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Introduction I have realized my training period at the School of Science and Technology of the University of Teesside, in the Forensics and crime scene unit. Forensic science is the application of science to the law and encompasses various scientific disciplines. Topics discussed include organic and inorganic chemical analyses of physical evidence, principles of serology and DNA analysis, identification of fresh and decomposed human remains, ballistics, and drug analysis. My training period was focused on the human remains and particularly the bones. That part of the body contains a big range of information which could be useful for forensics identifications. The goal of this project was to differentiate burnt bones and unburnt bones for archeological bones as well as modern bones to help the identification in forensic investigations. This report will be in 3 parts. Firstly, I will present the town Middlesbrough, where I lived in during the project. The second part will describe the procedure and the third one will show all the results.
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Chapter I - University of Teesside I - 1. Middlesbrough Middlesbrough is a town in the Tees Valley conurbation of North East England and sits within the county of North Yorkshire. The population of Middlesbrough is estimated at 190 000 inhabitants.



Figure I - 1 - 1: Map of Great Britain.



Middlesbrough was still only a farm of 25 people as late as 1801; the town did not start to grow until 1829 when a group of Quaker businessmen, headed by Joseph Pease of Darlington, purchased the farm and developed the ‘Port of Darlington’. A town was planned on the site of the farm to supply labour to the new port.
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Pease was the son of Edward Pease, who had developed the Stockton & Darlington railway, and when this line was extended by 6 km/4 mi in 1830 to Middlesbrough, the town and port expanded rapidly. In 1850 iron was discovered nearby, and it gradually replaced the transportation of coal as the chief industry and by the end of the century the town was producing 33% of the nation's total iron output. By 1901 the population had grown to 90,000. When the heavy industry sector started to decline in the 20th century Middlesbrough diversified into light industry. The Transporter Bridge was built in 1911 in order to join Middlesbrough and Port Clarence. It shows the power that the town had in steel and iron a century ago. The photos below show the monument and how it works.



Figure I - 1 - 2: The Transporter Bridge.



In spite of the fact that the industrial sector declined, Middlesbrough remains an important town. Indeed, Middlesbrough is now famous for its football club and for its great university.



Figure I - 1 - 3: Middlesbrough football club.
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I - 2. University of Teesside In 2010, in a double accolade the University of Teesside won University of the Year and Outstanding Employer Engagement Initiative in the Times Higher Education awards. Moreover, the 20,000 students are divided in six departments: School of Arts and Media, School of Computing, School of Health and Social Care, Teesside University Business School, School of Social Sciences and Law, and School of Science and Engineering. Middlesbrough has been a university town since the 2th of July in 1992. The University of Teesside has a history dating back to 1930 as Constantine Technical College which was officially opened by the Prince of Wales, the future King Edward VIII. The college became a polytechnic in 1969; and in 1992, the Privy Council gave approval to 14 higher education institutions, including Teesside, to become new universities. The single-site campus in the centre of Middlesbrough still includes the original Constantine College building but the University has grown more than twentyfold.



Figure I - 2 - 1: Constantine building.



The University of Teesside is internationally recognized as a leading institute for computer animation and games design and along with ARC at Stockton-on-Tees, Cineworld cinema in Middlesbrough, and the Riverside Stadium, hosts the annual Animex International Festival of Animation. This university is also famous all over England by its number of graduated students. The two maps below show how the university is constituted and its different parts.
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Figure I - 2 - 2: Campus in 3D.



Figure I - 2 - 3: Map of the Campus.
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I - 3. The School of Science & Engineering



I carry out my training in the main tower of the university at the School of Science and Engineering which is at the 8th, 9th and 10th floor of the main building. This part of the university offers a range of courses in applied science and engineering. To complement these traditional courses, the school has developed new programs, including chemical technology and degrees in disaster management, forensic investigation, crime scene science, internet and micro-systems technology. The School of Science and Engineering is also active in research and consultancy. This project is included in one of the principal research of the university in forensic investigation.



Maxime BONNIERE



Page 10



Report, April-June 2 010



Chapter II - Procedure II - 1. Sampling In order to be sure about the results, three samples of each following bone have been done.



1.1. Modern unburnt bones Regarding modern bones, the work to do is to clean the bone with a scalpel in order to removing remaining muscles and to scratch the surface above a mortar and pestle. After that, the pieces of the surface have to be crushed to make powder. Then, the powder is transferred in a sample bottle.



1.2. Modern burnt bones These bones are fresh ones that are burnt at different temperatures. So a fresh bone has to be cleaned. Then the oven is preheated at the required temperature and when the thermostat shows the wanted temperature the bone can be inserted in the oven during 45 minutes. As soon as the cooking is finished, the bone is removed so as to cool down. Finally, the bone can be scratched above a mortar and pestle. After that, the pieces of the surface have to be crushed to make powder which is transferred in a sample bottle. The bones were burnt from 100 °C to 1 100 °C every 100 °C. The oven cannot warm at a higher temperature therefore, only at these temperatures the analysis were made.
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1.3. Archeological unburnt bones Relating to this kind of bone, the procedure is the same as «modern unburnt bones».



1.4. Archeological burnt bones Two sorts of archeological burnt bones were analyzed. Some were already burnt so the procedure is the same as «modern unburnt bones» one. Others were not burnt yet, so they have been burnt. For the latter, the procedure of cooking is the same as «modern burnt bones». Once the samples were made, they were analyzed by the FTIR-ATR technique.
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II - 2. The FTIR-ATR Spectrometer To analyze the bones, a Fourier Transform Infrared - Attenuated Total Reflectance (FTIR-ATR) Spectrometer was used. Infrared spectroscopy is an extremely reliable and well recognized fingerprinting method. Many substances can be characterized, identified and also quantified. One of the strengths of IR spectroscopy is its ability as an analytical technique to obtain spectra from a very wide range of solids, liquids and gases. However, in many cases some form of sample preparation is required in order to obtain a good quality spectrum. An attenuated total reflection accessory operates by measuring the changes that occur in a totally internally reflected infrared beam when the beam comes into contact with a sample (indicated in Figure II - 2 - 1). An infrared beam is directed onto an optically dense crystal with a high refractive index at a certain angle. This internal reflectance creates an evanescent wave that extends beyond the surface of the crystal into the sample held in contact with the crystal. Consequently, there must be good contact between the sample and the crystal surface. In regions of the infrared spectrum where the sample absorbs energy, the evanescent wave will be attenuated or altered. The attenuated energy from each evanescent wave is passed back to the IR beam, which then exits the opposite end of the crystal and is passed to the detector in the IR spectrometer. Then, the beam is passed to the detector in the IR spectrometer. The computer-aided system generates an infrared spectrum.



Figure II - 2 - 1: Scheme of an FTIR-ATR crystal
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The FTIR-ATR spectrometer used is the «Nicolet 5700» which is equipped of a device which clamps the sample to the crystal surface and applies pressure. The spectrometer is controlled by OMNICTM software.



the crystal



Figure II - 2 - 2 : Nicolet 5700



Thus, a few milligrams of a sample are placed in contact with the crystal and in order to be sure of the contact, the pressure is applied. The spectrum can now be recovered. Three spectrums were made for each sample. At the end, nine spectrums were recovered for each temperature.
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II - 3. Interpretation of the spectrums All the spectrums are collected from 400 cm-1 to 2000 cm-1 because currently, three indexes are used to make the difference between the bones in this range of wavelengths. The three indexes calculated are: the Crystallinity index, the Carbonate/Phosphate ratio and the Carbonyl/Carbonate ratio. The hypothesis is that the three indexes change with the age of the bone and with the temperature of the oven in which the bone was burnt. Therefore, the difference between bones could be determined using these ratios.



3.1. The Crystallinity Index The Crystallinity Index (CI) is a measure of the order of the crystal structure and composition within bone. It is a mathematical calculation based on spectral data, and can be applied to each bone. The Crystallinity is a function of the extent of splitting of the two absorption bands at 605 and 565 cm-1 from phosphate group. For a baseline corrected spectrum the heights of the absorptions were added and then divided by the height of the minimum between them. CI = (A605 + A565) / A595 The equation above is the one of the Crystallinity Index where Ax is the absorbance at given wavelength x. Another index useful to make the difference is the Carbonate/Phosphate ratio.



3.2. The Carbonate/Phosphate ratio The Carbonate (CO3) gives absorption peaks at 710, 874 and 1415 cm-1 whereas PO4 gives absorption peaks at 565, 605 and 1035 cm-1. The carbonate absorption peak at 710 cm-1 is characteristic of CaCO3 and can therefore be used to detect absorbed CaCO3 contaminants.
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As the absorption peak height at 1415 cm-1 and 1035 cm-1 is proportional to the content of carbonate and phosphate, the Carbonate/Phosphate ratio is given by the equation below: C/P = A1 415 / A1 O35 Where Ax is the absorbance at given wavelength x. The last index used is the Carbonyl/Carbonate ratio.



3.3. The Carbonyl/Carbonate ratio The C/C ratio is determined dividing the carbonyl (CO) peak (1 455) and the CO3 peak (1415) changes also. But after several investigations, this ratio is in reality CO3/CO3 ratio. Indeed the peak at 1 455 cm-1 is a carbonate peak. So, the equation of the Carbonate/Carbonate ratio is as follows: C/C = A1 455 / A1 415 The figure below shows a spectrum of a bone on which it can be seen the different peaks. Figure II – 3 – 3 - 1: Spectrum of bone
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Chapter III - Results III - 1. Difference between modern bones The first difference between these kinds of bones is the colour because it changes with the temperature of the fire.



1.1. The Colour Indeed, to make the difference, pictures of the bones were taken. The photos below show the bones after being burnt. 100 °C Unburnt



200°C



400°C
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700°C 600°C



800°C



900°C



1 000°C 1 100°C



On the photos above, the change of colour according the temperature of the fire can be seen. Thus, with the colour of the bone, the temperature can be predicted.



1.2. The Indexes For each bone, three samples were made and were analyzed three times. Therefore, nine spectrums were recovered. Then, for each sample, an average of the three indexes (CI, C/P, C/C) were calculated. Finally, to build graphs, an average of each index from each temperature was calculated. The table below shows the final results.
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Temperature



CI



STDEV



C/P



STDEV



C/C



STDEV



20



2.83667



0.03511



0.38333



0.00577



0.93961



0



100



2.94850



0.03755



0.37893



0.01176



0.93476



0.00156



200



3.08799



0.03802



0.33587



0.00716



0.93534



0.00887



300



3.41981



0.01771



0.29159



0.00411



0.89457



0.00304



400



3.41981



0.06810



0.24213



0.00945



0.96424



0.03909



500



3.30000



0.03605



0.15666



0.00577



1.09994



0.00577



600



3.91673



0.12565



0.13331



0.01398



1.09401



0.00385



700



4.16333



0.07234



0.09333



0.00577



1.16108



0



800



6.11038



0.21156



0.03040



0.00194



1.75105



0.05481



900



4.79667



0.05131



0.06000



0



2.08201



0.03214



1000



4.74569



0.21611



0.05014



0.00682



2.09966



0.05778



1100



3.94139



0.20471



0.05639



0.00863



1.54054



0.00216



On the table above, the first thing interesting is that the CI increases until 800°C and goes down after this temperature. This peak at 800 °C means that the molecules which constitute the bone become bigger. Therefore, until this temperature, the size of the molecule increases and then it decreases. The Crystallinity Index is based on the phosphate group. Phosphate is mainly present in Hydroxyapatite ( Ca10(PO4)6(OH)2 ) which constitutes the bone at 70 %. It is deduced that the hydroxyapatite faces a change. Indeed, the molecules reorganize themselves to a different crystal system with the temperature. Another hypothesis is that an addition of new ions into the crystal structure occurs.
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Relating to the two last ratios, the changes are of CO3 and phosphate which change with rearrangement when the temperature increases. The three graphs below show the evolution of the Crystallinity Index, the Carbonate/Phosphate and Carbonyl/Carbonate versus the temperature.
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Usually, only these three indexes are calculated because the related peaks change easily with the temperature. But how to know if there is more information to analyze from the spectrum? That is why another analysis had been made using the variance. Actually, it shows us at which wavelength there is change.
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1.3. The Variance This method consists in dividing the variance between all of groups by the sum of the variance for each group. But this method only works with spectrums already normalized. Consequently, after the graphs were normalized, the ratio was calculated for all wavelengths. Thus, the peaks show where the changes on the spectrums are. The first graph below shows the ratio of the variances versus the wavelenght. The second graph shows the average of normalized spectrum for each temperature.



Figure III – 1 – 3 – 1: Graph of the variance.
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From the graphs above, the changes around 600 cm-1 for the Crystallinity Index, and also around 1 450 cm-1 to calculate the C/C ratio are expected. Relating to the C/P ratio, it includes a peak at 1 035 cm-1. This peak cannot be seen because all of the spectrums are normalized; therefore, because it is the highest peak, its value is 1. Consequently, for all the spectrums, the value for this peak is 1. On the first graph, big changes at 1 650 cm-1 (carbonyl), 900 cm-1 and at 500 cm-1 can be seen. The peak at 1 650 cm-1 is about Carbonyl group. For the one at 900 cm-1 it is carbonate group. Concerning the last peak (500 cm-1), it can be seen on the figure III – 1 – 3 – 2 (page 23) that it depends of the baseline used. So, it could not be taken into account. On the graph that shows all the spectrums, there is a change in the line width of the phosphate peak (1 035 cm-1). Moreover, watching the spectrums, a third peak appears around 625 cm-1 from 700 °C. This peak is a very good parameter to know if the bone was burnt at a high temperature. To take it as a parameter, the absorbance of this peak was divided by the depth between this one and the peak at 605 cm-1. This ratio is called PHT (Phosphate High Temperature). Finally, four other peaks have to be analyzed. That is why four new ratios were calculated. The first is a new C/P index that is called CO/P: it consists in dividing the peak at 1 650 cm-1 by the one at 1 035 cm-1. The second ratio is the CO/CO3 which represents a new C/C index because the peak at 1 650 cm-1 is divided by the one at 1 415 cm-1. Then, the next ratio is the CO3/P index. The pick at 900 cm-1 due to the carbonate group, is divided by the main pick (1 035 cm-1). And the last index is PHT. So, we have four new formulas: CO/P = A1 650 / A1 035 CO/CO3 = A1 650 / A1 415 CO3/P = A900 / A1 035 PHT = A625 / A610 The evolution of the line width function of the wavelength was also calculated. For each spectrum, wavelengths for an absorbance of 0.5 were subtracted.
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1.4. The five new indexes The table below presents the results. Temperature



CO/P



STDEV



CO/CO3



STDEV



CO3/P



STDEV



Line width



STDEV



PHT



STDEV



20



0.4001



0.0269



1.1198



0.0243



0.2329



0.0121



122.22



6.379



1.4873



0.0865



100



0.4075



0.0189



1.1421



0.0096



0.1846



0.0062



100.88



3.1797



1.5204



0.0835



200



0.3768



0.0080



1.1654



0.0448



0.1642



0.0074



96.22



2.1081



1.6607



0.0992



300



0.1999



0.0050



0.7213



0.0100



0.1632



0.0045



85



1.7320



2.270



0.2804



400



0.0901



0.0042



0.4123



0.0064



0.1178



0.0062



83



4.6904



1.6182



0.0795



500



0.0377



0.0033



0.3070



0.024



0.1006



0.0018



82.88



1.2692



1.6192



0.0592



600



0.0295



0.0054



0.2697



0.0176



0.0644



0.0106



61.55



6.3069



1.2903



0.0372



700



0.0231



0.0043



0.3447



0.0508



0.0526



0.0050



63.33



2



1.0526



0.0142



800



0.0064



0.0018



0.4442



0.1535



0.0130



0.0025



38.88



2.2462



2.1106



0.0649



900



0.0146



0.0023



0.5095



0.0603



0.0501



0.0040



68.11



4.8591



1.7132



0.0248



1000



0.0160



0.0034



-



-



0.0523



0.0085



72.27



5.1882



1.8726



0.1146



1100



0.0213



0.005



-



-



0.0928



0.0163



84.55



4.9777



1.4180



0.0444



There are no values for CO/CO3 at 1 000 °C and 1 100 °C because the figure III – 1 – 3 – 2 (page 23) shows us that the peaks disappear. So, the values do not make sense. Concerning PHT, the values until 700 °C are no use because the peak does not appear yet but at a higher temperature, this index is a very good parameter as we can see below. On the graphs below, the evolution of these five parameters with the increase of the temperature can be seen. Maxime BONNIERE
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These five graphs above are important for the identification of burnt bones because there is a real change with the increase of the temperature. After studying the variance, eight indexes can be used in order to identify burnt bones. The Principal Component Analysis can be used to classify the datas and, as these graphs identify a group or a temperature.
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1.5. The Principal Component Analysis Principal Components Analysis (PCA) is a way of identifying patterns in data, and expressing the data in such a way as to highlight their similarities and differences. PCA involves a mathematical procedure that transforms a number of possibly correlated variables into a smaller number of uncorrelated variables called principal components. The first principal component accounts for as much of the variability in the data as possible, and each succeeding component accounts for as much of the remaining variability as possible. Two PCA were made. The first one was with all the spectrums to be able to identify a new unknown spectrum, and see from what group it comes; the second was with the entire ratio which were calculated from all spectrums. Then, the first three scores were taken to make the 3D graphs below. The names of the axis are the name of the column for the scores. 3D Scatterplot of C833 vs C834 vs C835 C832 20 100 200 300 400 500 600 700 800 900 1000 1100



80 40 C833



0 10



0 C835



-20 -10



-10



0 10



C834



Figure III – 1 – 5 – 1: PCA of spectrums
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3D Scatterplot of C10 vs C11 vs C12 temperature 20 100 200 300 400 500 600 700 800 900 1000 1100



4 2 C10



0 -2 4 2 C11 0



1 0 -1



C12



Figure III – 1 – 5 – 2: PCA of ratio



On the first graph, a discrimination is easy for four temperatures (300, 500, 800 and 1 100 °C) whereas on the second we cannot make a real discrimination. But the discrimination is on groups of temperatures. Indeed, the low temperatures (20, 100 and 200 °C) are not close together as middle (400, 500, 600 and 700 °C) and high temperatures (800, 900 and 1 000 °C). Concerning the ratios from 300 °C and 1 100 °C burning, it is easy to make the discrimination. Thus, these graphs give a good idea of the temperature of the fire. Other graphs have to be built showing a real difference between groups. From the graphs above, which shows the evolution of a ratio against the temperature, some are good for low temperatures, or middle or high temperatures. Concerning low temperature, C/P, CO3/P, CO/P and the line width are the indexes which make the biggest difference between low temperature groups. After several graphs, the best one is CO/P against P/P because the points are not close.
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A 3D graph can also be built. The one below is the one which shows the best discrimination between bones burnt at low temperature. 3D Scatterplot of CO/CO3 vs CO3/P vs CO/P temperature 20 100 200 300 400 500 600 700 800 900 1000 1100



2 CO/CO3 1 0



0.3



0.00



0.2



0.15 CO/P



0.1



0.30 0.45



CO3/P



0.0



By the help of the two graphs above, it is now possible to know exactly at what temperature the bone was burnt.
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Relating to middle temperature, there are many indexes which show a good discrimination. After several possibilities, the best 2D graph showing the best difference is CI = f(C/P) and for the 3D graph, the line width against C/C against C/P were chosen.



3D Scatterplot of linewidht vs C/C vs C/P temperature 20 100 200 300 400 500 600 700 800 900 1000 1100



125 100 linewidht



75 50 2.0 C/C



1.5 1.0 0.00
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Concerning the high temperature, the same work has been made. Indeed, with the two graphs below, each point at high temperature can be easily distinguished.



3D Scatterplot of C/P vs C/C vs PHT temperature 20 100 200 300 400 500 600 700 800 900 1000 1100



0.45



C/P



0.30 0.15 2.0



0.00 1.5



2.0



1.5 C/C
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3D Scatterplot of P.H.T vs C/C. vs C/P.



Temperature 700 800 900 1000 1100



2.0 P.H.T 1.5 2.1 1 .8



1.0



1.5 0.04



0.06 C/P.



0.08



C/C.



1.2 0.10



By the help of the PCA and the graphs above, it is now possible to identify at what temperature the bone was burnt. Another technique to classify data is Linear Discriminant Analysis.



1.6. The Linear Discriminant Analysis The objective of LDA is to perform dimensionality reduction while preserving as much of the class discriminatory information as possible. It seeks to find directions along which the classes are best separated. It does so by taking into account the scatter within-classes but also the scatter between-classes. So, LDA is very interesting because it is able to predict the temperature by measuring the distance between the new sample and the groups. In order to verify if the model works, new bones were burnt at different temperatures and then the results were inserted in the program. One hundred % of successes are obtained for low and middle temperature but concerning high temperature, the program did not find the right temperatures. To make the calibration, rib bones and long bones were used. Currently, all bones have the same index at room temperature. Concerning burnt bones, it is not
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known. Therefore, checks of the behaviours of both types of bones when they are burnt have to be done. The following parts are focused on these kinds of bones. To be able to predict the temperature, two new calibrations were built: one for rib bones and another one for long bones. Thus models were built and have predicted the right temperature.



1.7. The model for rib bones The first model that was built concerns rib bones. New values for all the indexes were recovered. The table below shows the results. Temperature



CI



STDEV



C/P



STDEV



C/C



STDEV



CO/P



STDEV



20



2.839305



0.061616



0.381939



0.018948



0.939606



0.00356



0.400118



0.026915



100



2.765919



0.062609



0.489592



0.02817



0.972732



0.005094



0.651327



0.040584



200



2.864444



0.082078



0.424079



0.014584



0.980174



0.007289



0.590466



0.026147



300



3.079814



0.075976



0.336776



0.016455



0.88653



0.006444



0.238857



0.018767



400



3.308642



0.103027



0.214942



0.019034



1.005433



0.01431



0.07726



0.011161



500



3.527378



0.087323



0.180385



0.015489



1.06622



0.025411



0.054381



0.009523



600



4.836905



0.195412



0.083378



0.010687



1.126264



0.041461



0.021839



0.006304



700



6.52408



0.074574



0.042953



0.001834



1.245207



0.039141



0.0077



0.001891



800



5.935415



0.084139



0.044801



0.004358



1.389954



0.071485



0.009008



0.003429



900



5.317126



0.115041



0.048581



0.006899



1.516533



0.089071



0.009403



0.002589



1000



4.821057



0.16809



0.056087



0.00906



1.334719



0.081621



0.022102



0.010754



1100



4.722814



0.12495



0.052224



0.015869



1.079153



0.049514



0.021741



0.004706
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Temperature



CO/CO3



STDEV



CO3/P



STDEV



Line width



STDEV



PHT



STDEV



20



1.119871 0.024332 0.232915 0.012179



122.2222



6.37922



100



1.396588 0.019106



0.011571



100.8889



3.179797 1.520416 0.083571



200



1.449849 0.036391 0.192949 0.017366



96.22222



2.108185 1.660774 0.099242



300



0.783277



0.05257



0.148686



0.00522



85



1.732051



400



0.397335



0.03032



0.111422



0.01365



83



4.690416 1.618276 0.079549



500



0.354962 0.057587 0.089443 0.011779



82.88889



1.269296 1.619274 0.059226



600



0.359052



0.032451 0.005337



61.55556



6.306963 1.290375



700



0.258251 0.061006 0.015616 0.001545



63.33333



800



0.350337 0.140725 0.019395 0.002611



38.88889



2.246275 2.110606 0.064966



900



0.443181 0.093402 0.036147 0.001237



68.11111



4.859127 1.713246 0.024891



0.08221



0.2328



2



1.487337 0.086587



2.27074



0.280414



0.03729



1.052686 0.014212



1000



-



-



0.044131 0.004881



72.27778



5.188285



1.87263



0.114654



1100



-



-



0.059069 0.008448



84.55556



4.977728 1.418022 0.044402



The graphs below show the evolution of the indexes versus the temperature.
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On the graphs above, it can be seen that there is a change with the previous model. Moreover, the highest value for the CI is not at 800 °C but at 700 °C. After recovered all the values, a first LDA was made. The mistakes at high temperature were still present. Therefore, a PCA was built to know what index makes the biggest difference between points. The graph below shows the results.



3D Scatterplot of C112 vs C113 vs C114 C1 C /C C /P CI C O/CO3 C O/P C O3/P line width



20 10 C112 0 0.0 C113
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A big discrimination can be seen on this graph. The indexes that are the most separated in the space show the biggest difference between the temperatures. So, by selecting CO/CO3, CI, the line width and one of the four indexes which are close together, a good model can be built. To make the best program as regards C/P, CO/P, C/C and CO3/P, four models were made. In conclusion, the best model uses the C/P ratio. Finally, to build the program, CI, C/P, CO/CO3 and the line width were used. The percentage of success is 96.3 %. Moreover, the model gives the right temperature for low, middle and high temperatures. An example can be seen on the first appendix. In this appendix, the first eighteen samples were burnt at 1000 °C and the following nine were burnt at 1 100 °C. Only two misclassified samples can be found on 18 samples. Indeed, the model says that the eighth and the tenth samples are burnt at 1 100 °C. By the help of the graph showing the best indexes, other graphs which show the biggest difference between all the temperatures can be built. Finally, concerning rib bones, it is now possible to predict the temperature of the fire easily using the model. After this model, another one was made using long bones.



1.8. The model for long bones As for rib bones, all the values for each index were calculated. The table below shows the results. Temperature



CI



STDEV



C/P



STDEV



C/C



STDEV



CO/P



STDEV



20



2.839305



0.061616



0.381939



0.018948



0.939606



0.00356



0.400118



0.026915



100



2.804462



0.083884



0.510398



0.043941



0.935874



0.011674



0.535094



0.061604



200



2.867975



0.097455



0.491778



0.045379



0.941236



0.01033



0.523934



0.049201



300



3.149094



0.051719



0.321628



0.022339



0.895955



0.008265



0.174799



0.009725



400



3.107667



0.062865



0.272957



0.015515



0.948203



0.011048



0.089649



0.013171



500



3.348345



0.073441



0.227834



0.018526



1.013652



0.022791



0.049959



0.013527



600



3.740396



0.07954



0.174652



0.00844



1.037823



0.019389



0.041603



0.005513



700



4.471469



0.124796



0.074025



0.006295



1.285775



0.032249



0.027816



0.007269



800



4.541109



0.109209



0.110209



0.007121



1.391797



0.050168



0.022326



0.010553



900



4.333524



0.15133



0.101456



0.011838



1.493874



0.037439



0.021258



0.007284



1000



4.150591



0.085219



0.087334



0.007877



1.269738



0.087562



0.028802



0.011056



1100



3.779442



0.19863



0.06961



0.006861



1.087161



0.051623



0.030214



0.006578
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temperature



CO/CO3



STDEV



CO3/P



STDEV



linewidth



STDEV



PHT



STDEV



20



1.119871 0.024332 0.232915 0.012179



122.2222



6.37922



100



1.111775 0.038641 0.275803 0.020115



100.8889



3.179797 1.520416 0.083571



200



1.119429 0.016387 0.277641 0.027122



96.22222



2.108185 1.660774 0.099242



300



0.578755 0.012918 0.185804 0.006724



85



1.732051



400



0.362908 0.036653 0.167196 0.009403



83



4.690416 1.618276 0.079549



500



0.256512 0.055689



0.009958



82.88889



1.269296 1.619274 0.059226



600



0.290856 0.039091 0.090761 0.002831



61.55556



6.306963 1.290375



700



0.632394 0.119527 0.039311 0.002811



63.33333



800



0.309174 0.141955 0.058399



0.00505



38.88889



2.246275 2.110606 0.064966



900



0.407805 0.138305 0.086986 0.009901



68.11111



4.859127 1.713246 0.024891



1000



0.74463



0.217542 0.084964 0.007582



72.27778



5.188285



1100



1.761323 0.276661 0.119981 0.012211



84.55556



4.977728 1.418022 0.044402



0.11987



2



1.487337 0.086587



2.27074



0.280414



0.03729



1.052686 0.014212



1.87263



0.114654



The graphs below show the evolution of the indexes with the increase of the temperature.
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The graphs above show that long bones have a different behaviour at high temperature than rib bones. That explains why the previous model works at low and middle temperature and not at high temperature. After the values were recovered for each index, as for rib bones, before to build the model, a PCA was made in order to choose the best indexes. The graph below shows the results.



3D Scatterplot of C112 vs C113 vs C114 C1 C /C C /P CI C O/CO3 C O/P C O3/P line width



20 C112
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The best combination for the model is using CI, C/P, C/C, the line width and CO/CO3. The proportion correct indicates 88.9 % whereas for rib bones, it is 96.3 %. The mistakes are around 100 °C and 200 °C. So, the values for these temperatures were taken out and then the value is 98.9 %. So this model is validated but without the values for 100 °C and 200 °C because the bones at these temperatures have roughly the same properties.



Two models were made: one for rib bones and another one for long bones. In both cases it is possible to predict easily the temperature of the fire using graphs but especially the Linear Discriminant Analysis. In the same time, archaeological bones were analyzed. The following parts are focused on these bones.
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III - 2. Difference between archeological bones As modern bones, the first difference was the colour of the powder. Of course, the colour of the bone changes but the bone can be contaminated by the soil. So, for these kinds of bones it is really the colour of the powder which is interesting. To make the calibration, the bones are 800 years old.



2.1. The Colour The pictures below show the difference in the colour of the powder.



Unburnt



200 °C
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400 °C



600 °C



800 °C
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1 000 °C



1 100 °C



As modern bones, the colour obtained is a good parameter in the identification. But at very high temperature, the bone does not become pink. Firstly the three indexes that usually were determinated were calculated.



2.2. The Indexes To begin, the Crystallinity Index, the Carbonate/Phosphate ratio and the Carbonyl/Carbonate ratio were calculated The results are presented in the table below.
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Temperature



CI



STDEV



C/P



STDEV



C/C



STDEV



20



3.475343



0.180796



0.254202



0.022189



0.929977



0.017127



100



3.606808



0.100113



0.208356



0.010983



0.929263



0.008399



200



3.911188



0.265964



0.175001



0.031257



0.952791



0.012291



300



3.568726



0.165318



0.241771



0.02585



0.92279



0.007538



400



3.349144



0.102343



0.234967



0.024768



0.975873



0.009022



500



3.656589



0.046976



0.20868



0.007648



0.98052



0.00465



600



3.953966



0.115719



0.159566



0.009169



1.054143



0.012401



700



4.419327



0.10825



0.129136



0.007699



1.113162



0.017758



800



5.606722



0.292348



0.074735



0.00974



1.20372



0.079744



900



5.321295



0.319349



0.079474



0.011654



1.420803



0.031151



1000



5.728921



0.341677



0.043244



0.008974



1.218317



0.048578



1100



4.408278



0.160481



0.041363



0.009625



1.064862



0.027314



The difference between all the points can be seen on the three graphs below. They represent the evolution of the index function of the temperature.
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On these graphs, archeological bones have a different behaviour as to the temperature compared to the modern bones. Before calculating the four new indexes, to be sure that the differences observed in the graph representing the ratio of the variance showed the same peaks, the same analysis was made.



2.3. The Variance The ratio is exactly the same as modern bones that is to say dividing the variance between all of groups by the sum of the variance for each group. But firstly, all the spectrums were normalized and after the graphs above were built.



Figure III – 2 – 3 – 1: Graph of the Variance
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The graphs above prove that the four new indexes can be calculated because it shows the same peaks. That is why, the same indexes were calculated. But the Figure III – 2 – 3 – 2 shows us that the line width for the main peak is not as important as modern bones. So, the last ratio was not calculated. Moreover, as modern bones, a third peak appears when it is burnt from 700 °C. This peak is still a good parameter in the identification.



2.4. CO/P, CO/CO3, CO3/P and PHT These indexes are of course calculated with the same formulas. That is to say: CO/P = A1 650 / A1 035 CO/CO3 = A1 650 / A1 415 CO3/P = A900 / A1 035 PHT = A625 / A610 The table below shows the results of these indexes. Temperature



CO/P



STDEV



CO/CO3



STDEV



CO3/P



STDEV



STDEV



20



0.166403 0.039111 0.695098 0.085964 0.158883



100



0.139156 0.006284 0.742184 0.016319 0.142173 0.013767 1.400397



200



0.109457 0.019392 0.721928 0.020492 0.110923 0.015254 1.725998 0.444775



300



0.089368 0.012398 0.412751 0.043182 0.127153 0.019607



400



0.067433 0.012683 0.323757 0.022496



500



0.03503



600



0.024052 0.004715



700



0.024216 0.002493 0.242108 0.017662 0.070959 0.003293 1.066663 0.010418



800



0.013617



900



0.011094 0.002236 0.249515 0.021666 0.059176 0.011628 1.767009



1000



0.012517



0.00275



-



-



0.04296



1100



0.01383



0.002997



-



-



0.072238 0.003392 1.493861 0.056907



0.14897



0.002993 0.191536 0.008016 0.114111



0.00232
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0.18441



0.01315



PHT



1.487337 0.086587



1.69222



0.08814



0.146739



0.024424 1.760982 0.086748 0.01026



1.501199 0.043901



0.034119 0.091658 0.007264 1.293453 0.043054



0.271708 0.029661 0.051902 0.005597 1.687533 0.070524 0.0719



0.005338 2.188399 0.152391
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The graphs below show us the evolution of these indexes with the increase of the temperature.
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As modern bones, these graphs are important in the identification because there are changes with the evolution of temperature. A Principal Component Analysis was also made.
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2.5. The Principal Component Analysis As modern bones, a PCA for the spectrum and another one for the ratios were made.



3D Scatterplot of C834 vs C835 vs C836 temperature 20 100 200 300 400 500 600 700 800 900 1000 1100



60 30 C834



0 -30 10 0 C836



-10 -20



-20



0



20



C835



Figure III – 2 – 5 – 1: PCA of spectrums



3D Scatterplot of C10 vs C11 vs C12 temperature 20 100 200 300 400 500 600 700 800 900 1000 1100



2 C10



0 -2 -4 2 1 C12



0



0 -1



2 4



C11



Figure III – 2 – 5 – 2: PCA of ratio
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The two graphs above give us a good idea of the temperature. So, graphs showing a big difference between groups have to be built. The first category of graph is focused on low temperature. Parameters which make the biggest discrimination were selected.



3D Scatterplot of CI vs C/P vs CO/P temperature 20 100 200 300 400 500 600 700 800 900 1000 1100
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On these graphs, discrimination for groups at low temperature but also middle temperature can be distinguished. Consequently, these graphs are very useful because it is no use to making graphs focused on middle temperature. The one above gathers low and middle temperature. The graphs below show the biggest difference between bones burnt at high temperature. As modern bones, PHT is still a very good parameter for high temperature burning.



3D Scatterplot of CI vs C/C vs C/P temperature 20 100 200 300 400 500 600 700 800 900 1000 1100
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2.0 PHT_1 1.5 1.4 1.3



1.0



1.2 0.050



0.075 C/P_1



0.100



C/C_1



1.1 0.125



By the help of the different graphs above, the identification of the temperature is now possible and easy. To make it easier, as modern bones, a Linear Discriminant Analysis had been made.



2.6. The Linear Discriminant Analysis To make the model, all the values for all indexes for all temperatures were inserted. Then, the model was tested with unknown samples. The results obtained are reasonable because there are few misclassified samples but usually the model works. So, it can be used in order to classify new samples. In this model the PHT ratio was taken out because the values at low and middle temperature had no sense. But if the sample is suspected burnt at high temperature it can of course be included into the model. By the help of this model, archaeological bones that the characteristic (burnt or unburnt) was known but not the temperature were analyzed. The results obtained corresponded to the characteristic of bone. Moreover, different bones from the same
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sample that have different colours were analyzed and the results obtained followed the colours. A dinosaur bone was also analyzed. The spectrum of this bone does not show a big difference with other age. The CI is at 3.5 whereas other samples have a value around 3.3. The model might be useful for all archaeological bones. But before maintaining it works for all archaeological bones, analysis of different samples from different ages have to be checked.



Concerning archaeological bones, a model with graph was built and can predict the temperature. Another model using data was also built and it is very useful because it very easy, as modern bones, to use.
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Conclusion In this project, two types of bones were analyzed: modern and archaeological bones. The purpose was to make the discrimination between burnt and unburnt bones for the two kind bones. From the results of all the analysis, big changes on the spectrums can be seen that echo by changes in the constitution of bones. So, the FTIR technique is a very good way to analyse bones because it enables us to see these differences. Initially, just three indexes were used: the Cristallinty Index, the Carbonate/Phosphate ratio and the Carbonyl/Carbonate ratio. Now, five new parameters (CO/P, CO/CO3, CO3/P, the line width and PHT) can be used in order to identify the temperature of the fire. With investigations, it was discovered that the type of bones used is important in the identification. Concerning modern bones, a model for rib bones and another one for long bones were built and give the right temperature. Relating to archaeological bones only one model was built. Other tools can be used. The Principal Component Analysis show groups of temperature and graphs showing the best discrimination between the groups are useful. Even if the models are built, there are still investigations in this field. Indeed, concerning the modern bones, a check for all kind of bones can be done. For the future it could also be useful to study the behaviour of teeth because they also contain a lot of information as bones. Then, it could be interesting to know what happens at higher temperature than 1 100 °C because sometimes, fires have temperature over 1 200 °C. Relating to the archaeological bones, a check could be done on the influence of the age because a dinosaur bone was analyzed and there is only a little difference with other samples whereas it is dated at least of 65 million years. Another investigation can be carried on the different type of bones as modern bones.
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General Conclusion I really enjoyed this ERASMUS training course at the University of Teesside because the project was very interesting. I also could improve my English. Then, I liked making experiments and all the analysis after that, because they were my results and I like knowing what the consequences are. Even if there is still a lot of work to do, this training period was a very interesting experience.
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Appendix First appendix: LDA from rib bones. Discriminant Analysis: temperature versus CI, C/P, CO/CO3, line width Linear Method for Response: temperature Predictors: CI, C/P, CO/CO3, line width Group Count



20 9



100 9



200 9



300 9



400 9



Group Count



700 9



800 9



900 9



1000 9



1100 9



500 9



600 9



Summary of classification Put into Group 20 100 200 300 400 500 600 700 800 900 1000 1100 Total N N correct Proportion



20 9 0 0 0 0 0 0 0 0 0 0 0 9 9 1.000



100 0 9 0 0 0 0 0 0 0 0 0 0 9 9 1.000



200 0 0 9 0 0 0 0 0 0 0 0 0 9 9 1.000



Put into Group 20 100 200 300 400 500 600 700 800 900 1000 1100 Total N N correct Proportion



900 0 0 0 0 0 0 0 0 0 9 0 0 9 9 1.000



1000 0 0 0 0 0 0 0 0 0 0 7 2 9 7 0.778



1100 0 0 0 0 0 0 0 0 0 0 0 9 9 9 1.000



N = 108



300 0 0 0 9 0 0 0 0 0 0 0 0 9 9 1.000



N Correct = 105



True Group 400 500 0 0 0 0 0 0 0 0 9 1 0 8 0 0 0 0 0 0 0 0 0 0 0 0 9 9 9 8 1.000 0.889



600 0 0 0 0 0 0 9 0 0 0 0 0 9 9 1.000



700 0 0 0 0 0 0 0 9 0 0 0 0 9 9 1.000



800 0 0 0 0 0 0 0 0 9 0 0 0 9 9 1.000



Proportion Correct = 0.972



Summary of Classification with Cross-validation Put into Group 20
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0 0 0 0 0 0 0 0 0 0 0 9 9 1.000



9 0 0 0 0 0 0 0 0 0 0 9 9 1.000



0 9 0 0 0 0 0 0 0 0 0 9 9 1.000



Put into Group 20 100 200 300 400 500 600 700 800 900 1000 1100 Total N N correct Proportion



900 0 0 0 0 0 0 0 0 0 9 0 0 9 9 1.000



1000 0 0 0 0 0 0 0 0 0 0 7 2 9 7 0.778



1100 0 0 0 0 0 0 0 0 0 0 0 9 9 9 1.000



N = 108



0 0 9 0 0 0 0 0 0 0 0 9 9 1.000



N Correct = 104



0 0 0 8 1 0 0 0 0 0 0 9 8 0.889



0 0 0 1 8 0 0 0 0 0 0 9 8 0.889



0 0 0 0 0 9 0 0 0 0 0 9 9 1.000



0 0 0 0 0 0 9 0 0 0 0 9 9 1.000



0 0 0 0 0 0 0 9 0 0 0 9 9 1.000



Proportion Correct = 0.963



Squared Distance Between Groups 20 100 200 300 400 500 600 700 800 900 1000 1100



20 0.00 130.85 72.92 89.54 176.20 239.05 519.97 1193.69 869.51 620.49 507.10 568.87



100 130.85 0.00 24.99 131.24 418.95 490.69 734.48 1279.27 1046.99 913.29 894.34 1002.96



20 100 200 300 400 500 600 700 800 900 1000 1100



800 869.51 1046.99 881.14 695.24 598.27 518.89 124.71 48.75 0.00 60.68 213.92 350.62



900 620.49 913.29 716.97 517.38 351.51 291.10 51.94 216.51 60.68 0.00 51.23 148.32



Maxime BONNIERE



200 72.92 24.99 0.00 57.85 262.44 317.77 547.00 1143.36 881.14 716.97 670.61 758.78 1000 507.10 894.34 670.61 490.52 279.06 235.91 112.29 457.64 213.92 51.23 0.00 33.92



300 89.54 131.24 57.85 0.00 91.27 121.94 331.08 975.50 695.24 517.38 490.52 620.81



400 176.20 418.95 262.44 91.27 0.00 6.92 205.94 937.80 598.27 351.51 279.06 394.81



500 239.05 490.69 317.77 121.94 6.92 0.00 150.14 843.66 518.89 291.10 235.91 356.57



600 519.97 734.48 547.00 331.08 205.94 150.14 0.00 306.91 124.71 51.94 112.29 245.80



700 1193.69 1279.27 1143.36 975.50 937.80 843.66 306.91 0.00 48.75 216.51 457.64 625.32



1100 568.87 1002.96 758.78 620.81 394.81 356.57 245.80 625.32 350.62 148.32 33.92 0.00
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Report, April-June 2 010 Linear Discriminant Function for Groups Constant CI C/P CO/CO3 line width



20 -2026.3 628.7 2904.7 90.1 8.6



100 -2334.2 676.6 4012.2 91.5 6.0



200 -2094.2 652.2 3590.4 100.7 6.1



300 -1783.0 623.9 3222.5 64.7 5.6



400 -1501.8 583.6 2347.2 54.0 6.8



Constant CI C/P CO/CO3 line width



700 -3136.6 905.7 3176.5 78.6 5.7



800 -2684.3 831.5 2727.9 82.1 6.4



900 -2298.1 755.8 2193.7 86.9 7.6



1000 -2096.7 701.0 1719.2 113.5 9.0



1100 -2161.6 693.0 1437.5 155.9 9.9



500 -1488.7 591.3 2290.7 54.4 6.4



600 -1960.6 706.7 2467.7 69.7 5.7



Summary of Misclassified Observations Observation 38**



True Group 400



Pred Group 400



X-val Group 500



53**



500



400



400



91**



1000



1100



1100



95**



1000



1100



1100
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Group 20 100 200 300 400 500 600 700 800 900 1000 1100 20 100 200 300 400 500 600 700 800 900 1000 1100 20 100 200 300 400 500 600 700 800 900 1000 1100 20 100 200 300 400 500 600 700 800 900



Squared Distance Pred X-val 209.508 211.699 492.404 505.870 319.410 327.648 130.994 135.614 4.497 5.945 4.770 4.738 180.944 180.345 899.332 893.496 557.444 555.676 305.912 307.896 228.041 232.288 336.267 341.704 169.203 179.813 402.331 418.940 252.300 260.372 86.415 88.022 3.150 3.159 7.427 10.189 170.864 171.602 841.933 833.266 524.487 519.562 299.836 297.542 244.303 242.554 363.820 360.714 479.064 474.502 866.864 858.219 635.843 630.343 492.534 488.740 294.293 295.042 258.117 261.060 170.106 188.750 574.990 634.692 304.063 342.702 111.982 132.863 17.178 26.937 9.261 9.368 476.07 472.20 890.05 881.05 655.54 648.72 496.22 492.27 277.73 275.32 243.10 241.98 172.94 189.82 602.84 682.52 320.08 365.55 113.47 131.78



Probability Pred X-val 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.35 0.47 0.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.97 0.11 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.98 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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13.16 11.85



19.49 12.00



0.34 0.66



0.02 0.98



Prediction for Test Observations Observation 1



Pred Group 1000



2



3



4



5
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Squared Distance



Probability



20 100 200 300 400 500 600 700 800 900 1000 1100



469.584 896.295 649.991 461.447 221.860 186.419 160.267 675.646 365.890 135.074 25.749 36.691



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.996 0.004



20 100 200 300 400 500 600 700 800 900 1000 1100



473.198 875.754 636.016 435.311 204.539 164.259 113.674 592.083 302.964 97.167 16.744 49.948



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



515.236 916.624 679.324 486.964 258.857 214.192 115.159 518.484 253.586 71.007 4.139 32.829



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



419.037 821.532 579.907 392.469 169.354 138.223 151.121 722.421 399.437 158.798 45.791 64.203



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500



530.866 959.227 718.205 540.231 302.892 261.625



0.000 0.000 0.000 0.000 0.000 0.000



From Group



1000



1000



1000



1000
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6



7



8



9



10
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600 700 800 900 1000 1100



164.033 564.456 291.431 95.046 7.395 14.442



0.000 0.000 0.000 0.000 0.971 0.029



20 100 200 300 400 500 600 700 800 900 1000 1100



473.319 870.317 632.442 446.293 224.422 184.598 122.155 579.859 296.465 95.676 12.629 35.378



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



489.965 882.904 647.324 447.651 222.502 179.137 99.749 532.202 260.844 73.700 8.740 47.165



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



582.844 1034.774 792.434 641.962 402.288 363.570 243.752 601.978 332.607 133.121 27.001 3.588



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



555.397 963.589 730.133 553.024 327.408 281.615 143.232 477.860 231.940 64.865 2.738 20.555



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700



518.376 1006.820 760.986 577.977 309.176 278.729 239.010 710.278



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



1000



1000



1100



1000



1100
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11



12



13



14



15
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800 900 1000 1100



399.891 156.231 31.357 27.410



0.000 0.000 0.122 0.878



20 100 200 300 400 500 600 700 800 900 1000 1100



624.613 1098.557 862.117 684.846 424.552 383.139 237.951 544.177 292.282 107.518 27.309 31.201



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.875 0.125



20 100 200 300 400 500 600 700 800 900 1000 1100



549.567 999.866 761.350 579.402 330.156 290.349 185.564 563.283 293.574 96.252 9.904 19.562



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.992 0.008



20 100 200 300 400 500 600 700 800 900 1000 1100



562.117 1021.137 795.858 633.472 392.502 358.036 235.176 555.355 299.950 110.693 26.248 30.154



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.876 0.124



20 100 200 300 400 500 600 700 800 900 1000 1100



556.866 981.384 751.357 572.981 340.208 297.171 160.889 486.076 239.851 68.806 5.248 24.975



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900



615.046 1029.331 806.253 636.541 412.847 365.594 177.152 416.562 200.412 59.180



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000



1000



1000



1000



1000



1000
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16



17



18



19



20
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1000 1100



16.567 37.677



1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



658.585 1063.923 847.476 680.613 463.663 413.560 189.515 367.926 174.221 55.524 31.425 58.573



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



461.840 869.105 643.237 458.904 237.161 200.995 127.299 541.671 270.601 77.551 4.574 36.345



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



535.388 930.609 709.789 531.343 316.715 272.707 127.265 432.464 200.242 46.813 2.335 36.600



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000



20 100 200 300 400 500 600 700 800 900 1000 1100



738.643 1304.433 1002.900 890.687 593.581 576.111 650.566 1353.817 931.917 566.813 285.907 145.384



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



734.887 1280.845 982.836 883.040 601.983 584.253 649.811 1339.030 924.413 568.412 290.623 145.695



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



1000



1000



1000



1100



1100
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22



23



24



25



26
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1100 20 100 200 300 400 500 600 700 800 900 1000 1100



795.909 1374.906 1068.211 963.999 660.874 642.875 708.265 1402.342 978.790 609.874 318.694 163.364



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



731.633 1238.914 947.606 840.102 574.114 543.159 524.080 1094.311 730.670 432.408 205.488 81.903



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



673.857 1187.558 902.544 780.056 507.892 478.804 468.929 1040.111 677.587 379.345 162.957 58.470



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



746.689 1255.316 960.422 868.378 608.278 583.105 601.973 1230.833 844.115 521.724 267.765 125.641



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



779.565 1344.393 1042.847 959.736 676.025 665.230 763.369 1496.731 1059.583 676.584 368.031 200.587



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20



769.269



0.000



1100



1100



1100



1100



1100
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27
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100 200 300 400 500 600 700 800 900 1000 1100



1339.177 1038.163 947.830 658.537 646.579 737.779 1459.331 1026.310 647.078 344.877 183.849



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



20 100 200 300 400 500 600 700 800 900 1000 1100



960.966 1524.158 1210.703 1162.210 886.383 871.069 929.771 1624.878 1194.319 817.448 489.487 278.577



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000



1100
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Abstract



Bones represent a great part of the human body. Consequently they can be a key in forensic investigations and help to determine conditions of death. This is important to know how a bone reacts in certain conditions; that is why it is necessary to study their composition and their behaviour. This project is focused on how to make the difference between burnt and unburnt bones concerning modern and archaeological bones by FTIR analysis. Before this project only three indexes were used and nobody knew the behaviour of bones when they are burnt.
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