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Abstract

In this work, (XRF) technique was used to investigate the elements concentration in deciduous and permanent teeth
compared with smoking. Many elements have been detected in the deciduous teeth samples, the important once are
Ca, K, P, Mg, C and Na. The same elements were detected in permanent teeth with another two elements Fe and Pb.
Thus, the concentrations of most toxic elements were significantly in the smoker group. The maximum concentrations
of toxic elements such as Pb, Cd and Co were found in older age (above 60 year). The minimum concentrations of
trace elements Ca, P and Na were detected in this age group. The relative statistics of calcium concentration in
smoker and nonsmoker human teeth were studied according to age. It was concluded that the maximum calcium

concentration for nonsmokers was found in age group (20-40 year) compared with other groups.

Keywords: Deciduous& permanent teeth, smoking related, XRF

1. Introduction

The X-ray fluorescence (XRF) technique can be used for
multi-elemental analyses []. Robinson et al, 2004]. The
XRF method has been utilized to determine traced
element concentrations in a wide range of samples, for
instance biochemistry samples, chemical samples, and
archaeological samples. However, the XRF as a
portable system frequently lack the ability to analyses
large samples (larger than 1 g), and samples with 10
mm in diameter or more [B. Beckhoff et al, 2007].
Therefore, the large samples should be converted to a
homogeneous powder. Moreover, the system (XRF) is
often unable to detect elements with atomic number
larger than 92 [M. Shackley, 2010]. In the present
work, using the XRF method for detect of the elements
concentration in teeth samples.

2. Types of teeth

Teeth are the hardest structures of the human body.
The type, number, and arrangement of a set of teeth
represent the dentition. Humans have two set of teeth
Primary teeth and Permanent teeth. The Primary teeth
are also known as deciduous teeth, milk teeth, baby
teeth or temporary teeth. Primary teeth start to form
during the embryo phase and erupt during infancy
(from 6 months to 3 years). The Permanent teeth (or
adult teeth) are the second set of teeth and normally
consist of 32 teeth. The first permanent teeth appear
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around the age of 8 and are usually the first molars
which erupt right behind the last "milk" molars of the
primary dentition [H. Thomas, 1995]. The human tooth
consists of four main tissues, enamel is the hardest
material found in the human body which protects the
other weakly tooth parts from damage, Dentine has a
bone like consistency, pulp is found in the tooth center
and contains vessels and nerves that keep the tooth
alive and the cementum layer covers tooth root [P.
Gongalves et al, 2005]. The crystalline enamel of a
tooth is a biological composite containing 4% water,
95% mineral (carbonated hydroxyapatite), and 1%
organic matter [L. Geros et al, 2009; F. Brudevold et al,
1967].

3. Smoking Effects

Nicotine is the most important constituent among
more than 4000 potentially toxic substances in tobacco
products. It is the main chemical component
responsible for tobacco addiction, appears to mediate
the hemodynamic effects of smoking, and has been
implicated in the pathogenesis of numerous diseases
[O.Ciftci et al, 2013]. Studies have also demonstrated
the detrimental effects of smoking on oral health. A
clinical study [M. Albandar et al, 2000] observed that
smokers had a higher prevalence of moderate and
severe periodontitis and higher prevalence and extent
of attachment loss and gingival recession than non-
smokers, suggesting poorer periodontal health in
smokers. In addition, smokers had a higher number of
missing teeth than non-smokers. Concerning the bone-
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implant interface, the deleterious effects of tobacco
smoke reflects a series of direct and indirect systemic
and local effects on bone metabolism [M.Pereira et al,
2010]. It has been strongly suggested that local
exposure of the peri-implant tissues to tobacco
products is the main factor leading to an overall
increase in implant failure rate in smokers [G.Johnson
et al, 2007]. A recent meta-analysis on the subject
[H.Chen et al, 2013] observed that smoking was
associated with a higher risk of dental implant failure.

4. Experimental part
a. Samples preparation

The teeth samples were supplied by dental center in
Alfurat Hospital (Baghdad, Iraq). They were washed in
sodium hypochlorite diluted with distilled water for 10
min to remove all the contamination from the outer
surface and dried at room temperature. Then they
were preserved in formalin solution. Figure (1) shows
some of teeth samples using in this work.

Healthy

Caries tooth Smoker

Nonsmolker

Nonsmolke Smoker Nonsmoker Smoker

Fig.1 Some of teeth samples using in this work (a)
deciduous Teeth (b) permanent teeth age group (20-40
year) (c) permanent teeth age group (40-60 year) (d)
permanent teeth age group (>60 year)

b. X-Ray Fluorescence

; .
b

C

Fig.2 Some of teeth samples after grinding and
pressing (a) deciduous Teeth (b) permanent teeth age
group (20-40 year) (c) permanent teeth age group
(40-60 year) (d) permanent teeth age group (>60 year)

The elemental concentration of teeth samples were
studied by X-Ray Fluorescence. The samples were
prepared by grinding teeth samples by mechanical
mortar, then press 5 grams of the powder using a
piston under the pressure of 3.5 tons to make of a disk
with 1 cm diameter. Figure (2) illustrates the teeth
samples after grinding and pressing.

The used X-ray florescence spectrometer is
(Spectro Analytical Instruments, Kleve, Germany,
Model 2010) using X-ray tube working at a 44.69 kV
voltage and 0.55 mA current, with Pd target. Figure (3)
shows the typical X-ray fluorescence spectroscopy.
Special software was used to analyze the secondary X-
rays emitted from samples to identify the elemental
content.

Sample
XRF,
Detector
X-ra
source
Collimator
Collimator
Diffracting
26 2 crystal
/
/

Fig.3: Scheme of the experimental setup arrangement
for X-ray fluorescence spectroscopy

5. Results and Discussion
A. Deciduous Teeth

X-Ray fluorescence spectroscopy (XRFS) used to
investigate the elements concentration in deciduous
teeth.

Table.1: X-Ray Fluorescence (XRF) of deciduous Teeth

SPECTRO X-LabPro Job Mumber : 0

Sample Name 1 Date ofReceipt 06/20/2016 10:00:00

Description Tooth-Phys Method TurboQuant-Pellets

z Symbol Element MNom.Int Concentration Abs.Error
11 Na20 Sodium 2239.692 317 % 0.050433 %
12 MgO Magnesium 202.8878 0.014 % 0.016944 %
13 AI203 Aluminum 0 0.0035 % 0.002633 %
14 Si02 Silicon 798.4152 0.0018 % 0.008092 %
15 P205 Phosphorus 9947.003 712 % 0.020438 %
16 S03 Sulfur 5185.579 0.002 % 0.005606 %
17 Cl Chlorine 1922.481 0.008 % 0.001237 %
19 K20 Potassium 0 2122 % 0.000307 %
20 CcaO Calcium 2320575 4982 % 0.042883 %
22 TIo2 Titanium 1.246937 0.00025 % 0.003483 %
23 V205 Vanadium o 0.00048 % 0.008172 %
24 Cr203 Chromium 0 0 % 0 %
25 MnO Manganese 4117669 0.0012 % 0.00048 %
26 Fe203 Iron 237.9766 152 % 0.003055 %
27 CoO Cobalt 0 0 % 0 %
28 Nio Mickel 7.539946 0.497 % 0.000447 %
28 CuO Copper 8.850561 0.0036 % 0.000583 %
30 ZnO Zinc 9815.128 847 % 0.001954 %
31 Ga Gallium 4815814 0.0004 % 0.001456 %
32 Ge Gemanium o 0.00005 % 0.000186 %
33 As203 Arsenic 0 0 % 0 %
34 Se Selenium 0 0.000056 % 0.00085 %
35 Br Bromine 7.407018 0.00035 % 0.002377 %
37 Rb20 Rubidium 7.584521 0.000238 % 0.001808 %
38 Sro Strontium o 0 % 0 %
38 Y Yitrium ] 0.000056 % 0.002581 %
40 Z02 Zirconium [} 0.000182 % 0.002814 %
41 Nb20S Niobium 0.701751 0.000284 % 0.000402 %
42 Mo Molybdenum 0 0 % 0 %
47 Ag Silver 0.764736 0.000336 % 0.000924 %
48 Cd Cadmium % %
S0 Sn02 Tin 5.345634 0.000518 % 0.000488 %
51 Sb20S Antimony 0 0 % 0 %
52 Te Tellurium 0 0 % 0 %
53 | lodine 1} 0 % 0 %
S5 Cs Cesium ) 0 % 0 %
56 Ba Barium o 0 % 0 %
S7 La Lanthanum o 0 % 0 %
58 Ce Cerium o 0 % 0 %
72 Hf Hafnium 0.235872 0.00028 % 0.001838 %
73 Ta20S Tantalum 28.42428 0.012278 % 0.002888 %
74 WO3 Tungsten 69.01151 0.02436 % 0.002126 %
80 Hg Mercury 0 0.00028 % 0.002158 %
8 T Thallium 1.827716 0.00014 % 0.00104 %
82 PbO Lead 11.5083 0.00037 % 0.00287 %
83 Bi Bismuth 0 0.00028 % 0.002003 %
80 Th Thorium 5.089857 0.000378 % 0.002405 %
92 U Uranium 12.08331 0.00028 % 0.000828 %

Sum of concentration 91.89 %
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The results are presented in Table (1). A maximum Table.3: X-Ray Fluorescence (XRF) age group (40-60

concentration of elements Ca, K, Zn and P appears in year)
deciduous teeth and other elements such as Na, Mg,
. . . . . . . . SPECTRO X-LabPro Job Mumber : 0
and Fe in different ratio. This result is identifying Sample Name 2 Dafe of Recsipt 06/23/2016 10:37:58
. . Description Tooth-Phys Method TurboQuant-Pellets
when repeating the measurements with many
d d t th l Al t b th z Symbol Element Mom.Int Concentration Abs.Error
eclauous tee samples. SO, 1t can be seen otner = —_— — 5556728 — = TS >
; i 12 MgO Magnesium 253.6097  1.837 % 0.017 %
elements such as S, Si, Al, Cu and Ti in low (e Qa  TEloEm. Ze8.50 Gt Z R =
. 12 sio2 Silicon 9980190  1.133 % 0.007 %
concentration. 15 P205 Phosphorus  37433.7542 20.231 % 0.020 %
16  s03 Sulfur 64819742 2661 % 0.005 %
17 cl Chiorine 24031140  0.1747 % 0.002 %
AP b 19 K20 Potassium  0.0000 0.0013 % 0.001 %
20 cao Calcium 11507.1899 39.358 % 0.041 %
- Permanent teet. 22 Tio2 Titanium 15587 0.0063 % 0.003 %
23 w205 Vanadium  0.0000 0.0059 % 0.007 %
24  Cr203  Chromium  4.3819 0.00021 % 0.000 %
25 mno Manganese 51471 0.0092 % 0.000 %
a. Nonsmoker teeth 26  Fe203  Iron 297.4708  0.139 % 0.001 %
27 CoO Cobalt 9.0669 0.0129 % 0.001 %
28 N0 Nickel 9.4249 0.0016 % 0.001 %
The XRFS Its f h 1 29 cuo Copper 11.0632 0.00086 % 0.002 %
30 zno Zinc 10189100  0.0292 % 0.002 %
e results for permanent teet samples were = 2 i Soite 00055 o F0s o
; ; ; 32 G G i 0.0000 0.0005 % 0.001 %
presented in Tables (2, 3 and 4). Ca is a maximum B e O ot - oo o
. . 34 se Selenium 0.0000 0.0003 % 0.000 %
elements concentration in enamel teeth sample and 3 Br Bromine 92583 000018 % 0.001 %
) ) 37 Rb20 Rubidium 9.2807 0.0002 % 0.002 %
38 Sro Strontium 2665.2536  0.0633 % 0.001 %
other elements like P, Na, Mg, Fe and Pb appeared in a8 S Stroti peese 8063 % g:001 %
; ; 20  z02 Zirconium  0.0000 0.00016 % 0.001 %
different ratios. Also heavy metals content was i fieos  rernmt oerrs Tioosy o 00 o
. . . 2 Mo Molybdenum  5.1668 0.00077 % 0.000 %
determined in the teeth samples such as S, Si, Al Cu, Ga, 7 Ag Silver 0.8559 0.00025 % 0.001 %
As S 4T df d diff 48 cd Cadmium  4.1150 0.00031 9% 0.001 %
i i i i S0 Sno2 Tin 6.6820 0.00029 % 0.002 %
S, oI an 1 an ound In different concentration 51 Sb205  Antimony  4.9122 0.00039 % 0.001 %
: 52 Te Tellurium 0.0000 0.00028 % 0.001 %
found. The results of Correlations between the 3 lodine 0.0000 000054 % 0.001 %
. . s5  Cs Cesium 0.0000 0.00044 % 0.001 %
concentration of elements and age were presented in s ea Barium 0.0000 000018 % 0.001 %
57 La Lanthanum  0.0000 0.00021 % 0.000 %
i 58 Ce Cerium 0.0000 0.00022 % 0.001 %
Table (2, 3 and 4). A lower concentration of Ca, Naand % ¢ Commi  0.0000 guizy, % 0009 %
: . 73 Ta205  Tantalum 367803 0.00123 % 0.001 %
P was decrease with age. The concentration of Mg, Pb 74  WO3  Tungsten 362644  0.0144 " 0.002 o
. L. . . . 80  Hg Mercury 0.0000 0.0003 % 0.000 %
experience more high increment with age. This resultis & 7 Thalium 22846 000013 % 0.002 %
82  PbO Lead 143854 0.0129 % 0.001 %
i ; i ; 83  Bi Bismuth 0.0000 0.00024 % 0.001 %
consistent with the previous results obtained on & B8 Bl 00000 boonay & 9001, *
. . . . 92 u Uranium 15.1166 % 0.001 %
investigation Ca content in human teeth by XRF [ L 0.0003
Sum of concentration 72.91 %
Baranowska et al, 2004].
Table.4: X-Ray Fluorescence (XRF) age group (>
Table.2: X-Ray Fluorescence (XRF) age group (20-40 y (XRF) age group (
year) 60year)
. SPECTRO X-LabPro Job Number : 0
SPECTRO:X LabPiD 3 Job Number;.0. Sample Name 3 Date of Receipt 0672372016 10:37:54
Sample Name 1 Date ofReceipt 06/23/2016 10:37:54 Description Tooth-Phys Method Turbo Quant-Pellsts
Description Tooth-Phys Method TurboQuant-Pellets
2 Symbol Eiomant Mot Eoncantation S Error z Symbol Element Nomn.Int Concentration Abs.Error
11 Naz0 Sodum 3068806 7.898 % 0.048 % n ',:“’;%O f;‘;‘;‘,‘,‘;“smm ;aar o o 0049 %
12 Mg0 Magnesium 185.8240 1.346 % 0.016 % e AR EEEl el S = 005 7
13 A203  Aluminum 0.0000 <0.0038 % 0.0 % i1 Siop Sificon 11275626 11371 o 0.007 %
12 sio2 Silicon 917.8023 1.135 % 0.006 % 1= pooE b : ; :
sphorus  35301.1533 18.964 % 0.021 %
15 P205 Phosphorus 43157.1733 2563 % 0.02 % 16 s03 Sulfur 6789.5217 2.592 o% 0.004 o
16  s03 Sulfur 6280.0728 2.675 % 0.003 % : ; : :
17 cl Chiorine 23031385 0.1886 % 0.0003 % L chaine el s e >
19 K20 Potassium 0.0000 <0.0019 % 0.0 % QESsIm g A 3 :
20 cao Calcium 127854417 4373 % 0.04 % 2 & Caleilim 29536100 ' SOERZ % 0042 2
2 £ Saloam S = 00 - 22 Tio2 Titanium 21426 0.00052 % 0.003 %
= apte el : skl 001 23 w205 Vanadium  0.0000 0.0062 % 0.006 %
anadium 0.0000 0.0056 % 0.0056 % 2 20y, enad x
24 Cr203  Chromium 33535 <0.00015 % 0.0 % rominm 2194 ponet & .o 2
25  MnO Manganese 15339 0.00126 % 0.00027 % 23 MoO Manganess :14 6088 g.082 & 0.002 26
5% i oh 5006012 DHIGE o Rl % 26  Fe203  lron 250.0407  0.117 % 0.001 %
27 coo Cobalt 50278 0.00715 % 0.00081 % 27 G0 Cobalt 10:1299 0.0144 W 0.001 X
28 NiO Nickel 6.1256 0.00171 % 0.00008 % 28 Ao Nickel £ 0:0014 i g.002 x
25 cuo Copper 6.0604 0.00102 % 0.00009 % 2. Lo Copper a2 Sauner % Dol »
30 Zn0 Zil 727.3887 0.0722 % 0.0002: % 2 i 2
51 Ey e Pty oo % Tianed o 31 Ga Gallium 37940 0.00037 % 0.000 %
5 Jae G ai il Good Sau0aT iy b P 32  Ge Germanium  0.0000 0.0008 % 0.001 %
33 As203  Arsenic 00000 <0.00005 % 0.0 % 33, As203. Avsenlc 0.0000 0.00011 % 0:002 o
S8 g Solenka G000 -0 0604 i o £ 3¢ se Selenum  0.0000 0.0007 % 0.001 %
35 Br Bromine 538198 0.00022 % 0.00002 % 35 Br Broming 361 0:00014 % 0:001 25
37 Rb20 Rubidium 59752 0.00015 % 0.00002 % 3. R0 Rubldum; B e willez & o002 >
38 S0 Stronti 13111464 0.03113 % 0.00007 % 3 rontium : : :
39 FHn 30000, <0:00005 o : = 3 Y Yitrium 0.0000 0.0002 % 0.001 %
0 z02 Bl 00000 <000014 % 00 o 40  zo2 Zirconium  0.0000 0.00019 % 0.000 %
41 Nb205  MNiobium 0.6564 0.00022 % 0.00006 % 4 Nb20S  MNiobium 0.7519 0.00031 % 0.002 %
42 Mo Molybdenum 3.7817 0.00083 % 0.00006 % 42 Mo Molybdenum  4.4287 0.00071 % 0.001 3
a7 Ag Silver 07397 0.00026 % 0.00018 % 47 Ag Silver 0.8194 0.00022 % 0.000 %
48 cd Cadmium 11757 <0.00020 o 0.0 o 43 Ccd Cadmium 42325 0.00037 % 0.000 %
50 Sn02 Tin 42569 0.00033 % 0.00005 % S0 Sn02 Tin 4.9535 0.00027 % 0.001 %
51 Sb205S Antimony 3.0810 0.00037 % 0.00007 % 51 Sb205 Antimony 3.3082 0.00041 % 0.002 %
52 Te Tellurium 0.0000 <0.00030 L3 0.0 9% 52 Te Tellurium 0.0000 0.00025 % 0.001 %
53 1 lodine 0.0000 <0.00030 ag 0.0 9% &3 I lodine 0.0c000 0.00038 % 0.001 %
55 Cs Cesium 0.0000 <0.00040 % 0.0 % 55 Cs Cesium 0.0000 0.00048 % 0.001 %
56 Ba Barium 0.0000 =0.00020 % 0.0 % 56 Ba Barium 0.0000 0.00015 % 0.001 %
7 La Lanthanum 0.0000 <0.00020 % 00 % 57 La Lanthanum  0.0000 0.00022 % 0.000 %
58 Ce Cerium 0.0000 <0.00020 % 0.0 % 8 Ce Cerium 0.0000 0.00024 % 0.001 %
72 Hf Hafmium 01053 <0.00010 % 0.0 % 72 Hf Hafium 0.2527 0.00015 % 0.001 %
73 Ta205  Tantalum 249536 0.00833 % 0.00019 % 73 Ta205  Tantalum  29.4770 0.0098 % 0.002 %
74 wWo3 Tungsten 555265 0.0156 % 0.00023 % 74 W03 Tungsten 67.9916 0.0132 % 0.000 %
80  Hg Mercury 0.0000 <0.00010 % 0.0 % 80  Hg Mercury 0.0000 0.0002 % 0.001 %
81 Tl Thallium 14687 0.00015 % 0.00002 % 81 Tl Thallium 1.9583 0.00011 % 0.001 %
82  PbO Lead 63662 0.0057 % 0.00004 % 82  PbO Lead 20.1038 0.0181 % 0.001 %
83 B Bismuth 0.0000 <0.00010 % 0.0 % 8 B Bismuth 0.0000 0.00031 % 0.002 %
90  Th Thorium 43762 0.00026 % 0.00003 % %0 Th Thorium 54534 0.00036 % 0.001 %
92 U Uranium 53988 % 0.0 % 92 U Uranium 12.9571 % 0.0 %
<0.0001 0.0004
Sum of concentration 82.85 % Sum of concentration 62.75 %
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Table.5: X-Ray Fluorescence smoker age group (20-40year)

SPECTRO X-LabPro Job Number : 0
Sample Name 1 Date of Receipt Method 06/29/2016 10:30:43
Description Tooth-Phys TurbcQuant-Pellets
z Symbol Element Nom.Int Concentration Abs.Error
11 Na20 Sodium 271.9884 6.3 % 0.064338 %
12 MgO Magnesium  259.5462 1.88 % 0.022839 %
13 Al203 Aluminum o 0.0031 % 0.006858 %
14 Sio2 Silicon 816.561 1.098 % 0.025455 %
15 P205 Phosphorus 33879.14 17.13 % 0.033219 %
16 S03 Sulfur 5303.433 2.223 % 0.007566 %
17 ci Chierine 1966.184 0.1593 % 0.015874 %
19 K20 Potassium o 0.00099 % 0.013786 %
20 Ca0O Calcium 10297.35 35.22 % 0.058947 %
22 Tioz Titanium 1.002003 0.0049 % 0.006379 %
23 V205 Vanadium o 0.00s8 % 0.010069 %
24 Cr203 Chromium 2.81694 0.0039 % 0.019741 %
25 MnO Manganese 3.308841 0.002718 % 0.006959 %
26 Fe203 Iron 206.8743 0.097 % 0.007513 %
27 CoO Cobalt 5.828732 0.019877 % 0.016419 %
28 NiO Nickel 6.058886 0.00169 % 0.005438 %
29 CuO Copper 7.112058 0.0099 % 0.004942 %
30 Zn0 Zinc 655.0136 0.0711 % 0.009631 %
31 Ga Gallium 3.869851 0.00038 % 0.004452 %
32 Ge Gemanium o 0.0003 % 0.013218 %
33 As203 Arsenic 0 0.0094 % 0.020408 %
34 Se Selenium o 0.000S % 0.011091 %
35 Br Bromine 5.952068 0.000225 % 0.01756 %
37 Rb20 Rubidium 6.094704 0.000153 % 0.015259 %
38 SrO Strontium 1713.377 0.0706 % 0.020222 %
39 b 4 Yitrium o 0.00006 % 0.017239 %
40 Zro2 Zirconium o 0.00017 % 0.00246S %
41 Nb205S Niobium 0.563907 0.00033 % 0.014413 %
42 Mo Molybdenum 3.321517 0.0075 % 0.00853 %
47 Ag Silver 0.61452 0.00021 % 0.012272 %
43 cd Cadmium 2.645325 0.0145 % 0.018291 %
S0 Sn02 Tin 4.295599 0.0002% % 0.005701 %
51 Sb205 Antimony 3.157832 0.0037 % 0.011854 %
52 Te Tellurium o 0.00028 % 0.012858 %
S3 1 lodine o 0.0027 % 0.015442 %
55 Cs Cesium o 0.0027 % 0.002111 %
56 Ba Barium o 0.0002 % 0.008778 %
57 La Lanthanum o 0.0022 % 0.009378 %
58 Ce Cerium o 0.0018 % 0.010365 %
72 Hf Hafnium 0.18954 0.00018 % 0.019953 %
73 Ta205 Tantalum 2364451 0.0789 % 0.015823 %
74 w03 Tungsten 55.45568 0.0143 % 0.015046 %
80 Hg Mercury o 0.0018 % 0.008784 %
81 TI Thallium 1.4687 0.00014 % 0.008636 %
a2 PbO Lead 9247743 0.0282 % 0.009078 %
83 Bi Bismuth o 0.00018 % 0.003691 %
90 Th Thorium 4.090064 0.00028 % 0.001741 %
92 u Uranium 9.71784 0.00013 % 0.009135 %
Sum of concentration 64.45 %

Table.6: X-Ray Fluorescence smoker age group (40-60years)

SPECTRO X-LabPro Job Number: 0
Sample Name 2 Date of Receipt Method 06/29/2016 10:30:43
Description Tooth-Phys TurboQuant-Pellets
£ Symbol Element Nom.Int Concentration Abs.Error

1" Na20 Sodium 2642173 5.9 % 0.066308 %
12 MgO Magnesium 3216716 2.33 % 0.030171 %
13 Al203 Aluminum 0 0.0026 % 0.002356 %
14 Sio2 Silicon $07.29 1.052 % 0.007197 %
15 P20S Phosphorus 3234683 15.21 % 0.034191 %
16 S03 Sulfur 5892.704 2.151 % 0.007487 %
17 cl Chiorine 2184649 0.1577 % 0.017584 %
19 K20 Potassium 0 0.00057 % 0.021312 %
20 Ca0 Calcium 8929.051 29.54 % 0.060806 %
22 TIO2 Titanium 1.113337 0.0043 % 0.019425 %
23 V205 Vanadium 0 0.0061 % 0.007303 %
24 Cr203 Chromium 3.129933 0.0085 % 0.018884 %
25 MnO Manganese 3.67649 0.00302 % 0.015679 %
26 Fe203 Iron 164.2198 0.077 % 0.019279 %
27 CoO Cobalt 6.476369 0.0458 % 0.003713 %
28 NiO Nickel 6.732095 0.00151 % 0.020319 %
29 Cu0 Copper 7.902286 0.00077 % 0.01373%9 %
30 Zn0 Zinc 727.7929 0.0218 % 0.014231 %
31 Ga Gallium 4299834 0.00045 % 0.002927 %
32 Ge Gemanium 0 0.0006 % 0.010715 %
33 As203 Arsenic 0 0.00133 % 0.014347 %
34 Se Selenium 0 0.0007 % 0.015018 %
35 Br Bromine 6613409 0.000223 % 0.019898 %
37 Rb20 Rubidium 6.771893 0.000171 % 0.003279 %
38 Sr0 Strontium 1803.753 0.0852 % 0.013426 %
39 R Yitrium 0 0.0004 % 0.009693 %
40 Zro2 Zirconium 0 0.00018 % 0.013366 %
41 Nb205 Niobium 0.626564 0.00075 % 0.009023 %
42 Mo Molybdenum 3.690575 0.0099 % 0.008783 %
47 Ag Silver 0.6828 0.00019 % 0.011372 %
438 Cd Cadmium 2.93925 0.0275 % 0.01412 %
50 Sn02 Tin 4772888 0.00028 % 0.01359 %
51 Sb205 Antimeny 3.508703 0.0042 % 0.008527 %
52 Te Tellurium 0 0.00027 % 0.011491 %
53 1 lodine 0 0.0031 % 0.014513 %
55 Cs Cesium 0 0.0033 % 0.015981 %
56 Ba Barium 0 0.00018 % 0.008031 %
57 La Lanthanum 0 0.0026 % 0.001367 %
58 Ce Cerium 0 0.0021 % 0.003464 %
72 Hf Hafnium 0.2106 0.002 % 0.01749 %
73 Ta205 Tantalum 26.27168 0.0877 % 0.010575 %
74 W03 Tungsten 6161742 0.0132 % 0.013138 %
80 Hg Mercury 0 0.002 % 0.005179 %
a1 Tl Thallium 1.631889 0.00012 % 0.018912 %
82 PbO Lead 10.27527 0.0382 % 0.008616 %
83 Bi Bismuth 0 0.0002 % 0.011393 %
S0 Th Thorium 4.544515 0.00033 % 0.014628 %
92 u Uranium 10.7976 0.0002 % 0.021512 %

Sum of concentration 56.77 %
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b. Smoker Teeth

X-Ray fluorescence (XRF) was used to analyze the
elements contents in smoker teeth. Tables (5) to (7)
illustrate the elements that have been identified in the
smoker teeth by XRF. It has been identified many
elements such as Ca, Na, P, Fe, Mg, Pb, Cd, Cr and Co.
The proportion of these elements varies with ages,
where the highest concentration of toxic elements Co,
Cd and Pb appearance in older smokers compared with
younger. While the concentration of trace elements Ca,
Na, P and Fe decrease with age. The comparison
between smokers and non-smokers tell us that the
trace elements decrease in smokers relative to the non-
smokers. While the toxic elements Co, Cd and Pb
increase in smoker compare with non-smoker. In
addition, other elements were appeared at high
concentration in smokers teeth compared with non-
smokers such as As, Sr, Mo and Nb. These results agree
with Abdul [M. Abdul et al, 2015].

Table.7: X-Ray Fluorescence smoker age group
(>60year)

SPECTRO X-LabPro Job Number : 0

Sample Name 3 Date of Receipt Method 06/25/2016 10:30:43
Descngton Tooth-Phys TurboQuant-Pellets
Symbol Element Momn.Int Concentration Abs.Error
11 MNa20 Sedium 2436853 5.2 % 0.051565 %
12 MgO Magnesium 5827633 4.2212 % 0.026332 %
13 Al203 Aluminum O 0.0023 % 0.012844 %
14 Sio2 Silicon 9866173 1.021 b 0.018758 %
15 P205 Phosphorus 29012.8 1223 % 0.021046 %
16 S03 Sulfur 58402831 2.115 % 0.018132 %
17 Cl Chlorine 2164.284 0.1543 % 0.016791 %
19 K20 Potassium O 0.00032 % 0.004201 %
20 Ca0 Calcium 7834408 2173 % 0.055543 %
22 TIO2 Titanium 1.12439 0.0038 % 0.017024 %%
23 V205 Vanadium O 0.0066 % 0.019404 3%
24 Cr203 Chromium 2.81€84 0.0126 b 0.005875 %%
25 MnO Manganese 127825 0.0105 % 0.017487 %
26 Fe203 Iron 1194326 0.056 9% 0.009037 %
27 CoO Cobalt 8.380173 0.0626 % 000558 %%
28 NiO Nickel 7641838 0.0013% % 0.005375 %5
28 CuO Copper 7486376 0.0055 % 0.007334 %
30 Zn0 Zinc 7540833 0.0155 % 0.012235 %
31 Ga Gallium 3319725 0.00066 %% 0.006919 %
32 Ge Gemanium 0 0.0008 £ 0.005049 %6
33 As203 Arsenic O 0.00156 % 0.020778 %
34 Se Selenium 0 0.0009 %6 0.003884 3%
35 Br Bromine €.84408 0.000221 % 0.010873 %
37 Rb20 Rubidium 7.110422 0.000179 % 0001762 %
38 Sr0 Strontium 2883.427 0.0846 % 0016288 %
39 Y Yitrium O 0.0003 % 0019381 %
40 Zo2 Zirconium 0 0.00019 % 0019826 %
41 Nb205 MNiobium 0.6578%2 0.0002% % 0.002036 %6
42 Mo Molybdenum 3875103 0.0144 % 0.008381 %
47 Ag Silver 0.71624 0.00018 5 0020682 56
43 Cd Cadmium 3702455 0.04e3 % 0.008378 %
S0 Sn02 Tin 4334298 0.00026 % 0.006999 %
51 Sb205 Antimony 2.89468 0.0054 % 001543 %
52 Te Tellurium O 0.00021 % 0.004763 %
53 | lodine 0 0.0037 % 0.015931 %
55 Cs Cesium 0 0.0035 % 0.008646 %%
56 Ba Barium O 0.00014 % 0.0125%6 %
57 La Lanthanum 0 0.0029 %6 0.005012 %6
58 Ce Cerium O 0.0021 % 001071 %
72 Hf Hafnium 0.22113 0.0021 ) 0.013529 %
73 Ta205 Tantalum 2579238 0.0883 % 0013137 %
74 W03 Tungsten 52.49263 0.0122 % 0.010363 %6
a0 Hg Mercury O 0.0025 % 001072 %
31 Tl Thallium 1713483 0.0001 % 0.018368 %%
82 PbO Lead 17.59082 0.0575 9% 0.011257 %
83 Bi Bismuth O 0.00023 ) 0014358 %
80 Th Thorium 4771741 0.00038 E 0.008724 %%
92 u Uranium 1133748 0.00021 55 0009649 5%
Sum of concentration 47.25 %

c- Relative statistics of elements Concentration

This section studies a comparison for trace elements
(Ca, P, and Na) with toxic elements concentration in
total enamel teeth for group samples which classified

according to age. Figure (4) as shown the relative
statistics of elements concentration in nonsmoker
group .This figure illustrates that the maximum
concentration of (Ca, P, and Na) belong to age group
(20-40 year). Also, it can notice from this figure, the
presence of lead concentration increase with age.
These results are agreement with I. Baranowska [I.
Baranowska et al, 2004].
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Fig.4 Concentration of elements in nonsmoker group at
different ages

Figure (5) shows the concentration of trace elements
and toxic elements cobalt, cadmium and lead in smoker
group at different ages. The maximum concentration of
toxic elements Co and Cd were found in age group
(above 60 year). The present of toxic elements in
smoker due to some habit like smoking or drinking
alcohols are more as compared to normal [M. Abdul et
al, 2015]. Also the trace elements decreasing with age,
furthermore, it is also observed that the trace elements
concentration is almost higher in nonsmoker as
compared to smoker.
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Fig.5 Concentration of elements in smoker teeth at
different ages

Conclusions

The elements constituents of deciduous and
permanent teeth samples were analyzed by X-ray
fluorescence technique (XRF). This method has a high
sensitivity and its detection for the concentration of
elements in tooth sample in a very short time.
Distinguishing between deciduous and permanent
teeth was possible by exploiting the change in the
concentration ratios of the matrix constituent elements
Ca and P, and the non-matrix elements. Also, in results
compare between smoker and nonsmoker permanent
teeth. The concentration of matrix elements (Ca and P)
and non-matrix elements (Na and Fe) increase in
nonsmoker teeth while (Mg and Pb) increase in smoker
teeth. The concentration of several atomic elements in
teeth sample changes with ages.

It probes the presence of the several atomic elements
such as Ca, P and Na decrease with age. While a
positive correlation for Pb and Mg content in teeth
samples with age was noticed. Thus, the concentrations
of most toxic elements were significantly in the smoker
group. The maximum concentrations of toxic elements
such as Pb, Cd and Co were found in older age (above
60 year). Also, the minimum concentrations of trace
elements Ca, P and Na in this aged groups.

Reference

J. Robinson, E. Frame, and G. Frame (2004), Undergraduate
Instrumental Analysis, Sixth Edition, Taylor & Francis.

B. Beckhoff, B. Kanngief3er, N. Langhoff, R. Wedell and H.
Wolff (2007), Handbook of Practical X-Ray Fluorescence
Analysis, Springer.

M. Shackley (2010) X-Ray Fluorescence Spectrometry (XRF)
in Geoarchaeology, Springer.

H. Thomas (1995), Root formation, Int J Dev Biol, vol.39, pp.
231-7.

P. Gongalves, E. Sallum, A. Sallum, M. Casati, S. Toledo and F.
Junior (2005), Dental cementum reviewed: development,
structure, composition, regeneration and potential
functions, Braz. J. Oral Sci., Vol.4, no.12, pp.651-658.

L. Geros, A. Ishikawa, K. Sakae, E. Geros (2009),
Fundamentals of hydroxyapatite and related calcium
phosphates, Advanced biomaterials: fundamentals,
processing and applications, Wiley, New York, pp. 19-52.

F. Brudevold, R. Soremark (1967), Chemistry of the mineral
phase of enamel. In: Miles AEW (ed) Structural and
chemical organization of teeth, Academic Press, London, pp.
247-277.

0. Ciftci, M. Gunday, M. Caliskan, H. Gullu, A. Guven and H.
Muderrisoglu (2013), Light cigarette smoking and vascular
function, Acta Cardiologica, vol.68, pp.255-61.

M. Albandar, C. Streckfus, M. Adesanya, D.Winn (2000), Cigar,
pipe, and cigarette smoking as risk factors for periodontal
disease and tooth loss, Journal of Periodontology, vol.71,
pp.1874-81.

M. Pereira, J. Carvalho, F.Peres, M. Fernandes (2010),
Simultaneous effects of nicotine, acrolein, and
acetaldehyde on estrogenic induced bone marrow cells
cultured on plasma-sprayed titanium implants,
International Journal of Oral and Maxillofacial Implants,
vol.25,pp.112-22.

G. Johnson and J. Guthmiller (2007), The impact of cigarette
smoking on periodontal disease and treatment,
Periodontology, vol.44, pp.178-94.

H. Chen, N. Liu and E. Lu (2013), Smoking, radiotherapy,
diabetes and osteoporosis as risk factors for dental implant
failure: a meta-analysis, Plops ONE, vol.8, pp.71955.

I. Baranowska, L. Barchanski, M. Bak, B. Smolec, and Z. Mzyk
(2004), X-Ray Fluorescence Spectrometry in
Multielemental Analysis of Hair and Teeth, Polish ].
Environ. Stud., vol. 13, no. 6, pp. 639-646.

M. Abdul, A. Mohammed, M. Mohamed, S. Sami and Y.
Habibullah (2015), Detection of toxic elements using laser-
induced breakdown spectroscopy in smokers and
nonsmokers  teeth and investigation of periodontal
parameters, Appl. Opt., vol. 54, no. 24, pp. 7342-7349.

2009] International Journal of Current Engineering and Technology, Vol.6, No.6 (Dec 2016)



