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Abstract Key words 
     In this work, the elemental constituents of smoker and nonsmoker 
teeth samples of human were analyzed by Laser induced breakdown 
spectroscopy method (LIBS). Many elements have been detected in 
the healthy teeth samples, the important once are Ca, P, Mg, Fe, Pb 
and Na. Many differences were found between (female and male) 
teeth in Ca, P, Mg, Na and Pb contents. The concentrations of most 
toxic elements were found significantly in the smoker group. The 
maximum concentrations of toxic elements such as Pb, Cd and Co 
were found in older male age above 60 year. Also, it was found that 
the minimum concentrations of trace elements such as Ca, P and Na 
exist in this age group. From these results it is clear that the LIBS 
technique is a powerful tool for fast identification of teeth problems.  
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  الليزرب نھيار المحتثلاطيف االمدخنين باستخدام عدم لمدخنين ولالاسنان البشرية  توصيف

 اسماء ناجي احمدعلي عبدالكريم حسين، كاظم عبدالواحد عادم، 

  العراق قسم الفيزياء، كلية العلوم، جامعة بغداد، بغداد،

  الخلاصة
تم في ھذا البحث تحليل مكونات عناصر نماذج من اسنان المدخنين وغير المدخنين بأستخدام طيف الانھيار      

العديد من العناصر في الاسنان السليمة اھمھا الكالسيوم والفسفور ثم تشخيص . (LIBS) المحتث بالليزر
ايجاد العديد من الفروقات في محتوى عناصرالكالسيوم تم . والمغنيسيوم والحديد والرصاص والصوديوم

وجد ان التركيز لاغلب العناصر . والفسفور والمغنسيوم والصوديوم والرصاص لاسنان الذكور عن الاناث
مثل الرصاص  اكثر نسبة لتركيز العناصر السامة. ف بشكل واضح في الاشخاص المدخنينالسامة يختل

كذلك كانت اقل نسبة للعناصر . سنة 60مجموعة الذكور ضمن العمر اكبر من والكادميوم والكوبلت كانت في 
ھي  LIBSان يظھر بوضوح من ھذه النتائج . الاساسية الكالسيوم والفسفور والصوديوم في نفس المدى العمري

 . طريقة فعالة للتشخيص السريع لمشاكل الاسنان
  

Introduction 
     Light emitting plasmas have been 
studied earnestly since the 1920s, and 
laser induced plasmas since 1960 [1]. 
Laser induced breakdown spectroscopy 
(LIBS) technique based on analyzing 
of atomic emission spectroscopy for 
excited atoms and ions of the elements 
in plasma formed on the surface of the 
samples by means of focused pulsed 
laser. There are several new 
developments of the LIBS method that 
are reported elsewhere [2]. The main 

benefit of the LIBS technique is that it 
can be used for direct chemical 
analysis without difficult chemical 
preparation provided for the samples. 
It has a very high sensitivity, reach 
parts per million [3]. This method is 
used to detect corpse’s bones and 
humans’ fossils. It is also used to 
detect backgrounds characteristic like 
age, sex, and statues of bodies [4]. This 
method is used in dentistry to detect 
the caries parts of a tooth, and also in 
teeth modification. Spectral analysis 
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plasma glow made by pulse laser can 
be used safely and accurately to 
monitor the occurrence of cancer [5]. 
  
Human teeth 
     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 [6]. The crystalline enamel of a 
tooth is a biological composite 
containing 4% water, 95% mineral 
(carbonated hydroxyapatite), and 1% 
organic matter [7]. These components 
are not evenly distributed through the 
tissue. Hydroxyapatite is a mineral 
with an ideal composition of Ca10 

(PO4)6 (OH)2. The carbonated 
hydroxyapatite in tooth enamel is 
crystalline in nature. A large number of 
trace elements in the range below the 
parts per billion concentrations are 
encountered in calcified tissues. The 
excess or deficiency of trace elements 
often provides information about 
diseased states [8].  

 
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 [9]. 
Studies have also demonstrated the 
detrimental effects of smoking on oral 
health. A clinical study [10] 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-implant interface, 
the deleterious effects of tobacco 
smoke reflects a series of direct and 
indirect systemic and local effects on 
bone metabolism [11]. 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 [12]. A recent meta-
analysis on the subject [13] observed 
that smoking was associated with a 
higher risk of dental implant failure. 

Some qualitative analysis of plasma 
parameters 
     The plasma parameters electron 
temperature and electron density can 
be calculated according to Boltzmann 
equation and Saha-Boltzmann equation 
respectively [14, 15].  

ln ൬
ூೕ೔ఒೕ೔
஺ೕ೔௚ೕ

൰ ൌ െ
ாೕ

௞ ೐்ೣ೎
൅ ln	ሺ ௛௖	ே೚

ସగ	௎ሺ்ሻ
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     where ܫji is the intensity of the 
spectral line of the transition from 
level j to ݅, ߣj݅ is the wavelength, ܣj݅ is 
the transition probability, ݃j is the 
statistical weight, ܧj is the energy 
value of higher level, and ܶexc is the 
excitation temperature. Thus, a plot of 

ln ൬
ூೕ೔ఒೕ೔
஺ೕ೔௚ೕ

൰versus the energy of the 

upper level ݆ܧ yields a straight line 
called Boltzmann plot. Its slope equals 
 excܶܭ−)

−1) [14, 15].  
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                                                          (2) 
where ݉ܧ and ݆ܧ are the upper level 
energies of neutral and single ionized 
transitions, ܧion is the ionization energy 
and ݊݁ is the electron density. 
     Also the Debye length is the 
measure of the penetration depth of the 
external electrostatic fields, i.e. of the 
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parameters of smoker human teeth 
don’t calculate due to not appearance 

enough number of peek needed for 
calculation.  
 

Table 1: Some qualitative analysis of plasma parameters for Ca element. 
parameters Age Sex No smoker 

Te (eV) 

20-40 
Male 1.580 

Female 2.530 

40-60 
Male 1.530 

Female 2.520 

Above 60 
Male 1.510 

Female 2.480 

ne *1017(cm-3) 

20-40 
Male 6.230 

Female 6.180 

40-60 
Male 5.170 

Female 4.880 

Above 60 
Male 5.110 

Female 4.550 

λD  (nm) 

20-40 
Male 373 

Female 473 

40-60 
Male 403 

Female 532 

Above 60 
Male 402 

Female 546 

fp (Hz)*1011 

20-40 
Male 2.246 

Female 2.237 

40-60 
Male 2.046 

Female 1.988 

Above 60 
Male 2.034 

Female 1.920 

ND 

20-40 
Male 135.060 

Female 274.771 

40-60 
Male 141.278 

Female 307.379 

Above 60 
Male 139.328 

Female 310.782 
 
Conclusions 
     LIBS technique can be used for 
direct chemical analysis for tooth 
samples without performing a sample 
preparation. The method has a high 
sensitivity and its detection for the 
problems of a tooth sample in a very 
short time. Distinguishing between 
nonsmoker and smoker teeth was 
possible by exploiting the change in 
the intensity ratios of the spectral lines 
of the matrix constituent elements Ca 
and P, and the non-matrix elements in 
the LIBS spectra of tooth sample. 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 male age (above 60 
year). Also, the minimum 
concentrations of trace elements Ca, P 
and Na in this aged groups.  
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