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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.  

Smoker teeth, non-
smoker teeth, LIBS. 

 
 
Article info. 
Received: Oct. 2016
Accepted: Dec. 2016
Published: Mar. 2017

  

  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 ln	 	

	
     (1) 

 
     where ji is the intensity of the 
spectral line of the transition from 
level j to , j  is the wavelength, j  is 
the transition probability, j is the 
statistical weight, j is the energy 
value of higher level, and exc is the 
excitation temperature. Thus, a plot of 

ln versus the energy of the 

upper level  yields a straight line 
called Boltzmann plot. Its slope equals 
(− exc 

−1) [14, 15].  

	 	 /            

                                                          (2) 
where  and  are the upper level 
energies of neutral and single ionized 
transitions, ion 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 



Iraq

 

bou
app
ther
surf
Deb

 
     w
spac
is t
show
func
(Te)
(ass
plas
be c
 

ω

Fig.
(b) p
      
b. L
     T
plas
surf
exp
Fig.
Nd:
10 H
wav
(300
is fo

qi Journal of P

undary charg
lied elec
refore dev
faces, over 
bye length 

where εₒ i
ce, kB the B
the electro
wed that t
ction of th
), and the p
suming sing
sma frequen
calculated b

		

.1: Some of t
permanent te

LIBS system
The optica
sma ablate
faces were
erimental sy
. 2. The sy
 YAG laser
 Hz pulse re
velength 10
0- 800 mJ)
ocused on th

Physics, 2017

ge sheath th
trical pot
elop most
a distance λ

 and de

              

is permittiv
Boltzmann c

nic charge
the Debye 
he electron 
plasma den
gly charged
ncy of elect
by [16]: 

               

teeth sample
eeth age gro

m 
al emission
ed from te
e recorded 
ystem whic
ystem cons
r with 10 ns
epetition fre
064nm. Diff
) were use
he surface o

7                     

hickness. Th
tential w
ly near th
λD, called th
fined as [16

                (3

vity of fre
onstant and

e. It can b
length is 
temperatu

nsity ne ≅
d ions). Th
tron ( p) ca

                (4

es using in th
oup (40-60 ye

n spectra 
eeth samp

using LIB
ch is shown
sists of pu

  s duration a
equency, w
ferent energ
ed laser bea
of the sampl

                     

152

he 
will 
the 
the 
6]: 

3) 

ee 
d e 
be 

a 
ure 

ni 

he 
an 

4) 

  
sp
th

w

E
a.
  

de
(B
so
di
th
su
T
so
sa

 

his work (a) 
ear) (c) perm

for 
ples 
BS 

n in 
ulse  
and 

with 
gies 
am    
le  

 
lo
co
fi
di
sa
Sp
ob
pl
pr
ov

                      

  The numb
phere (
he equation 

1.72

where Te in
 

Experiment
. Samples p
  The teeth 

ental cent
Baghdad, Ir
odium hyp
istilled wate
he contam
urface and d
hen they w
olution. Fig
amples usin

permanent 
manent teeth

ocated at 
onverging 
ber adjust
irected at 
ample whe
pectroscopi
btained from
lasma spec
ressure. Ea
ver a 150-1

      Vol.15, N

ber of part
 can be ca
[16]: 

10     

eV and ne 

al part 
preparation

samples w
er in Al

raq). They w
pochlorite 
er for 10 mi
ination fro
dried at roo

were preserv
g. 1 shows 
ng in the pre

teeth age gro
 age group (

the focal 
lens (f=10

ted at 45
5 cm dist
re plasma 
ic infor
m the laser 
ctra in air, 
ch spectrum
000 nm wav

No.32, PP. 150

ticles in De
alculated u

                   

in cm-3. 

n 
were supplie
lfurat Hos
were washe

diluted 
in to remov
om the o
om tempera
ved in form

some of t
esent work. 

roup (20-40 y
(>60 year). 

length of
0 cm). Op
° with b
tance from
was gener

rmation 
r induced ta

at atmosp
m was reco
velength ran

0-159 
 

ebye 
using 

 (5) 

d by 
pital 

ed in 
with 

ve all 
outer 
ture. 

malin 
teeth 

year) 

f the 
ptical 
eams 

m the 
rated. 

was 
argets 
pheric 
orded 
nge. 



qi Journal of P

.2: Schemati

sults and di
Non-smoker
Fig. 3 show
lthy teeth fo

s than 30 ye
00 nm at 
rgies varied

. 3: LIBS sp
rgies. 

Smoker teet
The LIBS 
oker teeth 

are depicte
up (20-40 

males res
ments peaks

Physics, 2017

ic of the exp

iscussion 
r teeth  

ws LIBS spe
for male and
ear in spectr

different 
d from 30

pectra of hea

th 
spectra 

samples w
ed in Figs. 

year), for
spectively. 
s were iden

7                      

erimental se

ectrum of th
d female ag
ral range 15

laser pul
0-800 mJ. 

althy enamel

of differe
were record

4 and 5, ag
r males an

Differe
ntified in th

a 

                     

153

etup for the l

he 
ges 
50-
lse 

It 

ca
th
in
to
ex
in
fo

l teeth for (a

ent 
ded 
age 
nd 
ent 
he 

sm
an
an
nm
lin
m
fe

                     

laser induced

an be obser
he atomic 
ncreasing la
o the increa
xcited at hig
ntensity of t
or female co

a) male and 

moker teeth
nd Co, with
nd Fe) with
m waveleng
nes of Pb, 

more carried
emales. 

            Ali A-

d breakdown

rved that th
lines in

aser energy,
se in the nu
gh laser ene
the atomic 
ompared wit

(b) female a

h samples, s
h trace elem
hin the ran
gth. The at
Cd and Co
d in males 

-K. Hussain, 

n spectroscop

he intensitie
ncreased 
, it may be 
umber of at
ergies. Also
lines incre

ith male. 

at different l

such as Pb
ments (Ca, P
nge (150–1
tomic trans

o elements w
 compare 

b 

et al. 

py. 

es of 
with 
due 

toms 
o the 
ased 

 
laser 

, Cd 
P, Na 
000) 
ition 
were 
with 



Iraq

 

Fig

Fig.

     T
elem
sam
in F
resp
year
thes
calib
elem
con

qi Journal of P

g.4: LIBS sp

.5: LIBS spe

The fingerp
ment presen

mples was a
Figs. 6 and 7
pectively, w
r). The sp
se element
bration and

ments. It 
centration o

Physics, 2017

pectra of smo

ectra of smok

print wavele
nt in the s
also identifi
7 for males
with age g
pectral mar
ts were u
d quantificat

was foun
of toxic elem

7                     

oker enamel 

ker enamel t

ength of ea
smoker tee
ied as show
 and female

group (40-6
rker lines 
used for th
tions of the
nd that th
ments Cd, C

                     

154

l teeth for ma
energies.

 

teeth for fem
energies.

 
ach 
eth 
wn 
es, 
60 
of 

the 
ese 
he 
Co 

an
in
el
w
to
in
to
by
sm
sm

 

                      

ale group (2

male group (2

nd Pb pres
ncrease wit
lements Ca

with age. Th
oxic elemen
n the smoke
o adsorption
y periodon
mokers, wh
moking [17]

      Vol.15, N

0-40 year) a

20-40 year) a

sent in the 
th age, w

a, P, Na an
he concentr
nts were sig
er group. T
n of these 
ntal teeth 
hich presen
]. 

No.32, PP. 150

 
at different la

 
at different l

e teeth sam
while the t
nd Fe decr
rations of m
gnificantly 
This results 

toxic elem
tissue for 

nce in pas

0-159 
 

aser 

laser 

mples 
trace 
rease 
most 
high 
due 

ments 
the 

ssive 



Iraq

 

Fig

Fig.

     F
mea
for 
(abo
resp
con
as P

qi Journal of P

g.6: LIBS sp

.7: LIBS spe

Figs. 8 and
an LIBS si
elements in
ove 60 year
pectively. 
centrations 

Pb, Cd and 

Physics, 2017

pectra of smo

ectra of smok

d 9 are ch
ignal intens
n smoker tee
r) for males

The 
of toxic e
Co were fo

7                      

oker enamel 

ker enamel t

harts plot 
sity record
eth age grou
 and female

maximu
lements suc
ound in old

                     

155

l teeth for ma
energies.

 

teeth for fem
energies.

 
of 

ded 
up 
es, 
um 
ch 

der 

ag
th
el
gr
in
an
pe

                     

ale group (4

male group (4

ge above 60
he minimum
lements Ca
roup. It sig
ncrease of 
nd these m
eriodontitis 

            Ali A-

0-60 year) a

40-60 year) a

0 year, smo
m concentr
a, P and N
nificant risk
clinical at

ay be usefu
high-risk g

-K. Hussain, 

 
at different la

 
at different l

oking male,
rations of t
Na in this 
k factor for
ttachment 

ful indicator
groups [18].

et al. 

aser 

laser 

 and 
trace 

age 
r the 
loss, 
rs of 
 



Iraq

 

Fi

Fig

     A
(XR
con
non
rela
elem
teeth

qi Journal of P

ig.8: LIBS sp

g.9: LIBS sp

Also, the 
RF) used to 
centration 

nsmoker tee
ative statistic
ments cobal
h at diffe

Physics, 2017

spectra of sm

pectra of smo

X- Ray 
investigate

in sm
eth. Fig. 1
cs concentr
lt and cadm

erent age 

7                     

moker ename

oker enamel 

fluorescen
 the elemen

moker an
0 shows th

ration of tox
mium smok
groups. Th

                     

156

el teeth for m
energies.

 

l teeth for fem
energies.

 
nce 
nts 
nd 
he 

xic 
ker 
he 

m
el
gr
to
so
al
no

                      

male group (>

male group (

maximum 
lements Co 
roup (above
oxic elemen
ome habit 
lcohols are
ormal [17].

      Vol.15, N

>60 year) at 

(>60 year) a

concentrati
and Cd we

e 60 year). 
nts in male 
like smoki

e more as

No.32, PP. 150

 
different las

 
at different la

ion of t
ere found in

The presen
smoker du

ing or drin
s compared

0-159 
 

ser 

aser 

toxic 
n age 
nt of 
ue to 
nking 
d to 



Iraq

 

     F
of 
and 
to a
     T
con

     F
eval
the 
usin
the 
freq

qi Journal of P

Fig. 10:

Fig. 11 sho
calcium co
nonsmoker

age groups. 
The m
centration 

Fig. 11: C

Finally the 
luated using
electron de

ng Saha-Bo
Debye 

quency fp a

C
on

ce
n

tr
at

io
n

 %

0

10

20

30

40

50

C
on

ce
n

tr
at

io
n

 %

Physics, 2017

: Concentrat

ws the rela
oncentration
r human tee

maximum 
belongs to

Concentratio

plasma te
g Boltzman
ensity can b
oltzmann E

length (λ
nd number 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0

0

0

0

20

7                      

tion of eleme

ative statisti
n in smok
eth accordin

calciu
o nonsmok

n of Ca in sm

emperature 
nn Eq.(1) an
be calculat

Eq. (2). Al
λD), plasm

of particl

20-40 year

Co
Cd

0-40 year

                     

157

ents in smok
 

ics 
ker 
ng 

um 
ker 

ag
ot
ob
co
no
 

 

moker and n
 

is 
nd 
ted 
lso 
ma 
les 

in
us
  

pa
hu
at

40-60 yea

Age (ye

40

Age (year

                     

ker teeth at d

ge group (2
ther groups
bserved 
oncentration
onsmoker a

nonsmoker a

n Debye sp
sing Eqs. (3
  Table 1

arameters c
uman teeth 
t different

r

abo

ear)

0-60 year

r)

            Ali A-

different age

20-40 year)
s. Furtherm

that t
n is almo
as compared

at different a

phere (ND) w
3 - 5) respec
1 shows 
calculation 
samples, m

t energy 

ove 60 year

above 60

Sm

N

-K. Hussain, 

 
e groups. 

) compare 
more, it is 
the calc
ost higher
d to smoker

age groups. 

were calcul
ctively. 

the pla
for nonsm

male and fem
in mJ. 

0 year

moker

Nonsmoker

et al. 

with 
also 

cium 
r in 
. 

lated 

asma 
moker 
male, 

The 



Iraqi Journal of Physics, 2017                                                                       Vol.15, No.32, PP. 150-159 
 

 158

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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