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Application of Laser Induced Breakdown Spectroscopy to hair elements
analysis

Mahboobeh Aghababaei Nejad\&v, Seyyed Jabbar Mousavi', Seyyed Mohammad Reza Darbani'®", Mahmood
Soltanolkotabi', A. Eslami MajdY

\Quantum Optics Research Group, University of Isfahan, Isfahan
"Nuclear Science and Technology Research School, Atomic Energy Organization of Iran, Tehran
VOptics and Lasers Science and Technology Research Center, Malek Ashtar University of Technology, Isfahan

Abstract- In this study, elements in the hair of r4 Isfahanian and Tehranian women was determined by laser induced

breakdown spectroscopy to investigate the reason of high velocity growth, trichoptilosis and the effect of dye colors on the
hair. Results showed that Nitrogen, Hydrogen and Oxygen levels of colored hairs are more than natural hairs. In addition,
direct relations between Calcium level and hair velocity growth and also Sodium level with the trichoptilosis were observed.

Keywords: Laser Induced Breakdown Spectroscopy, Hair velocity growth, Hair, Trichoptilosis.

VY'Y
DSl g yiwd BB WWW.OPSILIN Colu (o a5 cuwl Jliel glls 90 0 dlis )


http://www.opsi.ir/
http://opsi.ir/article-1-742-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

oals ooy lad VS o el pleaz o)le b

iz
o
<
>
0}
=
[V}
[
(]
=
Convex lens |
Computer
spectrometer z
processing
Laser beam
Fiber
Plasma plum \L
sample

ool pleaez o)lg sl IS

Jelod g Sy Y
YOUSS o ol sgzae yolis olen 4 g0 o95 li
Dl go 0 S 5l aS e len (ol 0uls ools L

@f)‘d“oba’l”l"‘5°°5)pm“l§9ﬁ)bdl£faﬁs
LV oVls s Slos e cliios

60000 -
40000 —

20000 -

12000

Intensity (a.u.)

8000 <

4000 —

0l
200 300 400 500 600 700 800 200
Wavelength (nm)

9o £ ol Y UK

V Jgaz jo el glull polie b blis slazge Jobo
b ol 53 ON JsSlge (sloen ot Cou s
ol S 53k 5 56 YAD D ~FAAY-NM s
bl Sa g o3l bl odle 3505 5 oS

20,5 odmlivne ek

YEYA

g g olKls VYAV oLy YO b VY

doddio —)

Cdls sloaazli jI Sy e )0 Sgzge polie (lie
booe @85 Cundg b))l 5 Wlgioe g 0o Az
ole sleole gloysg, [V ]ege soliul gy Sus;
ol oS i JoSse jlisle cdél as el g 508
a b IV g¥laies o aslllas ml, slo b, wisS oo
9 oloyee plelis oUly Jols LIBS gLl S p 4
Gilwoslel & LS pas (pizmen g Sraie Wi @y
Sl Gy opl 5l eolainl aey jo ol g

[f-flecl 48 5 & g0 (Soieon slacdl anlhas

K, Mg, Ca, S,N,0, H, C W, Sn uile (5 oblic 3l 50
Sh, Pb, Hg, Na, Fe, Cu, Zn, Mg, B, Al, Mo, Au, Sr,
aboly 4 gl 5l S5 a5 sas Sis Se, Ag, P, |

o 3 DY VIsist o ol 5o g5, 2 (ame Ll
As, Ni (5,550 polic Zn 4 Ca Mg CU 3¢5 ,olic
2 cd¥s byl 825 a5 0og pas yolie P g Cd, Hg

TAL s )ls asess 1o ilowm b g (awome Wlols Laly

slosliiwl b go ;0 09290 yolic (cwyp 4 adlllae ol 1o
Geins ol S el oad awislo, LIBS b,
Sy IOl Jalse ge S5, 3l S s g
ol 0 o0litl 55 50 sloul 5 5o 05,

o3l loazr 3 dlge —Y

O el sl Sl 9 Sledal (U5 o 5l 9o w903 YO
5 035 09,5 90 4 ladiged b (5)5] pex Lhegh
V65 sanaind Gib Grizred (Wud el (ol
a5 VoCM 250> 45 g0 Lol 4 bgaye (590 diged
@ S g 9o Vb A bgiye diged Vg Wog 03,5
spbedy el QB L3l lea 4y bgiye ady,
oiles] @l o e 5l (36 sy 35l 655l
25,8 &g o3l plasiasl 51 s s S aigas

L NA:YAG 5 Lol zga Job 5l Giolesl (obp 5
A% ool YEYNS 5 sligs 9 Vo oM 25,5 (55,
S L EPUSEEY R 1111 PSR VIS WL - S PV B VR SOV o
) yegl Ve OV LAY (g0 Job b )0 (o, K0ben
ool Lowdly oS 5 (530,51 g il
5 5,10 00l L D Waed o 3l By iulidl jelaieds ol
el ey ools (6 uF Sl il el s


http://opsi.ir/article-1-742-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

Sy 5o ol e ) i LS (S, s ol
5 550 wiged YO Cli (59, 2 (o Sbies (b
3 ol olends oole g0 S o a1 A oyl
L .aib oo (NHy) Sligel g (HYOy) GloweST g0 5,
Sldign HASALSS g Wged 5, 2 L, oMU
ol b I 3 SlanS 5 5

el I S g0 00d K (590 lin

30000 - - - Colored hair
Natural hair |

onm

)

~ 20000

15000 -

Intensity (a.u

10000 {

5000 —

645 660

675 750 765 780 795
Wavelength (nm)

o g (@ oz Al ba3)oasi Sy (590 ol g SO Y S
(3o — 3 L) anb o0 wlin dges

g0 oy y S’ 50yl oy VY
a8)5 5l 50 (6,500 ol 398 Sl (o) p Cux
@Rl s (550 4 gy pe (ot el (ol gl 09,5 0l
\cm )‘ L}”‘"" J.w) olo s_i) J5.|o )d LmuT S aS 09.)
5 a5 o8l s gee 4 bgise pgd 09,8 4 auils
zuls ailossy YCM 5l 2eS 540 ) lilo Gow e
90 30 39790 preelS (e 45T isls (LA (6 Kol
633l bl ol e 38 5 9o 0l S
SrSpiz jebd 3g )18, 2 (295 S0 3D, S
Sl byl g0 50 0o, ST pudS e
055 95 (nl B9e Sl 3l lanalie ¥ S8 090 Lo

40000

-Ca@my &
30000 | 4

20000 -

ca()
i

10000

Intensity (a.u.)

2400 -

1800 -

1200

600 |

390 392 394 396 398 420 422 424
Wavelength (nm)

Slin b wbj g9 wby Ceyu b o5 g0 lw -a F S

05 Gge 2y ey b 055 (550

AR

g g olKls VYAV oLy YO b VY

Element Call Cal Till Til NI
YAOA | FYY,E | YYYF | YEEY | VEYY
A % o 4 4
YAV | OFYeY | OYYYLS | YO | YERY
e o o \ Y
Wave'e”g; vary | veva | orvra | vvay | vesa
(nm) 4 £ . A Y
YasA | FEYE | YYEA | YAAA | AVVE
£ q f 4 4
AOEY | FEOF | YY¥S,e | YAA | APA,
% q 4 Y
BOAA | YEAL | FAAN | AV,
% Y 4 Y
SYeY | YVeA | faa) | a-fA
% e
FAYY £49,4 | aray
Y o Y
AT A R
\ Y
YAEA XARs
\ Y
Yy
\
YYY,$
)
Element Ol Fel Nal Al | Cl
YAOY | ¥YVA | OAAR | YAEE | vav,.
Wavalengt . q q . q
(nm) VYY) | OYVEE | AL | Yasy | YEVA
q A q o o
ATES | YVED q.9,f
Y 0 A
ayss | FYV 8
\
Element Mg Il Mg | H Kl Si |
Wa"f]'engt YVA0 | YAOY | FASN | VEEY | YAAN
(nm) N \ Y A I
YA-Y FO8Y | YEUA
Y A q
Element Cul Crl Srll Srl
Wavﬁ'engt TYEY | fYAA | FevY | frev
(nm) o Y i e

g0 S5y il -
S 9 i, G wlim dges Sl Glawslie
oS jebolen anl oad sols L3 ¥ USE o sanbs

2 0590 g US| (39 Glie Wb oo



http://opsi.ir/article-1-742-en.html

[ Downloaded from opsi.ir on 2026-07-03 ]

) sloge diges ;0 (359,008 9 (yiemST (y59 8 (lree

0 ST prdS” (0 5 50 Ay i pus (ol
doslio b puzmen 0508 colie ol 3 (550 by o

Ol YL 23w 50,5590 STl 5 90 el o olin
AP0 0 e Ol a5 Al el dly, 4 SGoj

Jole cnl a5 el o] YL s 5l i se kel
25l 9o bl )0 0y93 90 oo 6l (Lo WilgS e

31 3wl

Il aS ;5 g Sl (6 )5ld g pole caSimghy Jow

098 oo (6,3l wilodges gL (iRgh pl plxl jo

&=y

[Y] Corsi M., Cristoforetti G., Hidalgo M., Legnaioli S.,
Palleschi V., Salvetti A., Tognoni E., Vallebona C.,
Application of laser-induced breakdown spectroscopy
technique to hair tissue mineral analysis, Appl. Opt. £Y
(Y~~V)'1\VV-1\VV_

[Y]1 Panayiotou H., Vibrational spectroscopy of keratin fibers a
forensic approach, Queensland University of technology
school of physical and chemical science, Y * * €.

[¥1 Bantignies J., Carr G.L., Lutz D., Marull S., Williams G.,
Fuchs G., Chemical imaging of hair by infrared
microspectroscopy  usings ynchrotronra diation, J.
Cosmet. Sci. ©Y (Y+++), V¥4,

[£] S.J. Rehse S. J., Salimnia H., Miziolek A. W, Laser-
induced breakdown spectroscopy (LIBS): an overview of
recent progress and future potential for biomedical
applications, J. Med. Eng. Technol. Y1 (Y+)Y) YV_
AS,

[®] Hosseinimakarem Z., Tavassoli S. H., Analysis of human
nails by laser-induced breakdown spectroscopy, J.
Biomed. Opt. Y3 (Y+) V), +0V e+ YV A,

[*] Singh V. K., Rai A. K, Prospects for laser-induced
breakdown spectroscopy for biomedical applications: a
review, Lasers Med Sci. Y1 (Y+))), TVY_IAY,

[V1 Caroli S., Senofonte O., Violante N., Fornarelli L., Powar
A., Assessmentof reference values for elements in hair of
urban normal subjects, Microchem. J. £€1 (Y34Y), YV¢-
YAY,

[M Garry F., Gordon M.D., Sex and age related differences in
trace element concentrations in hair, Sci. Total Environ.
£Y (VAA0) IYY.VEY,

[41 http://iwww.splitender.com/Y-AAA-€Y « 1T 00/gp]jt-
ends.htm

g g olKls VYAV oLy YO b VY

60000 1
50000 1
40000 1

30000 -

Intensity (a.u.)

20000 1

10000

Samples
Sl -8 90 09,5 99 Sli 50 el Ol )l @js B UK
shls ol -b (ol - s gila algiul) ol (g0 oby Ca o llo

(o8~ dlgiah) oS (550 03,

079590 32 sk (l3w0 U quoyyr —¥-Y
o] 5 plaS o a5 Yeem goga> Job a0 9o aiges ¥
@Yl 250 90,9790 )18 5 90 2lel A5 5o el
bdiges J5° wiad QB aisg ady; 4 SQ35 5 50
S 90 sl g gt 5l 45 Gisgy (poliedl (590 42 Lo
0505 b o0l (i 0 5550 ol Lol Lelse 5|
$hl9ge @il diged (o9 Clin 5l slamlis 7 JS2
Ol 1y (A 4 Suo3)ge YL dged 5 ()55 50
Ol el aie SO 5l a5 jeblen apo o
SIge omb wged 0 xSty joba mow
@lE Send )3 Sl Dgmy oo St (0)97 90

Lalasl 3 cpl b¥s 5l (S Wl o g0

18000 -|
15000 - . ":a U]
~ 12000 -

9000 -

Intensity (a.u.)

6000 -

3000

T T . T T 1
586 587 588 589 590 591 592
Wavelength (nm)

Aoy 4 So33 g 50 2V wiged o5 lin ~UP (o -z abais

(90— 5 L)

S5 azmas —F


http://opsi.ir/article-1-742-en.html
http://www.tcpdf.org

