BNRESHBEFZHE
51, 033001(2014) Laser & Optoelectronics Progress ©2014¢ 1 [ 35 ) e ks

IS 3 JC 2 K 43 11 LIBS Kl 5 Hr
TRE AHR RAR REE ERE

PEAL I Ry B e 1 R e HOR & I T LS D e A R SR, HOR 22 730070

BE BOLES SO0 (LIBSE R — WURA BT S ITT R 4B 5 R FA i e 378 R M 42 25 000 38, T X o & e
19 LIBS A5 I 7 A & — TR I8 . i LIBS £ R 92 BR 7 FH - 20 85 W i) 450 3k, 52 46 v ) B e I 29 B 1 R0 18 5 o
GG AR IR O B RO EAT T DN RN 4 M, B E M ISCAR i AL Min Mg . Sr.Zn .Ba Na . Ca.Fe .Si
FVH Y 11 RpOC 2 050 3 T 553 PR B S 7 2 P S50 T 45 B PR E . R A BB ik i i T
FIRITCER AR & i, g g R R IO 5 OIS EOR W LU T4 % TR i IBEA &l

KW LI WO S OIS R S 0y T R TR LS

hESERES 043354 SMCEEARIAED A doi: 10.3788/LOP51.033001

Measurement and Analysis on Elemental Composition of Mosquito
Coil by Laser-Induced Breakdown Spectroscopy

Wang Pengzhan Sun Duixiong Su Maogen Zhang Qiangian Dong Chenzhong
Key Laboratory of Atomic and Molecular Physics and Functional Material of Gansu Province, College of Physics and

Electronic Engineering, Northwest Normal University, Lanzhou, Gansu 730070, China

Abstract Laser- induced breakdown spectroscopy(LIBS) has been used as a promising element analysis
technique with the advantages of in—situ detection and remote monitoring etc. It is a relatively new task to apply
LIBS to mosquito coil sample. In order to apply LIBS technique in the field related to environmental monitoring,
we use time- resolved LIBS to measure and analyze mosquito coil sample. Eleven kinds of elemental
composition of mosquito coil, which are Al, Mn, Mg, Sr, Zn, Ba, Na, Ca, Fe, Si and H, are identified. Based on
local thermodynamic equilibrium (LTE) assumption, the plasma temperature is obtained. The relative
concentrations of these elements are estimated by calibration—free method. The experimental result prove that
LIBS can be applied to the rapid and effective detection on the harmful elements.
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Fig.1 Schematic representation of the experimental setup

3 ZiR5iTie

S v SR I 1] 23 B (TR 45 75 v R AL Ak 15 42 i {5 W bE o AR A1 BRASTZH LA 56 T LIBS J5 1 iy AR,
RN 2% 17 9 A0 4E 3R B E] 3 1) 3% 5E S 500 ns A1 1000 ns B, 45 3] 143 28 HLA R0 00 (5 M H o S v i B
19615 10 R BB P45 51 0 AR 48 26 1 [ 05 M 5 BRI 58 e (NIST) £ 4t i) 54l P2 7o 1 e 1 4 1
LRI, B 245 T 7 240~670 nm J% Bt N I50F (9 LIBS Y63, Hovb 2nd order f{ £ 3% £k i —903% , v LI &
HoE% P & Mn (Al.Sr Mg .Zn .Ba.Si.Na Fe Ca . HfI CE LK, K NI O WAoo £ 1% £ 20 i 16
700 nm Z )5 o SEHR H AL AR E X B 0 R 1Y 244 S04, H R F 00 1 G AE AR AH BT AR P AR S 43 A

033001-2



51, 033001(2014) HMYSEMNYEBEIZHE www.opticsjournal.net

B BCRAT U FRAE A 35 26 - 1) 35 4 2 [ X IS H B AT B i 2 8 5 2) 335 20 5 2 ARG o5, ol A ol TR A9
B A 200 7 A O 1 R B P AR S M B 52 5 3) 5 B v e MR 1 R O IR SR iR 2, AT IR 1 I
RIS %o i 4 5 L 4R T
LIBS 5246 b, 06 7™ A2 59 55 B 1~ U 18 R 3 2 A~ T8 B8 1™, ot J2 U 45 B AR b i o0 R AL RE

PR fi T 2 A 2L, DRI AT DA e o 458 8 R 0 2R A 2 A of ) e 2 A S SR A i P BT R o — BT
DT S B TR I — M OT R S BB WZ 0 R Y K 6T OB |, (HUR AN [R] T & 1 A B[R] N 52 F)
S BT ARE BT R I (N A5 R TR R T RO AR ) o AR AR S A S B ROR R A E bR
(C=F)J5 ik "1 533k S8 50 2 A A X 35 4

Fl 2 WOtEE & 72 mJ JER B[R] 1000 ns . [7] 58 B ] 500 ns B 15 3] (19 550 F FE i 78 240~670 nm 37 B 1 6 1
Fig.2 LIBS spectra of mosquito coil sample at 240~670 nm recorded with delay time of 1000 ns, gate time of 500 ns and

laser pulse energy of 72 mJ
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Table 1 Spectral parameters of Ca lines considered in the calculation of plasma temperature

Species A/mm A /(10°s™) E./eV i
Cal 299.50 0.37 6.02 3
Cal 299.96 0.28 6.02 3
Cal 300.09 1.58 6.02 1
Cal 300.69 0.75 6.02 5
Cal 300.92 0.43 6.02 3
Cal 428.30 0.43 4.78 5
Cal 428.94 0.60 4.77 3
Cal 429.90 0.47 4.77 3
Cal 430.25 1.36 4.78 5
Cal 430.77 1.99 4.76 1
Cal 431.87 0.74 4.77 3
Cal 442.54 0.50 4.68 3
Cal 445.48 0.87 4.68 7
Call 370.60 0.88 12.58 2
Call 373.69 1.70 12.58 2

3 Ca Il Ca II3% £ 415 1 Saha-Boltzmann 5]
Fig.3 Saha-Boltzmann plot of Ca I and Ca II lines
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Fig.4 Relative concentration of elements in mosquito coil sample given by setting C as a reference element

033001-5



51, 033001(2014) HMYSEMNYEBEIZHE www.opticsjournal.net

HEor A T PR R A Y SRS C-F o r A B U R R AR I, T C-F 7
TR B B A% JT B AR X B R AT RE A o AT (R L 3 BEAS SR A 23 B O R AR O e

Mn & —Ffp HA 2B 0 R, R B A Mn JT R, 23 1 3000 & A0 AE R IL5K g B A5 A5 0 R i
Tk be i B vh 2 T BOA FH U R B A Y AL TR AR BT 2 AT Bl DT R AR AR ER B R 2B A
WA 8 IO — R A T XU RS e O PRI v, DA TR 3 0 A At B 7 A Y 5 5

4 45 ®©

I LIBS 45 AR 2075 T W0 10 15 20 e 63 . S TR 5 45 S 32 WU MR B 5 M0 S0P 6 5 42 B T 20, i e
G J TT 22 T REUE A A A S R W TR 5 40 SR T LA — 2B N FR TS e AR S SIS R B
W] : LIBS $ R 4 S R LR B A K I 42 5T 2 9 ) L 76 25 5 W0 0 LA K% A 5 B 54 WU 45088 49 7 K
WA

1 W H David, O Nicolé. Laser-induced breakdown spectroscopy (LIBS), Part I. Review of basic diagnostics and plasma
particle interactions: still-challenging issues within the analytical plasma community [J]. Appl Spectrosc, 2010, 64(12):
335-366.

2 James D Winefordner, Igor B Gornushkin, Tiffany Correll, et al.. Comparing several atomic spectrometric methods to
the super stars: special emphasis on laser induced breakdown spectrometry, LIBS, a future super star [J]. J Anal At
Spectrom, 2004, 19(9): 1061-1083.

3 Sun Lanxiang, Yu Haibin, Cong Zhibo, et al.. Quantitative analysis of Mn and Si of steels by laser—induced breakdown
spectroscopy combined with neural networks [J]. Acta Optica Sinica, 2010, 30(9): 2757-2765.

P22 AR, TR, AR, AF L OETE S SO R 45 5 28 I 4% 5 20 B A9 R 9 Min A S [J). 02 22 4R, 2010, 30(9):
2757-2765.

4 Chen Xinglong, Dong Fengzhong, Tao Guoqiang, et al.. Fast lithology identification by laser— induced breakdown
spectroscopy [J]. Chinese J Lasers, 2013, 40(12): 1215001.

W4, AR, B [ 5, 45, OBIE T i 2900 78 1 BRI 5 P Pt U b i T (3] [ B0, 2013, 40(12): 1215001,

5 Li Min, Zhu Xinyong, Xu Yuan, et al.. Quantitative determination of Cu in lake water by laser—induced breakdown
spectroscopy [J]. Laser & Optoelectronics Progress, 2013, 50(1): 013001.

OB R, TR LR, AR T LIBS H AR SE A I ) KRR i R Y 5R [J]. 06 S5 06 R A kR, 2013, 50(1): 013001

6 Xu Yuan, Yao Mingyin, Liu Muhua, et al.. Detection of chromium in solution by laser— induced breakdown
spectroscopy [J]. Laser & Optoelectronics Progress, 2012, 49(9): 093001.

TR WE, WEBED, XA, A5 VW 0 R RO Sl ZOR R I [J). WOE S5Ot H Tk, 2012, 49(9): 093001,

7 Xiu Junshan, Hou Huaming, Zhong Shilei, et al.. Quantitative determination of heavy metal element Pb in aqueous
solutions by laser—induced breakdown spectroscopy using paper slice substrates [J]. Chinese J Lasers, 2011, 38(8):
0815003.

i, BT, Bhom 4, 45 LAUE 2R 08 22 R T LIBS & 70 /K i Hh AT 32 (). 0 [0, 2011, 38(8): 0815003,

8 E D McNaghten, A M Parkes, B C Griffiths, et al.. Detection of trace concentrations of helium and argon in gas
mixtures by laser—-induced breakdown spectroscopy [J]. Spectrochimica Acta Part B, 2009, 64(10): 1111-1118.

9 M A Gondal, T Hussain. Determination of poisonous metals in wastewater collected from paint manufacturing plant
using laser—induced breakdown spectroscopy [J]. Talanta, 2007, 71(1): 73-80.

10 L Barrette, S Turmel. On-line iron- ore slurry monitoring for real-time process control of pellet making processes
using laser—induced breakdown spectroscopy: graphitic vs. total carbon detection [J]. Spectrochimica Acta Part B,
2001, 56(6): 715-723.

11 Sun Lanxiang, Yu Haibin, Xin Yong, et al.. On- line monitoring of molten steel compositions by laser— induced
breakdown spectroscopy [J]. Chinese J Lasers, 2011, 38(9): 0915002.

PhaF, THEt, o 53, 4% ST HOLE T 20 0 09 B0 A 7E 4 AL [J]. R O, 2011, 38(9): 0915002.

12 D Romero, J J Laserna. Multielemental chemical imaging using laser—-induced breakdown spectrometry [J]. Anal Chem,

1997, 69(15): 2871-2876.

033001-6



51, 033001(2014) HMYSEMNYEBEIZHE www.opticsjournal.net

13 K Miiller, H Stege. Evaluation of the analytical potential of laser— induced breakdown spectrometry (LIBS) for the
analysis of historical glasses [J]. Archaeometry, 2003, 45(3): 421-433.

14 W K Liu, M H Wong. Toxic effects of mosquito coil (a mosquito repellent) smoke on rats [J]. Toxicol Lett, 1987, 39(2-3):
223-239.

15 W K Liu, S E Sun. Ultrastructural changes of tracheal epithelium and alveolar macrophages of rats exposed to mosquito
coil smoke[J]. Toxicol Lett,1988, 41(2): 145-157.

16 B H Azizi, R L Henry. The effects of indoor environmental factors on respiratory illness in primary school children in
Kuala Lumpur [J]. Int J Epidemiol, 1991, 20(1): 144-150.

17 D Fagbule, E E Ekanem. Some environmental risk factors for childhood asthma: a case— control study [J]. Ann Trop
Paediatr, 1994, 14(1): 15-19.

18 L C L Koo, J H C Ho. Mosquito coil smoke and respiratory health among Hong Kong Chinese epidemiological studies [J].
Indoor Environ, 1994, 3(5): 304-310.

19 T S Lin, F M Shen. Trace metals in mosquito coil smoke[J]. Environ Contam Toxicol 2005, 74(1): 184-189.

20 A Salleo, F' Y Génin, M D Feit, et al.. Energy deposition at front and rear surfaces during picosecond laser interaction
with fused silica [J]. Appl Phys Lett, 2001, 78(19): 2840-2842.

21 B Le Drogoff, J Margot, M Chaker, et al.. Temporal characterization of femtosecond laser pulses induced plasma for
spectrochemical analysis of aluminum alloys [J]. Spectrochimica Acta Part B,2001,56(6): 987-1002.

22 Duixiong Sun, Maogen Su, Chenzhong Dong, et al.. A semi— quantitative analysis of essential micronutrient in folium
lycii using laser—induced breakdown spectroscopy technique [J]. Plasma Sci Technol, 2010, 12(4): 478-481.

23 Lingling Peng, Duixiong Sun, Maogen Su, et al.. Rapid analysis on the heavy metal content of spent zinc- manganese
batteries by laser—-induced breakdown spectroscopy [J]. Opt Laser Technol, 2012, 44(8): 2469-2475.

24 Jiantong Han, Duixiong Sun, Maogen Su, et al.. Quantitative analysis of metallic elements in tobacco and tobacco ash
by calibration free laser—induced breakdown spectroscopy [J]. Anal Lett, 2012, 45(13): 1936-1945.

25 National Institute of Standards and Technology. Atomic Spectral Database [OL]. http://physics.nist.gov/PhysRefData/
ASD/lines_form.html.

26 N E Widjonarko, J D Perkins, J E Leisch, et al.. Stoichiometric analysis of compositionally graded combinatorial
amorphous thin film oxides using laser—induced breakdown spectroscopy [J]. Rev Sci Instrum, 2010, 81(7): 073103.

27 A Ciucci, M Corsi, V Palleschi, et al.. New procedure for quantitative elemental analysis by laser—induced plasma
spectroscopy [J]. Appl Spectrosc, 1999, 53(8): 960-964.

28 J A Aguilera, C Aragon. Multi— element Saha- Boltzmann and Boltzmann plots in laser— induced plasmas [J].
Spectrochimica Acta Part B, 2007, 62(4): 378-385.

29 H R Griem. Spectral Line Broadening by Plasmas [M]. New York: Academic Press, 1974. 226-231.

30 N Konjevic. Plasma broadening and shifting of non—hydrogenic spectral lines: present status and applications [J]. Phys
Rep, 1999, 316(6): 339-401.

31 H R Griem. Plasma Spectroscopy [M]. New York: McGraw—Hill, 1964, 498.

32 R W P McWhirter. In: R.H. Huddlestone, S.L. Leonard(Eds). Plasma Diagnostic Techniques [M]. New York: Academic
Press, 1965. 201-264.

33 Sun Duixiong, Su Maogen, Dong Chenzhong, et al.. Quantitative analysis of element concentration in Al alloy by using
laser—induced breakdown spectroscopy [J]. Acta Physica Sinica, 2010, 59(7): 4571-4576.
INGFIL, IR AR, FERAD, 4. B T HOETE S i gOR IR BOR BB G 4 a3 E ik 4 BT [J]. 4 B2 4R, 2010, 59(T7): 4571-4576.

34 G C He, D X Sun, M G Su, et al.. A quantitative analysis of elements in soil using laser— induced breakdown
spectroscopy technique [J]. Eur Phys J Appl Phys, 2011, 55(3): 30701.

35 G C Maria, C K William. The diagnosis of manganese—induced parkinsonism [J]. Neuro Toxicology, 2006, 27(3): 340—-346.

033001-7



