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Quantitative Determination of Heavy Metal Element Pb in Aqueous

Solutions by Laser-Induced Breakdown Spectroscopy

Using Paper Slice Substrates
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Abstract
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'
In order to improve detection sensitivity and reproducibility of metal element analysis in aqueous solutions
using laser induced breakdown spectroscopy (LIBS), a paper slice has been used as a liquid absorber to transform

liquid sample analysis to solid sample analysis. Calibration curves for metal element Pb under different concentrations
have been obtained. The results demonstrate that the analysis accuracy and error of detection limit produced by the
detected methods
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internal standard method are more precise than those in absence of internal standard. Mn is chosen as the reference
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element. With optimized experimental parameters, such as the delay time for LIBS signal detection, gate width and
time can be greatly shortened. As the lower pulse energy is needed, this approach provides a more practical approach
spectroscopy; internal standard method

pulse energy, the detection limit of Pb is determined to be 3.87 mg/L, which is lower than those obtained by similar

The detection sensitivity is about ten times higher than that in our previous experiments. in which
the laser pulse is focused on the surface of the liquid jet. The paper sample is very easy to handle so that the detected
for metal element analysis in aqueous solutions by using LIBS
paper; detection limit

laser induced breakdown spectroscopy; heavy metal Pb; filter
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Fig. 1 Schematic diagram of the LIBS experimental setup
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after laser pulse focused on

0815003-2



AR L4

PAUE G 55 BT A ] LIBS & # 53 # K 3l P 8 e R

2.3 EWRTER

S0 v e IR AR AR Ay A BT 24 IO R
H FCRE AT I PEAC TR R R A B S L R
8 A1 X S0 P VWK S 2 T ) TUART AR A B el O
Ty A4 B AR % 55 R 22 5 Wi 45 5 1 RS E 1 DT %S
O3 HT A R A B R 5 ) DR O AR S SR I A i
B E U TR Y A

P 3 Rt A RER LR 30 JATCRESR LI 3(b) ]
() LIBS S Bl . T A 8 40 0 B A T kR
7 1000 mg/L % Pb Fl 200 mg/L i Mn A9IR & 7%
B 6 5 1 52 36 2% 18 9 O ik rh RE D 30 ml,
ICCD FER 2. 2 s FITTTEH 2.6 ps, 450 100, A
Kl 3(b)ral LUF i, i 48 72 Pb ) 405. 78 nm %

. Mnl Pbl
~l4 (@) g
212 E g
< N = S o0
glop s 2 5
S8 § F =
z6F
% b
E 25K
= 0 1 1 ]
400 401 402 403 404 405 406 407

Wavelength A/nm

LR BHIE TG A3 1 N B G 2 2k B I A — ol ]
FTREMICREN P TR HMIRILE . B 3(a) R
Mn ) 403 nm [ff iz (9 3% 2k 7E 405 nm B i il T 00
F2 M LB 3 (h) 8 48 %F N 1 % K Ju BB 6 T 15
S MERE Mn SCRIEN Pb St RN LR . &R
1 HHEMSTE Pb MINFRICER Mn IWRHIE G L S5
Ferh @R Mnl (1 3 &35 & BT T REZHER W LA
LR A AR 52 58 T 3 BRI 44 0 B B N ARV B T O
JCHA ) AR R 3 () T . IR FI X T
BRAT T RB A [F] 9 3 26, T BB K HL T A3 Jm BI0BR K 1)
T 2 Wi A ) S B 160 T A2 18 R A e D 55 7
B, S PR VR B Mnl 3 453l 4 b FRES R T A R
B K — 25152k 403. 07 nm A NFRIGL .

[

(=]
G
=

Intensity 7 (10* a.u.)

" 1 " 1 " 1 " 1 " 1 L 1 " ]
00 401 402 403 404 405 406 407
Wavelength A /nm

6
4
2
0
4

B3 #Al) LIBS OBl . (2 SEACH A FE N (b) JR4C P ToFE 5
Fig. 3 Typical LIBS spectra. (a) Paper with samples; (b) paper without samples
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Table 1 Spectral parameters of detection Pb and internal standard Mn

A /nm A /(107 s1) E —E./eV Terms g gk Ji—J«
Pbl 405.78 8.9 1.3205—4. 3751 6s*6p(*P)7s-65"6p” 5—3 2—1
Mnl 403. 07 1.7 0—3.0751 6—8 5/2—17/2
Mnl 403. 30 1. 65 0—3.0733 3d°4s(°S)4p(3P°)-3d°4s*a"S-Z° P° 6—6 5/2—5/2
Mnl 403. 45 1.58 0—3.0722 6—4 5/2—3/2
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Fig. 4 Time evolution property of Pb at 405. 78 nm spectral line. (a) Signal spectra; (b) line intensity and signal to

background ratio
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