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Preliminary study on rapidly quantitative detection of lead in orange by
laser-induced breakdown spectroscopy
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(1. School of Engineering, Huzhou University, Huzhou 313000, China; 2. Optics-Electronics Application of Biomaterials Lab,
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ABSTRACT: Objective To detect lead in orange rapidly using laser induced breakdown spectroscopy.
Methods Ordinary oranges were polluted by lead solution. The concentration of lead detected by the method of
atomic absorption in the samples was set as a reference concentration. Through the analysis of the laser induced
breakdown spectroscopy of lead in the characteristic spectrum and combined with the NIST standard database,
the characteristic spectrum wavelengths of lead were 363.958, 368.348, 405.783 nm. Then the 405.783 nm was
determined as analysis wavelength. Results By analyzing the information of samples with different
concentrations, the laser induced breakdown spectroscopy characteristic spectral line intensity and the
concentrations of lead were achieved. The correlation coefficient of fitting curve was 0.98195. It showed that this
model didn’t apply to the samples which concentrations less than 10 pg/g. Based on the formula of detection limit,

D.L was 12.98 pg/g. Conclusion This study showed that this laser technology had great prospects in the
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detecting heavy metals in agricultural products and other samples.
KEY WORDS: laser induced breakdown spectroscopy; quantitative detection; orange; lead
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Fig. 1 Diagram of experimental setup
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Tablel Theactual concentrations of Pb in the samples

s 8
Pb Pb

/(ng/mL) /(ng/g)

500 150 mL 1 0.126 3.138

U8 ’ 2 0.458 11.451

20 mL > > 3 0.635 15.876

, 59 4 0.642 16.053

5 0.836 20.911

, 50 mL 6 1.056 26.404

, 7 1.193 29.826

8 4319 107.965
3 HER59 0251
31 HmBERE 0.20}
1 8 Pb g o1y

o
’ g(/ 0.10}
, Pb B
0 05 1 2 4 SpgmL 6 , B 0051
2 s
0.00
0 1 2 3 4 5
8 ? 2 Pb
1 8 Fig. 2 The standard reference curve of Pb by atomic

8 absorption method



8 s 3005
32 SITELHTEE 1000
900
’ 800 |
’ 700 |
’ = 600
Pb i s00f
o8
P 400 F
: NIST , 300}
360~410 nm 200
, 3 , Pbl—363.958 nm 100 .
0 PR S S S S ST S S
Pbl—368.348 nm  Pbl-—405.783 nm Pb 0 10 20 30 40 50 60 70 80 90 100 110 120
, PbI—405.783 nm WIE/(ug/e)
> 4
PbI—405.783 nm Fig. 4 The testing model of Pb
, 9.16,
12000 -40.07, 5 ng/ s
Pb1405.783 nm HE'e
10000 + 0,
3.138 pg/g,
g 8000 47.743, 1
s Pb1368.348 nm
#6000 F , 10
e
= Pb1363.958 nm / 3.138 no/
000l ng/g, ng/g ,
2000 | D.L=3S,/S, Sy,
0F 9 S )
360 362 364 366 368 ' 404 406 408 410 38.93, 9.16, D.L
W K-
Pek/nm 12.98 pg/e
3 4 %5
Fig. 3 The characteristic spectra of Pb
33 ERRESKEHR ,
Pb 1 405.783 nm ,
Pb1405.783 nm Pb
, Pb I 405.783 nm , 0.98195,
s Pb 4 10 ng/g ,
8 D.L 12.98 pg/g
C R Pb I 0.1 ng/g ,
405.783 nm I , 1=9.16C , LIBS
-40.07, R 0.98195



3006

SE 30k

(1]

[2]

[3]

(4]

[3]

(6]

(7]

(8]

]

1 , 2003,
8(3): 207-209.
Zhou M. Environmental lead pollution and lead poison damage
[J]. Chin J Coal Ind Med, 2005, 8(3): 207-209.
1 ,2007, 24(6): 38-41.
Jia LX, Song WB. The impact pollution in urban on human
health and measures of preventing [J]. Study Trace Ele Health,
2007, 24(6): 38—41.

1 ,2012, 3(8): 98-101.
Ji JY. Study of organism’s absorption and enrichment of lead and
hazards and control of lead contamination [J]. J Green Sci
Technol, 2012, 3(8): 98-101.

[1. ,2012,29(1): 462-465.
Yuan P, Hu JM, Li J, et al. Determination of copper, lead and
cadmium in pueraria thomsonii benth. by AAS [J]. Chin J
Spectrosc Lab, 2012, 29(1): 462-465.
Mariela N, Matos R, Luisa CM, et al. Non-chromatographic
by hydride

spectrometry

speciation of toxic arsenic in vegetables

generation-atomic fluorescence after

ultrasound-assisted extraction [J]. Talanta, 2008, 75(3): 811-816.
. ICP-MS ICP-AES

[J]. ,2012, 1:13-15.

Feng XJ, Li HL, Yang LJ. Applications of ICP-MS and ICP-AES

5 5

in analysis of heavy metals in cosmetics [J]. Anal Instrum, 2012,
1: 13-15.

Milne A, Landing W, Bizimis M, et al. Determination of Mn, Fe,
Co, Ni, Cu, Zn, Cd and Pb in seawater using high resolution
magnetic  sector

(HR-ICP-MS) [J]. Anal Chim Acta, 2010, 665(2): 200-207.

inductively coupled mass spectrometry

[31. ,2011, 23(9): 2528-2532.
Jiang J, Li G, Li RH, et al. High-sensitive and rapid
determination of cadmium concentration in water with
laser-induced breakdown-spectroscopy [J]. High Power Laser
Particle Beam, 2011, 23(9): 2528-2532.

Frank C, De Lucia J, Jennifer L, et al. Rapid analysis of energetic

[10]

[11]

[12]

[13]

[15]

and geo-materials using LIBS [J]. Mater Today, 2011, 14(6):
274-281.

[J]. , 2009, 29(12):
3375-3378.
Sun LX, Yu HB. Simultaneous quantitative analysis of
multielements in Al alloy samples by laser-induced breakdown
spectroscopy  [J]. 2009, 29(12):

3375-3378.

Spectrosc  Spectr  Anal,

[J]. ,2013,29(2): 260-265.
Zhang X, Yao MY, Liu MH. Quantitative detection for cadmium
and lead in navelorange peel by laser-induced breakdown
spectroscopy [J]. Trans CSAE, 2013, 29(2): 260-265.
, . LIBS Pb
[J]. ,2015,26(1): 141-148.
Yang P, Yao MY, Huang L, et al. Detection of Pb in potato by

5 5

LIBS and the partial least square quantity analysis model [J]. J
Optoelectron-Laser, 2015, 26(1): 141-148.

, > > LIBS
Pb [J]. , 2014, 25(3): 540-544.
Lin YZ, Yao MY, Chen TB, et al. Parameter optimization for
DB-LIBS [J]. J

detecting Pb in soil by coaxial

Optoelectron-Laser, 2014, 25(3): 540-544.
[I1. , 2013,

33(3): 1-6.
Wang CL, Liu JG, Zhao NJ, et al. Quantitative analysis of
laser-induced breakdown spectroscopy of heavy metals in water
based on support-vector-machine regression [J]. Acta Optica Sin,
2013, 33(3): 1-6.

[J]. , 2008, 57(10):
6348-6353.
Zhang DC, Ma XW, Zhu XL, et al. Application of laser-induced
breakdown spectroscopy in analyzing microelements in three
kinds of fruit samples [J]. Acta Hpysica Sin, 2008, 57(10):
6348-6353.

(%R 24R%)

(TR

% M8, fit, TEMRFEANM
BT RR =R TIREME A .
E-mail: zx8475396(@126.com



