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Fig. 2 Experimental setup used in LIBS experiment

2.2 HAEH&E

SR i R A R A e 0 3K 1Y [ b
WE W RO+ R M GBWO07406, GBWO07419,
GBWO07421 .GBWO07429, DL J FH 3% %6 b5 e KE 5 4% —
E LU B A 13 AR B AER H 8.0 T -
em ‘HIEDHIRERZ 33 mm,. B2 2.5 mm 5
FORHEE a s R SE B . & RS CroBa 19 & &=
SITESR 1 .

1 TEHERPCOMBaWRE(pg-g')

Table 1 Concentration of Cr and Ba in soil samples (pg - g™")

#1 22 #3 #4 #5 #6

B7 =8 #9 #10 #11 #12 #13

Cr 75 61 62 87 68 74
Ba 118 469 448 716

74.5
293.5 592.5 582

74.3 66
434.3 345

68.5 61.5 74.7 70
283 458.5 427.3 544.3
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BRI B ol 96 2 4 BEJEAT B, B Cr 1425, 43 nm
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Table 2 Comparison of neural predictions with calibration curve analysis for Cr(425. 43 nm)/Si(478.30 nm)

Chemical Neural network Calibration
Sample . . — - — ;
weight ratio  Predictions/(wt%) Relative accuracy/( %) Predictions/ (wt%) Relative accuracy/( %)
10 0. 000 249 0. 000 255 2.41 0.000 314 26.1
#11 0. 000 206 0.000 196 4. 85 0.000 239 16.0
#12 0. 000 265 0. 000 257 3.02 0.000 271 2.26
13 0. 000 235 0.000 24 2.13 0.000 241 2.55

* Relative Accuracy= | Predicted value— Chemical Weight Ratio value|/Chemical Weight Ratio value
R 3 MZ M KT E LR B £ 75 5% T Ba(455. 40 nm) /Si(478. 30 nm) U T 45 R A9 LL &2
Table 3 Comparison of neural predictions with calibration curve analysis for Ba(455.40 nm)/Si(478.30 nm)

S | Chemical Neural network Calibration
ample
P weight ratio  Predictions/(wt%) Relative accuracy/( %) Predictions/(wt%)  Relative accuracy/( %)
#10 0.001 031 0. 000 942 8.63 0. 000 818 20.7
#11 0.001 535 0.001 52 0.977 0.001 899 23.7
#12 0.001 515 0.001 454 4.03 0.001 276 15.8
=13 0.001 826 0.001 712 6. 24 0.002 002 9. 64
3.15— = 2.1 —
= Neural prediction L =
= Calibration results o =
o 1.8
~ — Actual value vl -
S 270 3 i
X =2
5 s 15
] =
= k) L
z 3
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g—: - = (Calibration results
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Variation of neural predictions and calibration results from the actual value
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Table 4 RSD of 30 neural predictions for Cr and Ba

in 4 soil samples

RSD/ (%)
Element
#10 #11 #12 #13
Cr 2.69 0.268 8.62 2.17
Ba 9.48 6.74 3.21 1.76
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Determination of Cr and Ba in Soil Using Laser Induced Breakdown
Spectroscopy with Artificial Neural Networks

SHEN Qin-mei, ZHOU Wei-dong, LI Ke-xue
(Institute o f Information Optics . Zhejiang Normal University . Jinhua, Zhejiang 321004, China)

Abstract: A laser-induced breakdown spectroscopy (LIBS) technique based on artificial neural networks
(ANN) is proposed for high accuracy elemental quantitative analysis. A combination method of laser
induced breakdown spectroscopy with an artificial neural networks is employed to predict the
concentrations of Cr and Ba in soil samples. A back-propagation algorithm with momentum coefficient and
adaptive learning rate is used and served as a calibration strategy for LIBS. The quantitative results and
relative standard deviation of repeated predictions are obtained. The results are compared with those
obtained by conventional calibration curve methods. The results presented demonstrate that the
combination method of LIBS with ANN performs better than conventional calibration curve methods in
quantitative detection of Cr and Ba in soil with improved accuracy and measurement precision in terms of
relative standard deviation. Furthermore, it is an excellent method for LIBS quantitative detection for
heavy metal in soils.
Key words: Spectroscopy; Quantitative determination; lLaser-Induced Breakdown Spectroscopy ( LIBS);
Artificial Neural Networks(ANN) ; Soil; Heavy metal
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