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Fig. 2 Pictures of experimental samples
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Table 1 Certified concentration (Wt%) of Cu in the samples
Sample number Concentration of Cu/(mg e« g ')
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Table 2 Comparison of the parameters of Cu [ 324.75 nm
and Cu | 327.40 nm

Spectral Intensity Transition Energylevels
line/nm /counts probability/s ! /eV
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the spectral intensity and SNR
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Fig. 5 Calibration model based on internal standard method
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Quantitative Analysis of Soil Heavy Metals Based on LSSVM
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Abstract In order to improve the accuracy of soil quantitative analysis, the partial least squares (PLS) and least squares support
vector machine (LSSVM) were combined with laser-induced plasma technology to analyze the Cu elements in the soil. Two char-
acteristic lines of Cu | 324.75 nm and Cu | 327.40 nm were compared and analyzed, and Cu | 324.75 nm was selected as the
analytical line. Firstly, the experimental parameters were optimized. The relationship between laser energy, acquisition delay
time and signal-to-noise ratio were compared. The optimal energy and optimal acquisition delay time were 90 mJ and 1 000 ns,
respectively. Then, the characteristic spectra of five different concentrations of samples were collected under the optimal experi-
mental conditions. The calibration model was established by standard internal method, PLS and LSSVM. By comparing the fit-
ting coefficient, root mean square error and average relative error of the three models, the calibration model of the standard in-
ternal method had poor performance due to the influence of soil matrix effect and self-absorption effect. And the fitting degree
did not meet the experimental requirements. The values of the root mean square error and the average relative error were too
large to meet the accuracy and stability requirements of the experiment. The calibration model was calibrated with PLS. Com-
pared with the standard internal method, the accuracy and stability of the calibration model were significantly improved. R* was
increased from 0. 870 1 to 0. 985 1. The root mean square error of the training set and the root mean square error of the predic-
tion set were reduced to the order of 0. 1 Wt%. But the decrease of the average relative error with PL.S model can’t meet the ex-
perimental requirement. It indicated that PLS could improve the accuracy of the calibration model rather than the stability of the
calibration model. The matrix effect and self-absorption effect of soil cannot be reduced. Compared with the former calibration
models, the LSSVM calibration model has better accuracy and stability. The R* increased to 0. 997 6. The data points in the
model were basically distributed on the fitted curve with good linear correlation. Compared with the standard internal method,
the root mean square error of the LSSVM training set decreased from 3. 448 8 Wt% to 0. 018 7 Wt%. The root mean square er-
ror of the prediction set decreased from 1. 280 7 Wt% to 0. 149 1 Wt%. The average relative error reduced by 6. 24 times. Com-
pared with the PLS calibration model, the parameters of the LSSVM calibration model were greatly reduced. The average rela-
tive error reduced from 7. 455 6% to 2. 137% , which can meet the stability requirements. It shows that the LSSVM algorithm
has advantages for improving the accuracy and stability of the calibration model. It can reduce the matrix effects and the self-ab-

sorption effects of soil.

Keywords Laser-induced plasma technology; Internal standard method; Partial least squares; Least squares support vector ma-

chine; Soil
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