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Improving Detection Accuracy of Laser-Induced Breakdown Spectroscopy
for Cu Element in Pig Feed Based on Spatial Confinement
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Abstract To improve the accuracy of the quantitative analysis of heavy metals in pig feed by laser-induced breakdown
spectroscopy (LIBS), the Cu element in common pig feed in the market is taken as the research object, and a quantitative
analysis model of the Cu element in pig feed is established by the partial least square (PL.S) method, combining spatial
confinement to improve LIBS signal intensity and quantitative model accuracy. The diameter and height of the spatial
confinement cavity used in the experiment are 4.5 and 2 mm, respectively. Nine smooth, standard normal variable
transformation, multiplicative scatter correction, and other methods are used to perform spectral preprocessing on the
LIBS spectra of 60 groups of pig feed samples and build a PLS prediction model. The results show that, based on the
cylindrical cavity confinement, using nine smooth combined with multiplicative scatter correction preprocessing has the
best effect. Without spatial confinement, the correlation coefficient of the prediction set (R) is 0. 8684, the root mean
square error of prediction set (RMSEP) is 49. 3, and the average relative error of the prediction set (ARE) is 43. 95%.
With spatial confinement, the R is 0. 9881, the RMSEP is 14. 4, and the ARE is 12. 51%. The research results show that
the addition of spatial confinement to LIBS technology can significantly improve the spectral signal intensity of the Cu
element in pig feed and the accuracy of the PLS model. It provides better support for the precise safety inspection of pig
feed.
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Fig. 1 Schematic diagram of CC-LIBS system
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Table 1 Actual content of Cu element in pig feed samples
Reference Reference Reference Reference
Sample concentration / Sample concentration / Sample concentration / Sample  concentration /
(mg-kg ") (mg-kg ') (mg-kg ") (mg-kg ")

01# 53.940.06 16# 60.8+0.04 31# 133.9+0.13 46# 224.740. 14
024# 53.940.05 17# 61.4+0.03 32# 133.2+0.02 AT# 219.040. 25
03# 53.6+0.06 18# 61.1+0.07 33# 133.2+0.03 48# 210.940.17
04# 39.240.13 194 80.8+0.01 344# 153.5+0.19 49# 265.040. 22
05# 39.240.07 20# 80.240.04 35# 153.2+0.28 50# 265.640. 22
06# 40.240.11 21# 78.940.08 36# 153.5+0.21 51# 268.740.11
07# 35.240.07 22# 96.2+0.05 37# 172.0+0. 31 52# 289.040. 10
08 32.7+0.08 23# 95.940.13 38# 173.5+0. 37 53# 288.440.13
09# 32.0£0.07 24# 95.3+0.17 39# 174.5+0.12 544 286.540.08
10# 41.140.02 25# 107.8+0.0 40# 185.1+0.09 55# 305.740.15
11# 41.140.02 26# 107.4+0. 20 41# 183.9+0. 14 56# 302.240. 26
12# 41.440.04 27# 108.7+0.18 424 182.9+0.03 57# 297.940. 33
13# 40.140. 05 28# 108.8+0.12 434 167.6+£0.05 58# 293.340.37
14# 39.8+0.03 29# 106.0+£0. 12 444 168.9+0.05 59# 301.441.19
15# 40.140. 05 30# 103.540. 05 454 167.6+0. 17 60# 297.340. 23
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Table 2 Prediction results of PLLS models for five pretreatment

methods with and without spatial confinement

Pretreatment ~ Without confinement With confinement
method R RMSEP R RMSEP

SNV 0.9099 41.8 0. 9868 16.5

MSC 0.8684 49.3 0.9881 14.4

Center 0.9515 28.4 0.9676 25.3

FD 0.9308 32.9 0.9732 24.7

SD 0.9431 30.0 0.9826 19.0
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Table 3 Prediction results of Cu element in MSC pretreatment model

Without confinement

With confinement

Reference concentration /

Sample (mg-kg ) Predicted concentration / Relative Predicted concentration / Relative

(mg-kg ") error / % (mg-kg ) error / %
3# 35.150 —3.594 110. 22 45. 321 28.94
T# 40. 146 27.319 31.95 50. 029 24.62
11# 41.075 59. 296 44.36 49. 408 20. 29
15# 53.907 —21.063 139.07 49. 268 8.61
19# 78.937 112. 957 43.10 89.777 13.73
23# 95.912 126. 808 32.21 84.715 11.67
27# 107. 446 163.677 52.33 122.788 14. 28
31# 133. 200 196. 734 47.70 155. 134 16.47
35# 153.535 214.088 39.44 157.989 2.90
39# 168. 866 240.759 42.57 183.333 8.57
434# 182.927 206. 155 12.70 161.797 11.55
AT# 219.028 262.547 19. 87 240.801 9.94
S51# 268. 743 276.095 2.74 249. 887 7.02
55# 293.271 250. 601 14.55 307.080 4.71
59# 302. 249 222.260 26.46 289.109 4.35
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