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Method for Simultaneous Detection of Polymetallic Ions in Industrial
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Abstract A Kalman filter spectrophotometry based on interval selection of correlation coefficient threshold method
is proposed to simultaneously detect trace ions of copper, cobalt, and nickel in industrial wastewater without any
separation steps. Firstly, 40 groups of mixed standard solutions of copper, cobalt, and nickel are prepared, and the
absorbance coefficient matrix is solved by multiple linear regression method. Then, a correlation coefficient
threshold method is proposed to select the wavelength region with high sensitivity for filtering. Finally, the filter
end point is determined by the filter variance to obtain the estimated mass concentrations of copper, cobalt, and
nickel. The linear detection ranges of mass concentrations of copper, cobalt, and nickel are 0.5-5.0, 0.2-2.0, and
0.3-3.0 mg/L, respectively. The average relative errors of copper, cobalt, and nickel are 2.862%, 2.464%, and
3.781%, respectively, which are all less than 5% . The predicted root mean square errors of copper, cobalt, and
nickel are 0.1124, 0.0279, and 0.0663, respectively. The results show that the proposed method is simple and
rapid, can filter while scanning, and is easy to analyze on-line.
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Fig. 1 Flow chart of filter interval selection based on

correlation coefficient threshold method
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Table 1  Predicted results by different algorithms
Actual mass concentration / Predicted mass concentration Predicted mass concentration by
Number (mg+L ") by PLS /(mg-L™ ") Kalman filtering /(mg+L™")
Cu Co Ni Cu Co Ni Cu Co Ni

1 1.0 0.6 1.2 1.032 0.621 1.239 1.024 0.588 1.145
2 2.0 1.2 2.4 1.924 1.252 2.287 2.014 1.231 2.415
3 3.0 1.8 0.6 2.861 1.706 0.627 2.986 1.816 0.581
4 4.0 0.2 1.5 3.769 0.194 1.429 4.184 0.207 1.443
5 5.0 0.8 2.7 5.275 0.817 2.556 4.847 0.773 2.788
6 0.5 1.0 0.3 0.519 0.967 0.279 0.489 0.978 0.312
7 1.5 2.0 1.8 1.531 2.062 1.684 1.545 1.934 1.877
8 2.5 0.4 3.0 2.401 0.392 3.175 2.591 0.413 2.916
9 3.5 1.4 0.9 3.684 1.438 0.968 3.364 1.362 0.873
10 4.5 1.6 2.1 4.247 1.563 2.014 4.685 1.629 2.194
11 0.9 0.7 1.9 0.864 0.737 1.985 0.931 0.721 1.856
12 1.8 1.5 1.6 1.865 1.569 1.515 1.727 1.486 1.544
13 2.7 0.3 1.3 2.587 0.293 1.239 2.634 0.311 1.427
14 3.6 1.1 1.0 3.467 1.073 1.066 3.495 1.129 0.964
15 4.2 1.9 2.2 4.293 1.947 2.084 4.317 1.867 2.278
Root-mean-square error of prediction 0.1470 0.0441 0.0943 0.1124 0.0279 0.0663
Average relative deviation /% 4.170 3.251 5.322 2.862 2.464 3.781
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