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Three-Dimensional Fluorescence Spectra Analysis of Oil Contaminants
Based on Algorithm Combination Methodology
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Abstract This study proposes a new technique that combines three-dimensional fluorescence spectra with algorithm
combination methodology (ACM) to address issues associated with complex components of oil pollutants and the
difficulty in identifying their overlapping spectra. By combining alternating trilinear decomposition (ATLD), self-
weighted alternating trilinear decomposition (SWATLD), and parallel factor analysis (PARAFAC), ACM realizes
the complementary advantages of using three algorithms. First, using carbon tetrachloride as the target
contaminant, a three-component mixed solution of diesel, gasoline, and kerosene with different concentrations are
prepared. Then, the three-dimensional fluorescence spectra of the mixed solution are measured using a F-7000
fluorescence spectrometer. Blank deduction and missing data recovery-principal component analysis are then
employed as pretreatment methods to eliminate the scattering interference. Finally, ACM is used to decompose the
three-dimensional spectral data matrix. Results are compared with the three separate algorithms for component
analysis, revealing that ACM is insensitive to component concentration. The average recoveries for diesel, gasoline,
and kerosene are 96.68%, 97.83% and 97.11%, respectively, which further indicated that this method is more
universal and can be used for the qualitative and quantitative analyses of contaminants in oil mixtures.
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Table 1  Concentration of oil in the sample mg/L

Sample 0# Diesel 95# Gasoline Kerosene Sample 0# Diesel 95# Gasoline Kerosene
1 1.0 5.2 2.6 9 0.9 1.2 0.8
2 0.2 4.8 2.4 10 1.0 1.0 1.0
3 1.2 3.6 1.2 11 0.3 3.5 1.3
4 0.4 3.2 1.8 12 0.4 2.8 2.0
) 2.5 2.6 3.5 13 0.5 2.2 2.6
6 0.6 2.4 5.0 14 0.6 1.7 3.3
7 5.0 1.2 4.5 15 0.7 1.4 3.9
8 0.8 1.0 2.0 16 0.8 1.0 4.5
SRS HOE ORI R 250~430 nm, K Sor

N5 nm, BREEGEE N 10 nms KGR 310 ~
520 nm, RN 5 nm, BEE TN 10 nm; 4 H R
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Fig. 4 Three-dimensional fluorescence spectra of uncorrected standard solution and after pretreatment.
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Fig. 5 X, nuclear consensus diagnosis results and residual square sum analysis results
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Table 2 Results obtained by each algorithm for analyzing diesel under different component numbers
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Fig. 6 (a)(b) ATLD analytical spectra and (c)(d) ACM analytical spectra of diesel, gasoline and kerosene

2 RGBT 25 SR M AT S BT A 5 2R

Sample Actual N=3 N
ATLD SWATLD PARAFAC ACM ATLD SWATLD ACM
11 0.3 0.28 0.28 0.29 0.29 0.28 0.28 0.29
12 0.4 0.39 0.39 0.38 0.38 0.37 0.39 0.38
13 0.5 0.48 0.47 0.47 0.47 0.48 0.47 0.47
14 0.6 0.56 0.58 0.59 0.59 0.56 0.58 0.59
15 0.7 0.66 0.67 0.69 0.69 0.66 0.67 0.68
16 0.8 0.78 0.78 0.78 0.78 0.78 0.78 0.78
Average recovery /% 95.33 95.79 96.68 96.68 94.50 95.79 96.44

Table 3 Results obtained by each algorithm for analyzing gasoline under different component numbers

3 IR RO A S A A BT A A5 2R

Sample Actual N=3 N—!
ATLD SWATLD PARAFAC ACM ATLD SWATLD ACM
11 3.5 3.41 3.36 3.38 3.39 3.41 3.29 3.39
12 2.8 2.69 2.56 2.77 2.76 2.69 2.56 2.76
13 2.2 2.08 2.08 2.10 2.16 2.08 2.08 2.16
14 1.7 1.68 1.64 1.67 1.68 1.68 1.64 1.68
15 1.4 1.38 1.36 1.37 1.38 1.38 1.29 1.38
16 1.0 0.94 0.94 0.95 0.96 0.94 0.94 0.96
Average recovery /% 96.57 94.93 97.01 97.83 96.57 93.76 97.83

Table 4 Results obtained by each algorithm for analyzing kerosene under different component numbers

Fo RGBT 4% 50T T 155

Sample Actual N=3 N=4
ATLD SWATLD PARAFAC ACM ATLD SWATLD ACM
11 1.3 1.27 1.23 1.26 1.24 1.27 1.23 1.24
12 2.0 1.87 1.96 1.97 1.95 1.86 1.94 1.95
13 2.6 2.56 2.54 2.55 2.55 2.56 2.54 2.55
14 3.3 3.27 3.23 3.28 3.26 3.26 3.23 3.26
15 3.9 3.74 3.71 3.75 3.77 3.74 3.71 3.77
16 4.5 4.34 4.34 4.32 4.33 4.34 4.32 4.33
Average recovery /% 96.85 96.63 97.51 97.11 96.72 96.39 97.11
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