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Table 1 Relative volume fraction ratio of Jet fuel

and Lube in mixed oil samples

Sample R H Sample R H
C1 0 10 C7 9 1
C2 1 9 C8 10 0
C3 3 7 T1 2 8
C4 4 6 T2 5 5
C5 6 4 T3 8 2
C6 7 3
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Fig. 1 Comparison of original and corrected C4 samples by different methods

(a): Original three-dimensional spectral map; (b): Original contour map; (c): Corrected three-dimensional spectral map by instrument; (d):

Corrected contour map by instrument; (e): Three-dimensional spectral map after background subtraction; (f): Contour map after background

subtraction; (g): Three-dimensional spectral map after the Delaunay triangle interpolation; (h): Contour map after the Delaunay triangle inter-

polation; (i): Three-dimensional spectral map after missing data recovesy; (j): Contour map after missing data recovery
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Fig. 2 Analytical results of PARAFAC algorithm for T2
(a): Relative excitation spectra; (b): Relative emission spectra; (c¢): Fourth dimensional decomposition graph; (d): Emission spectra after
background subtraction; (e): Excitation spectra after delaunay triangle interpolation; (f): Emission spectra after delaunay triangle interpolation;

(g) . Excitation spectra after missing data recovery; (h) . Emission spectra after missing data recovery
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Fig. 3 Decomposition of concentration regression curve by PARAFAC algorithm

(a): Regression curve of component concentration of lube after background subtraction; (b): Regression curve of component concentration of jet

fuel after background subtraction; (c¢): Regression curve of component concentration of lube after delaunay triangle interpolation; (d): Regres-

sion curve of component concentration of jet fuelafter delaunay triangle interpolation; (e): Regression curve of component concentration of

lubeafter missing data recovery; (f): Regression curve of component concentration of jet fuel after missing data recovery
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Table 2 Concentration prediction and recovery of test samples

Concentrations Recovery/ % [ Predicted result]
Sample of samples background subtraction delaunay triangle interpolation missing data recovery
R H R H R H R H
T1 2 8 119[2. 37] 111[8. 84] 110[2.19] 105[8. 43] 102[2. 04] 101[8. 11]
T2 5 5 130[6.50] 111[5.57] 107[5. 35] 105[5. 26 96. 4[ 4. 82] 103[5.17]

T3 8 2 89.4[7.15] 86.5[1.73] 104[8. 29] 90.5[1.81] 98.4[7.87] 95.5[1.91]
AR+RE/% 113+£21.3 103411.9 107+7.10 10047. 00 98.9+2. 60 100-£3. 40
RMSEP 1.02 0. 606 0. 284 0. 310 0.130 0.128
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Correction Methods of Rayleigh Scattering of Three-Dimensional
Fluorescence Spectra of Spilled Oil on Sea
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Abstract  Three-dimensional fluorescence spectroscopy has become a hot topic in the identification of oil spills by many
researchers because of its high sensitivity, good selectivity, simple operation and analysis for multi-component mixtures.
However. the Rayleigh scattering in the three-dimensional fluorescence spectrum will have a great influence on the accurate
detection of the spectrum, so it is of great significance to eliminate the influence of the Rayleigh scattering effectively for the
qualitative identification and quantitative analysis of the spectrum. In this paper, the instrument calibration method, background
subtraction method, Delaunay triangle interpolation method and Missing Data Recovery (MDR) method were used to correct the
Rayleigh scattering in the three-dimensional fluorescence spectrum of the oil spill. Firstly, the seawater SDS micelle solution was
used as a solvent, the jet fuel and the lube were mixed according to different relative volume fraction ratios to prepare eight
calibration samples and three test samples. Then, the three-dimensional fluorescence spectra of 11 samples were determined by
FS920 steady-state fluorescence spectrometer. Moreover, the interference of Rayleigh scattering was eliminated by instrument
calibration method, background subtraction method, the Delaunay triangle interpolation method and missing data recovery
(MDR) method respectively. Then the kernel consensus diagnosis method was used to estimate the optimal number of compo-
nents. Finally, the PARAFAC was used to qualitatively identify and quantify the three-dimensional fluorescence spectrum data
of the mixed oil samples. The results show that the instrument calibration method using the emission wavelength lag excitation
wavelength to eliminate Rayleigh scattering will lose part of the effective spectral information. The background subtraction
method cannot completely eliminate the Rayleigh scattering, and there is still scattering interference in the spectrum. The excitation
and emission spectra obtained by PARAFAC will be distorted, and the predicted concentration value deviation is large. After the Ray-
leigh scattering is eliminated by Delaunay triangle interpolation method, the excitation and emission spectra obtained by PARAFAC have
a higher agreement with the real spectrum, and the predicted concentration value deviation is small. However, after the Rayleigh scatter-
ing is eliminated by MDR, the excitation and emission spectra obtained by PARAFAC analysis have the highest agreement with the real
spectrum, and the predicted concentration value deviation is the smallest of these methods, and the sample recovery rate is 98. 9% and
100% respectively, the RMSEP is limited to less than 0. 130. According to the results of qualitative identification and quantitative analy-
sis, MDR can effectively eliminate the influence of Rayleigh scattering on the basis of ensuring that the original characteristic spectrum is

not distorted. It is an ideal method to eliminate Rayleigh scattering in the three-dimensional {luorescence spectrum.

Keywords Three-dimensional fluorescence spectra; Rayleigh scattering; Background subtraction method; Delaunay triangle

interpolation method; Missing data recovery method
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