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Table 1 Samples preparation concentration

(unit; mg » mL™")

Sample Jet fuel Lube  Sample Jet fuel Lube
C1 1.0 0 C7 0.9 0.1
C2 0 1.0 T1 0.2 0.8
C3 0.1 0.9 T2 0.4 0.6
C4 0.3 0.7 T3 0.6 0.4
C5 0.5 0.5 T4 0.8 0.2
C6 0.7 0.3
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Fig. 3 Fluorescence spectra of sample T2 at different experimental temperatures
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Fig. 5 Qualitative analysis results by AWRCQLD algorithm
(a) : Relative excitation spectra; (b): Relative emission spectra;

(¢): Fourth dimensional decomposition graph
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Fig. 7 Concentration regression curve by different algorithms
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Table 2 Comparison of concentration prediction effectiveness by different algorithms

Algorithm Regression equation Y Average LOD
v,=8 168.9c+1 435.8 0.993 9 Average LOD,=0.033
AWRCQLD _
v.=230 430c+6 028 0.951 5 Average LOD;, =0. 038
v.=8 174c+1 439 0.992 6 Average LOD,=0. 031
4-PARAFAC
v.=235 320c+5 107 0.952 2 Average 1L.LOD;, =0. 023

o a LS BEMAL Sy s b D IEA ALY s ¢ IREARIREE s v AHSE R %L LOD Jg il R
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Table 3 Predicted concentration and recovery rate of two components by different algorithms

Actual Recovery rate/ %
Sample Oil species concentration [Predicted concentration/(mg « mL 1) ]
/(mg + mL™1) AWRCQLD 4-PARAFAC SWATLD PARAFAC
T1 0.32 100. 0 [0. 32] 103. 1 [0. 33] 103. 1 [0. 33] 106. 2 [0. 34]
T2 0.42 102. 4 [0.43] 104. 8 [0. 44] 107.1 [0.45] 107.1 [0.45]
T3 Jet fuel 0.58 96.7 [0.56] 94. 8 [0.55] 98.3 [0.57] 100. 0 [0. 58]
T4 0.75 102.7 [0.77] 96.0 [0.72] 106. 7[0. 80] 106. 700. 807
AR+RE/% 100.540. 03 99.7+0.05 103. 8+0. 06 105.040. 06
RMSEP 0.015 0.024 0.03 0.03
T1 0.85 100. 0 [0. 85] 101. 2 [0. 867 101. 2 [0. 867 102.4 [0.87]
T2 0. 82 98.8 [0.81] 101. 2 [0.83] 98.8 [0.81] 102. 4 [0. 84]
T3 Lube 0. 62 101. 7 [0. 63] 103. 2 [0. 64] 104. 8 [[0. 65] 103. 2 [[0. 64]
T4 0.32 96.9 [0.31] 93. 4 [0.30] 87.5 [0. 28] 84. 4 [0.27]
AR+RE/% 99.440.02 99.8+0.03 98.140.05 98.14+0.06
RMSEP 0. 009 0.016 0.026 0.030
7 : ARC(average recovery rate) N3 [a] it % ; RMSEP (root mean square error of prediction) > i il ¥ 757 #2 i% 2% : RMSEP = [ ( Z (Vacta —
Vored )2 /mp 1V A yae S TINAEEAS A9 ELSEHR BE o yprea SR THUIU AR A () 000 R BE . my, A WO RE AR A A5 RE (relative error) iy A Xt 12
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Three-Dimensional Fluorescence Spectroscopy Combined with Alternating
Weighted Residue Constraint Quadrilinear Decomposition Algorithm for
Detection of Petroleum Mixed Oil
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3. College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China

Abstract As an important energy and industrial raw material, petroleum brings benefit to human beings and the environment
pollution is increasingly serious. Therefore, rapid and accurate detection of mixed oil becomes an important content of identifica-
tion of its source and protect ecological environment. Petroleum substances are generally composed of aromatic hydrocarbon and
its derivatives with strong fluorescence characteristics, and fluorescence spectroscopy is an important means of detecting mixed
oil with the advantages of high sensitivity, fast analysis and small weathering effects. And it has obtained good results for com-
ponents identificationand concentration prediction of oil spill by various algorithms of second-order calibration algorithm and
third-order calibration algorithm. Second-order calibration has the shortcomings of weak tolerance to noise, sensitivity to number
of components, and limited real application of mixed oil detection. Aiming at these problems, a novel method is proposed to de-
tect mixed oil in this paper based on the combination of three-dimensional fluorescence spectroscopy and alternating weighted res-
idue constraint quadrilinear decomposition (AWRCQLD) algorithm. Firstly, using ethanol as a solvent, 7 calibration samples, 4
prediction samples and 3 blank samples of jet fuel and lube with different volume ratios were prepared. Secondly. the fluores-
cence spectra of 42 samples of the mixed oil at different experimental temperatures were obtained by F1.S920 fluorescence spec-
trometer, and the effect of scattering was removed by using blank subtraction. Then, the optimum number of components was
estimated by core consistency diagnosis and residual analysis. Finally, using AWRCQLD algorithm, 4-PARAFAC algorithm and
second-order calibration algorithm to analyze the fluorescence spectra, and the qualitative identification and quantitative predic-
tion of mixed oil samples were made. The research results show that the interval of the obtained recovery rate of jet fuel predic-
tion samples is 96. 7% ~102. 7%, and the root mean square error of prediction is 0. 015 mg * mL ™ '; the interval of the obtained
recovery rate of lube prediction samples is 96. 9% ~101. 7%, and the root mean square error of prediction is 0. 009 mg « mL ™",
The four-dimensional response matrix constructed can more accurately determine the concentration of jet fuel and lube at different
experimental temperatures, and the recovery rate is higher, the root mean square error is smaller, and can meet the requirements
of accurate quantitative analysis. Compared with the second-order calibration algorithm and 4-PARAFAC algorithm, AWRC-
QLD algorithm can better reflect the superiority of the third-order calibration algorithm and the comprehensive prediction ability
is stronger under seriously overlapped fluorescence spectra of jet fuel and lube. The purpose of rapid detection of mixed oil can be
achieved by AWRCQLD algorithm. The study provides a rapid and accurate “mathematical separation” method to detect mixed
oil not based on “physical and chemical separation”, and also provides a necessary technological support for detection of petrole-

um mixed oil.
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