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Table 1 Concentration of calibration and

prediction samples (g - mL™")

REERE TR
Edlil b A Bl o A

1 0.005  0.001 0 13 0.0003 0.0008 0
20,002 0.002 0 14 0.0002 0.0006 0

3 0.001  0.005 0 15 0.0004 0.0003 0
400008 0.0001 0 16 0.0012 0.0002 0

5 0.0005 0.0005 0 17 0.000 3 0 0.0008
6 0.0001 0.0004 0 18 0.000 2 0 0.0006
7 0.005 0 0.001 19 0.000 4 0 0.0003
8 0.002 0 0.002 20 0.0012 0 0.0002
9 0.001 0 0.005 21 0.0003 0.0008 0.0001
10 0.0008 0 0.0001 22 0.0002 0.0006 0.0001
11 0.0005 0 0.0005 23 0.0004 0.0003 0.000]1
12 0.000 1 0 0.0004 24 0.0012 0.0002 0.0001
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(1) Fluorescence spectrum of gasoline standard sample
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(2) Fluorescence spectrum of diesel standard sample
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(3) Fluorescence spectrum of kerosene standard sample

Fig. 1  3-D fluorescence spectra of three standard solutions
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Table 2 Concentration and recovery of prediction samples

PHBE /(g e mL™' 1) i/ %% Rellie

el [l B el [l Bt S [l Bt
13 0.000 287 0. 000 806 — 95. 67 100. 75 — 97.4+2.3 101.140.9 —
14 0.000 191  0.000 604 — 95.50 100. 66 —
15 0.000 395 0.000 303 — 98. 75 101. 00 —
16 0.001 197 0. 000 204 - 99. 75 102. 00 -
17 0. 000 339 — 0. 000 798 113.00 — 99.75 108.247.3 — 98.7+2.7
18 0.000 229 — 0. 000 599 115. 00 — 99.83
19 0.000 415 — 0. 000 297 103.75 — 99. 00
20 0.001 21 - 0. 000 192 100. 83 - 96. 00
21 0.000 284  0.000 821 — 94. 67 102. 63 — 96.443.1 105.6%4.4 —
22 0.000 187 0.000 62 — 93.50 103. 30 —
23 0.000 392 0.000 319 — 98. 00 106. 30 —
24 0.001194  0.000 22 — 99. 50 110. 00 —
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Application of PARAFAC Method and 3-D Fluorescence Spectra in
Petroleum Pollutant Measurement and Analysis

PAN Zhao, WANG Yu-tian, SHAO Xiao-qing, WU Xi-jun, YANG Li-li
Measurement Technology and Instrumentation Key Lab of Hebei Province, Yanshan University, Qinhuangdao 066004, China

Abstract A method for identification and concentration measurement of petroleum pollutant by combining three-dimensional
(3-D) fluorescence spectra with parallel factor analysis (PARAFAC) was proposed. The main emphasis of research was the
measurement of coexisting different kinds of petroleum. The CCl, solutions of a 0% diesel sample, a 97 gasoline sample, and a
kerosene sample were used as measurement objects. The condition of multiple petroleum coexistence was simulated by petroleum
solutions with different mixed ratios. The character of PARAFAC in complex mixture coexisting system analysis was studied.
The spectra of three kinds of solutions and the spectra of gasoline-diesel mixed samples, diesel-kerosene mixed samples, and gas-
oline-diesel mixed with small counts of kerosene interference samples were analyzed respectively. The core consistency diagnostic
method and residual sum of squares method were applied to calculate the number of factors in PARAFAC. In gasoline-diesel ex-
periment, gasoline or diesel can be identified and measured as a whole respectively by 2-factors parallel factors analysis. In diesel-
kerosene experiment, 2-factors parallel factors analysis can only obtain the characters of diesel, and the 3rd factor is needed to
separate the kerosene spectral character from the mixture spectrum. When small counts of kerosene exist in gasoline-diesel solu-
tion, gasoline and diesel still can be identified and measured as principal components by a 2-factors parallel factor analysis. and
the effect of interference on qualitative analysis is not significant. The experiment verified that the PARAFAC method can obtain
characteristic spectrum of each kind of petroleum. and the concentration of petroleum in solutions can be predicted simultaneous-
ly, with recoveries shown in the paper. The results showed the possibility of petroleum pollutant identification and concentration

measurement based on the 3-D fluorescence spectra and PARAFAC.
Keywords Three-dimensional fluorescence spectra; Parallel factor analysis; Petroleum pollutant; Concentration measurement
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