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Abstract Fluorescence spectrum properties of benzo [k] fluoranthene (BkF), benzo[a]pyrene (BaP), and their
mixture are analyzed. The experimental results show that there are two characteristic fluorescence peaks existing
in BKF and six characteristic fluorescence peaks in BaP. The optimal emission wavelength of BKF and BaP is
405 nm . The fluorescence characteristics of the mixture vary widely when there are different concentration ratios.
But the optimal emission wavelength of the mixture with different concentration ratios does not change, remaining
at 405 nm. When the excitation wavelength is 250~400 nm and the emission wavelength is 350~500 nm, serious
overlapping occurs in the fluorescence spectra of BKF and BaP. In order to detect their concentrations in the mixture
precisely, back propagation (BP) neural network optimized by artificial bee colony (ABC) algorithm is applied. The
result indicates that the ABC-BP neural network is better than the genetic algorithm (GA)-BP method. The ABC-
BP neural network can accurately detect the concentration of BKF and BaP in their mixture when the concentration
is in the range of 1.000~10.000 ng/L. The average recovery of BKF and BaP in ten mixture groups is 99.19% and 99.26%,
respectively.
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Fig.1 Molecular structures of BkF and BaP. (a) BkF; (b) BaP
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Fig.2 Contour fluorescence spectra of methanol
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Fig.3 Fluorescence spectra of BKF. (a) Three dimensional fluorescence spectra; (b) contour fluorescence spectra
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Fig.4 Fluorescence spectra of BaP. (a) Three dimensional fluorescence spectra; (b) contour fluorescence spectra
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s SALRA WM ue e i E . (a) BKF: 3.000 ng/L, BaP: 1.000 ng/L; (b) BKF: 6.000 ng/L, BaP: 7.000 ng/L;
(c) BkF: 2.000 ng/L, BaP: 6.000 ng/L; (d) BkF: 4.000 ng/L, BaP: 6.000 ng/L; (e) BkF: 2.000 ng/L, BaP: 6.000 ng/L;
(f) BkF: 4.000 ng/L, BaP: 5.000 ng/L; (g) BkF: 3.000 ng/L, BaP: 2.000 ng/L; (h) BkF: 3.000 ng/L, BaP: 5.000 ng/L
Fig.5 Contour fluorescence spectra of 8 groups of mixtures. (a) BkF: 3.000 ng/L, BaP: 1.000 ng/L; (b) BkF: 6.000 ng/L, BaP: 7.000 ng/L;
(c) BkF: 2.000 ng/L, BaP: 6.000 ng/L; (d) BkF: 4.000 ng/L, BaP: 6.000 ng/L; (e) BkF: 2.000 ng/L, BaP: 6.000 ng/L;
(f) BkF: 4.000 ng/L, BaP: 5.000 ng/L; (g) BkF: 3.000 ng/L, BaP: 2.000 ng/L; (h) BkF: 3.000 ng/L, BaP: 5.000 ng/L
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Fig.6 Procedure of ABC—BP algorithm
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Fig.7 Error curves in the training process. (a) GA-BP algorithm; (b) ABC-BP algorithm
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Table 1 Prediction results of ABC-BP network

Actual value /(ng/L) Predicted value /(ng/L) Recovery rate /%
Prediction samples

BkF BaP BkF BaP BkF BaP
1 1.000 8.000 0.990 7.950 99.01 99.37
2 2.000 7.000 1.982 6.959 99.12 99.42
3 3.000 5.000 2.984 4.950 99.45 98.99
4 4.000 10.000 3.968 9.926 99.19 99.26
5 5.000 3.000 4.962 2.979 99.23 99.31
6 6.000 4.000 5.962 3.972 99.36 99.29
7 7.000 6.000 6.936 5.929 99.08 98.81
8 8.000 9.000 7.991 8.907 98.89 98.97
9 9.000 1.000 8.934 0.992 99.27 99.15
10 10.000 2.000 9.895 1.978 98.95 98.89

B WAL AU I 5 56 43 BT v T 1% 52 1A% 00 T Vi B8 1 ARG I, oM i X — XE RS 5 | 0E T BP i 28 I 4 S R B E AT AR
W B BP i 28 W 25 A Bk B, SR T ABC 536 AT Ak, IR DL AL I 09 0 28 1 2% HT T BRE Fil BaP A9 V& i
R, LA BE R Y A 1.000~10.000 ng/L Y BKF Al BaP A ifF 8 %} % , 3¢ 11 T BKF A1l BaP ¥ & i) ABC-BP
AT 10 23R A ¥ P BKF Al BaP (5 [RLCR AR AE 98% LA b, 35 3] T % 4 BEAL ARG IR . 4R T — s
FA IR A P BRE A BaP K I 487 7 2%, [R) B G Ath e B 91 P14 46 0 38 7R i — 25 483
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