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Fig. 1 Contour maps of Gymnodinium catenatum at different concentrations
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St BE . o5 BRIt A A I UM 9 R DA R A I A2 3
A2 7 TR SRR DL R G R T
2.2 FERREE UE TR = A T O o i R AE X 1B 1

T SE 7 IRR R DU A 0 T R Y e R R D I
W . AR SO ™ R 4 DU 3 3 e B I T I 2 650~ 700
A650~750 nm {1 = AE DG RO MEAT 7 R DL 35 vk
SRR, B IR I Y D X 1]

BRI 36 AT RRBEVE DL F A AR W — R R T, &
SIS 43 90l 650~700 F1 650~ 750 nm [y ' 1k 4R 1

4 PSO-LSSVM )i ARt s BEALZEIR 24 A F A A 2 1 25
B HAR 12 AFEARME RTINS s S T 08020 Wk BE (8 1 1 0 25 4
ARFY AT SR B S, K 7 RROFL I DL R Rk B 0 10°, 107, 10° Al
10° cells » mL " &g — B %5 15 2] ¥ 2 (00T 102 1) i t1% {81 23 301 A
3.4, 5 6; FTF PSO-LSSVM B gk 4 7 7™ JBR 5 M DL 35 B
AEHCHE 55 50T e B (B H0HIE =2 ) ) AR ELOG R L 45 3 070 T ok R A
FEI 10 PUFFR T s PR TR IR 45 i Gk BE A, HEAT RSP A

T ST (1 77 SRR IS DL 9 2 A2 43 AT A 2 ep 4 3 91 2 4 A
i) 4 1 A 6 Z B0 (correlation coefficient, R) Fil# 7 AR 1% 2%
(root mean square error, RMSE) 1% 1 fr 78 . H.tf RMSEC,
RMSEP, R. #l R, 4 52 ISR AE 3 5 i iR 25 . WO 4 £ 75 ik
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Table 1 Results of PSO-LSSVM quantitative model for paralytic shellfish algae under single excitation wavelength
Ex/nm Em(650~700 nm) Em(650~750 nm)
RMSECV RMSEP R. R, RMSECV RMSEP R. R,
400 1.219 8 1.272 2 0.466 1 0.502 7 0.851 1 0.902 9 0.897 1 0.896 4
410 1.220 1 1.273 9 0.468 8 0.457 3 0.851 4 0.903 9 0.895 3 0.885 8
420 0.017 3 0.280 8 0.973 0 0.128 5 0. 850 5 0. 900 3 0.897 3 0. 880 8
430 0.983 0 1.153 8 0.597 9 0. 406 6 0.293 4 0.404 7 0.931 4 0.898 4
440 0.976 0 1.136 0 0.606 0 0.428 7 0.791 7 0.837 2 0.897 7 0.8755
450 0.962 9 1.147 2 0.631 4 0.417 2 0.356 1 0.431 3 0.911 1 0.892 5
460 0.966 7 1. 146 6 0.616 7 0.423 7 0.277 2 0.3618 0.932 8 0.918 6
470 1. 206 8 1. 266 8 0.520 8 0.430 2 0.280 8 0.409 7 0.931 6 0.898 2
480 1.212 7 1.270 3 0.509 8 0.476 0 0.2617 0.341 8 0.937 2 0.927 8
490 0. 980 6 1. 146 2 0.602 3 0.407 5 0.196 6 0.424 2 0.954 1 0. 887 4
500 0.015 3 0.975 8 0.973 0 0.611 4 0. 360 3 0.474 8 0.911 1 0.869 1
510 0.254 4 0.958 6 0.956 7 0.632 7 0.275 8 0.424 2 0.933 1 0.886 1
520 0.011 5 1.122 7 0.973 0 0.481 4 0.258 8 0.351 6 0.938 0 0.912 9
530 0.721 1 1.206 3 0.831 2 0.407 0 0.264 0 0.391 2 0.936 5 0.901 8
540 0.612 0 1.176 3 0. 865 3 0.412 9 0.856 7 0.916 3 0. 890 2 0.858 5
550 0.449 1 1.071 7 0.925 4 0.578 5 0.619 9 1.044 5 0.973 0 0. 365 0
560 0.243 7 0.983 1 0.961 7 0. 660 1 0. 340 2 0.494 4 0.911 7 0. 859 2
570 1.106 5 1.172 6 0.430 3 0.336 5 0.190 4 0.4250 0.953 6 0.893 9
580 1.105 6 1. 189 4 0.446 5 0.300 2 0.868 8 0.939 9 0. 860 1 0.865 3
590 0.919 8 1.172 2 0.506 1 0.452 7 0.409 0 0.444 6 0.891 4 0.891 7
600 0.960 1 1.276 8 0.446 2 0.407 3 0.2917 0.409 0 0.928 2 0.896 9
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Table 2 Quantitative model results of PLSR algorithm

under single excitation wavelength

BEXE 36 A7 BB DL 2 AR AC . AR 25 28 TE N 410~
560 nm AP EHCPT ORI , RO IR W HTTE 650~750 nm
0 7 DR A DL R BE AT R AT AL R, Sr 2T PSO-LSS-
VM SE I E W BT R, 15 3 /) RMSEC, RMSEP, R. fl
R, #8485 R UNK 3 PR .

*£3 WIHMELBEKT PSO-LSSVMBZMEEHAZ R

Table 3 Quantitative model results of PSO-LSSVM
algorithm with two excitation wavelengths

Ex/nm RMSEC RMSEP R. R,

460, 530 0.017 1 0.2910 0.999 9 0.949 2
480, 530 0.197 7 0.348 4 0.952 8 0.942 6
460, 550 0.134 0 0.322 6 0.964 0 0.937 9
430, 470 0.140 7 0.304 3 0.963 0 0.934 5
460, 560 0.187 3 0.361 9 0.9550 0.932 3
420, 480 0.194 5 0.378 3 0.953 6 0.932 0
420, 460 0.182 5 0. 355 6 0.956 0 0.9317
460, 480 0.227 8 0.328 9 0.973 0 0.931 4
420, 470 0.158 0 0.350 7 0. 960 3 0.930 4
440, 530 0.134 2 0. 346 6 0.963 9 0.929 5
470, 480 0.199 2 0.318 6 0.952 6 0.928 4
480, 560 0.194 8 0.400 1 0.953 5 0.926 6
430, 480 0.208 1 0.373 7 0.950 6 0.922 7
430, 460 0.203 3 0.349 8 0.951 8 0.922 1
480, 550 0.177 2 0. 365 4 0.956 9 0.920 6
430, 530 0.189 8 0.378 8 0.954 5 0.920 4

Ex/nm RMSE R Ex/nm RMSE R
410 0.988 1 0.595 9 490 0.964 0 0.618 8
420 0. 966 9 0.615 5 500 1.005 9 0.578 3
430 0.984 3 0.598 8 530 1.125 7 0.431 0
440 0.971 1 0.613 6 540 1.110 0 0.438 8
450 0.951 4 0.626 9 550 1.111 2 0.437 3
460 0.972 2 0. 609 6 560 1.089 3 0.471 2
470 0.964 9 0.614 0 530 1.125 7 0.431 0
480 0.964 9 0.614 0
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Fig. 4 Relationship between predicted value and true value in training set and prediction set

(a): Relationship between predicted value and true value in training set;

(b) : Relationship between predicted value and true value in prediction set
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Concentration Monitoring of Paralytic Shellfish Poison Producing Algae
Based on Three Dimensional Fluorescence Spectroscopy

WANG Si-yuan', ZHANG Bao-jun', WANG Hao', GOU Si-yu*, LI Yu', LI Xin-yu', TAN Ai-ling', JIANG Tian-jiu*,

BI Wei-hong'*

1. School of Information Science and Engineering, Yanshan University, The Key Laboratory for Special Fiber and Fiber Sensor
of Hebei Province, Qinhuangdao 066004, China

2. Research Center for Harmful Algae and Marine Biology, Jinan University, Guangzhou 510632, China

Abstract The frequency and area of red tide in China’s coastal areas continue to increase, resulting in serious economic losses.
According to the toxic characteristics of red tide, it is usually classified into three categories: non-toxic red tide, ichthyotoxic red
tide and toxic red tide. Among them. paralytic shellfish poison is the main toxin produced by toxic red tide. Because of its wide
distribution and strong toxicity have become one of the most harmful biological toxins. According to the different intake of
paralytic shellfish poisoning, people will feel tingling or burning in various parts of the body after eating shellfish poisoning, and
then they will be paralyzed or even die in a short time. Many people have died after eating shellfish. The intake of paralytic
shellfish poisoning mainly depends on the concentration of paralytic shellfish poisoning algae. Therefore, it is particularly
important to monitor the concentration of paralytic shellfish poison producing algae. In this paper, a quantitative analysis model
of paralytic shellfish poison producing algae was established by three-dimensional fluorescence spectroscopy combined with
chemometrics. Firstly, The three-dimensional fluorescence spectrum contour map of algae samples were analyzed by f-4600
fluorophotometer, including Alexandrium minimum, Gymnodinium catenatum and Alexandrium. Then, the new features of the
three-dimensional fluorescence spectrum of paralytic shellfish poisoning algae were established using the emission spectrum data
under different excitation wavelengths. Finally, the new feature was the input of particle swarm optimization least squares
support vector machine and partial least squares regression respectively, and the quantitative analysis model of paralytic shellfish
poisoning algae was made. The results showed that the quantitative analysis model established by Particle Swarm Optimization-
Least Squares Support Vector Machine algorithm was generally better than the partial least squares regression algorithm when
using the emission wavelength of 650~750 nm under an excitation wavelength of 460 and 530 nm. The results show that R. =
0.999 9, RMSEC=0.017 1, Rp =0.949 2, RMSEP=0.291 0. It shows that the three-dimensional fluorescence spectrum
combined with the quantitative analysis model of Particle Swarm Optimization- Least Squares Support Vector Machine can
effectively monitor the concentration value of paralytic shellfish poison producing algae in vivo, which provides a new online

detection method for the concentration detection of paralytic shellfish poison producing algae.

Keywords Three dimensional fluorescence spectroscopy; Paralytic shellfish poison producing algae; Particle swarm

optimization-least squares support vector machine; Partial least squares regression
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