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Anti-interferance in-situ detection of cyanobacteria based on matrix model
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Abstract: Phycocyanin and chlorophyll-a are characterizations of cyanobacterial biomass. These two pigments are detected in situ
with fluorescence spectrum method or fluorescence intensity. However, due to the fluorescence interference between phycocyanin
and chlorophyll-a, the accuracy of in-situ detection of cyanobacteria is relatively low, which limited the application of this method.
In this study, we developed a novel method of fluorescence analysis based on a two-order matrix model and a multivariate calibra-
tion linear model for the correlation between the fluorescence intensity and pigment concentration, which was verified by experi-
ment. The established method decoupled the two mixed pigments as well as quantitatively analyzed the wavelength selection of exci-
tation and emission and largely eliminated the fluorescence interference between phycocyanin and chlorophyll-a, and therefore, sig-
nificantly improved the accuracy of in-situ detection of cyanobacteria. More importantly, our study can provide theoretical basis for
the cyanobacteria detection sensor in how to select wavelengths.
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Fig.1 Method of wavelength selection
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Fig.2 Excitation spectrum and emission spectrum of chlorophyll-a and phycocyanin
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Fig.3 Linear correlation of chlorophyll-a (a) and phycocyanin (b) in fluorescence detection with the three methods
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Fig.4 Detecting the concentration of chlorophyll-a and phycocyanin mixed with the three methods
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Fig.5 Detecting results of Microcystis aeruginosa and Chlorella vulgaris mixing solution with the three methods

FLACIA] 5 518T 4 B, 7R SE PR I S B AR b ERR R AH L T R AR S AT TR,
e PR g o 4 4 A P P 0 S A P DR DRSO TR, AN [ b 2K 9 TR S AN R A D R
FRYIE A ) 2 S5 LA o) 240 LA AN T A K P85 155 S [ B 5 o 14 2 St 2 R O SR 7 A s AR5
RO R QR Z AR AR IR A — A R T AR 22 52 B AR R Gtk 22k 4k
SRR AR RGERDOEA RON SHRE @R AL, AT AT LU A SO 12 76 41 e A6 3R O T i 40
P TR SCHIFETT 1 B A5 RA5 TR A 2 P e T BE O AR HE 25 ST AR 2 B AR S S R XTI T O
PO RGBT AT g Bk — 254 o 1 A A DA 2 S (AR A O A5 D5 1)

TEIRG WA IEFRITRE P, 3 75 7 (0 K6 0 5 2 B 5 FF 1) 38 o 22 B R 4. AR SOl LIt IR O < 7
BG-11% G E 377 RF T B IR T AR B Be , AR BE2E 10 A KA L T 9y PR AR (R A 1) A K A 2 F | T
B EREEARE ) BN A I EBCEAR Y X SASCR BB R —B0 IRt C,,  CocB0m 28R a 5
B A Z I 2O TR R, T S BUB AR IR 22 K. B Berh M1 (9R 22 W10 LU 55 SR R 5 i/ AR
SCRAFSE 5 AR . B T RE3R 50, PR BRI rh B 3R el S A K2 R R S Y 5 4 iR T 3 (i A
MR T AR BRI | o, 0 CocFREAIR, IHERER a X8 3R 09O T VKR AR, IS BUBMAAGI R 2242 /).
ST, M1 SR ZEAR IR /N I ARSI SE I AE T, AR SCE WS 07 1 RE RS 10l 35 4 i YR 1 o D6 vh M D VR 22
ARSI B2 , AR 2R (R TS Bk A, ELAE A ol LB/ N ARBIE 5 5 vk B AR 3

3 &it

1) AR SCIT 4 HA 100 90 0 B AR 0 A 7 S S A DU 3o P P B D K 5 & S R T R, T T
BAZMGE a THER/DIRKRA S, FrifiEm AL R T R A G4 5 E 2 F
T R IR B4 1 440 F1 600 nm , KT 459 688 Fl 640 nm.

2) X P2 L R A VR A S I RT3 SR 3 T T PR AR IR 9 0 0 R R I ks, 45 B 2 ST R TR IH 43
T, R85 5 M ET i 04 35 A U 5 P 7 ) e 3 3 () R, 00 ok 1 7 (2 38 22 ) AR 7 T, 8 v A T 0 4 o
, SEBUE SR A i A BT PRI A .

N



1272 J. Lake Sci. (#78#4),2017,29(5)

3) A SCWFSE 7 AR TR VR 1 8 o /N 8] U i v A DK 2 g D4 ) J.
4) ARG QORI MR T — R hT T PO R S R SO R AR 2Tk O el
FIEEEA I % B fs g W B2 0L 1 B JEal , 0F Bk 55 Ak i ).

4 SE 3k

[ 1] Yao Yuling, Jiang Wenjing, Qu Qiu et al. Progress toxin detection method of surface water and drinking water microcystin.
Modern Scientific Instruments, 2008, (5): 86-90. [ Bk E¥, ¥ 3CF, ERKSE. MR /K H i 5 35 Z A
RGBT . SR, 2008, (5) @ 86-90.]

[ 2] ShiKun, Li Yunmei, Liu Zhonghua et al. Three wavelengths factor model of Chlorophyll concentrations inversion based on
different spectral dominating factors for inland lake. Environmental Science, 2010, 31(12) ; 2873-2881. [Jititi, =i,
X LAEAE, ST ARG £ 5 P 1 P R K MR I SR 3R B — R B RO B R 5. FRBERL, 2010, 31(12)
2873-2881. ]

[ 3] Otten TG, Paerl HW. Health effects of toxic cyanobacteria in U. S. Drinking and recreational waters; Our current under-
standing and proposed direction. Current Environmental Health Reports, 2015, 2(1) ;1-10.

[ 4] Falconer IR. Toxic cyanobacteria bloom problems in Australian waters; Risks and impacts on human health. Phycologia ,
2001, 40(3) . 228-233.

[ 5] Xie Ping. A review on the studies related to the effects of microcystins on human health. J Lake Sci, 2009, 21(5) ; 603-
613. DOI; 10.18307/2009.0501. [ ¥~ o i 2 2 % A& {d FERE il A0 SCRIE 5 09 [l . #93A FL24, 2009, 21(5) :
603-613. ]

[ 6] Machado J, Campos A, Vasconcelos V et al. Effects of microcystin-LR and cylindrospermopsin on plant-soil systems: A re-
view of their relevance for agricultural plant quality and public health. Environmental Research, 2016, 153:191-204.

[ 7] Harrison PJ, Piontkovski S, Al-Hashmi K. Understanding how physical-biological coupling influences harmful algal
blooms, low oxygen and fish kills in the Sea of Oman and the Western Arabian Sea. Marine Pollution Bulletin, 2016, 114
(1):25-34.

[ 8] liittner F, Watson SB. Biochemical and ecological control of geosmin and 2-methylisoborneol in source waters. Applied &
Environmental Microbiology, 2007, 73(14) . 4395-4406.

[ 9] Izydorczyk K, Tarczynska M, Jurczak T et al. Measurement of phycocyanin fluorescenceas an online early warning system
for cyanobacteria in reservoir intake water. Environmental Toxicology, 2005, 20(4) . 425-430.

[10] “Water and wastewater monitoring and analysis technology” editorial board State in Environmental Protection Administra-
tion ed. Water and wastewater monitoring and analysis technology: Fourth Edition. Beijing: China Environmental Science
Press, 2002. [ EZFRF A B R CORFBK WM 37 05756 ) e 22 /KRB M 0 A0 B 07 12 B IORR. JEst: P
BB A, 2002. ]

[11] Ahn CY, Joung SH, Yoon SK et al. Alternative alert system for cyanobacterial bloom, using phycocyanin as a level deter-
minant. Journal of Microbiology, 2007, 45(2) :98-104.

[12] Bennett A, Bogorad L. Complementary chromatic adaptation in a filamentous blue-green alga. Journal of Cell Biology,
1973, 58(2) . 419-435.

[13] Lunetta RS, Schaeffer BA, Stumpf RP et al. Evaluation of cyanobacteria cell count detection derived from MERIS imagery
across the eastern USA. Remote Sensing of Environment, 2014, 157 24-34.

[14] Brechet E, Mcstay D, Wakefield RD et al. Novel blue LED-based handheld fluorometer for detection of terrestrial algae on
solid surfaces. Proceedings of SPIE-The International Society for Optical Engineering, 1998, 3414 ;184-190.

[15] Lee TY, Tsuzuki M, Takeuchi T et al. Quantitative determination of cyanobacteria in mixed phytoplankton assemblages by
an in vivo fluorimetric method. Analytica Chimica Acta, 1995, 302(1) . 81-87.

[16] Yentsch CS, Yentsch CM. Fluorescence spectral signatures: the characterization of phytoplankton populations by the use of
excitation and emission spectra [ Algae, diatoms]. Applied & Environmental Microbiology, 1979, 60(8) : 2911-2915.

[17] Yang Fei, Tao Zhihao, Zheng Guilin. Design of a long-term and real-time in-situ monitor for cyanobacterial biomass. Chi-
nese Journal of Sensors and Actuators, 2016, 29(5) : 769-775. [ 4% &, PN, FRECAK. —Fhik A K4 A7 52
I A B AR AR 23R, 2016, 29(5) ¢ 769-775. ]



EREEF T AR R AT R T 04 K SR A ) o ok 1273

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Xu Zhaoan, Gao Yi, Wu Donghao. Application of flow cytometry in monitoring algae in Tathu. Environmental Monitoring in
China, 2012, 28(4): 69-73. [#RIEZ, @itf, RAWGSF. LU 240 0 S5 00 I S 0 4. o 1) 3 58
2012, 28(4): 69-73.]

Sgrensen LK, Snor LK. Determination of eight penicillins in serum from cattle and pigs by generic HPLC method. Chroma-
tographia, 2001, 53(7) . 367-371.

Gao Yahui, Yang Junxia, Luo Qiaoqi et al. Automatic identification and analysis techniques of marine phytoplankton. Jour-
nal of Xiamen University : Natural Science, 2006, (S2) ; 40-45. [ FWHE, 48, IEIRSE. VRIS H shor b
AVONEAR. JE TR 224 AARBIERT, 2006, (S2) @ 40-45.]

Jin HL, Wang YT. Hybrid alga identify method research based on fluorescence and analysis of multi-element regression a-
nalysis. Chinese Journal of Sensors & Actuators, 2006, 19(4) ; 1198-1201.

Silva T, Giani A, Figueredo C et al. Comparison of cyanobacteria monitoring methods in a tropical reservoir by in vivo, and
in situ, spectrofluorometry. Ecological Engineering, 2016, 97 79-87.

Beutler M, Wiltshire KH, Arp M et al. A reduced model of the fluorescence from the cyanobacterial photosynthetic appara-
tus designed for the in situ detection of cyanobacteria. Biochimica et Biophysica Acta, 2003, 1604(1) . 33.

Wang Jinxia, Luo Guyuan. Detecting cyanobacterial biomass by fluorescence spectrometry. Modern Scientific Instruments ,
2011, (6): 111-113. [ Ead, BB W HPO60E RGN A Y a. SRR 08, 2011, (6): 111-
113.]

Chen Weidong, Wang Chong, Hu Xiaofang et al. Application of fluorescent analysis technology for cyanobacterial biomass
detection. Water Purification Technology, 2010, 29(6) : 80-84. [ BE&its:, 5%, WIMEITEE. W FHZDE G M H ARK I
EAEYE. HoKEAR, 2010, 29(6) : 80-84.]

Yang Dingtian, Pang Delu. Optical detection of phycoeyanin in waters. Chinese Journal of Scientific Instrument, 2006, 27
(S2): 1033-1035. [ W TAT, HEAEA. KPR rh il 2 PRSI, (LR (R4, 2006, 27(S2) : 1033-1035.]
Jin Hailong, Wang Yutian. Hybrid Alga identify method research based on fluorescence and analysis of multi-element re-
gression analysis. Chinese Journal of Sensors and Actuators, 2006, 19(1) : 97-99. [%@‘j}’:, EEMW. T
TS R IR DT IR A REOR 2R, 2006, 19(1) & 97-99. ]

Yu Xiaoya, Zhang Yujun, Yin Gaofang. Feature wavelength selection of phytoplankton fluorescence spectra based on par-
tial least squares. Acta Optica Sinica, 2014, 34(9) . 294-299. [ARWRAE, Sk E4, Bom 4. LT s T lmlany
WARIOOGEFRE PRI, 224, 2014, 34(9) : 294-299. ]

Gregor J, Marsalek B, Sipkova H. Detection and estimation of potentially toxic cyanobacteria in raw water at the drinking
water treatment plant by in vivo fluorescence method. Water Research, 2007, 41(1) . 228.

Alstyne KLV, Nelson TA, Ridgway RL. Environmental chemistry and chemical ecology of “Green Tide” seaweed blooms.
Integrative & Comparative Biology, 2015, 55(3) . 518.



