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The study on the Fluorescence Characteristics of Several Freshwater
Bloom Forming Algal Species and Its Application
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The freshwater blooms mainly blue-green algal blooms occur frequently in the lower Naktong River in summer,
which provoke many socio-economical problems; therefore, the early detection of bloom events are demanding
through the quantitative and qualitative analyses of blue green algal species. The in vivo fluorescence properties of
cultured strains of Microcystis aeruginosa, M. viridis, M. wesenbergii, M. ichthyoblabe, Anabaena cylindrica, A. flos-aguae,
and Synedra sp. were investigated. Wild phytoplankton communities of the lower Naktong River were also
monitored at four stations in terms of their standing stocks, biomass and fluorescence properties compared with its
absorption spectram. The 77K fluorescence emission spectra of each cultured strains normalized at 620 nm was very
specific and enabled to detect of blue green algal biomass qualitatively and quantitatively. The relative chlorophyll a
concentration determined by chlorophyll fluorescence analysis method showed significant relationship with
chlorophyll a concentration determined by solvent extraction method (R = 0.906), and the blue-green algal cell
number determined by microscopic observation (R? = 0.588), which gives insight into applications to early detection
of blue green algal bloom.

Key Words: blue-green algal bloom, chlorophyll, fluorescence, Microcystis, 77K fluorescense

2000). 53] FArgdo] BFd o AHgE e At

ME g AA 2710 Bge] AFE T 27 4
zwlo|u 27] AEF 3y Gol asith, A4 $2vete]
et olgn) A1 F e e T4, 2 ASAE AT dEF BE ATE F2 A stele] AFHe] gov, ¢
7 gE BEE RYYel &9 Aol F2 o8 29 AEl - Y V2 ATE LR ATl <4 A@Eo
of szt wAeta glth 53] ko] A9l FRl HERFe 2 JIPHu e AAoln wepA, G A sFFY ¥
byl 2Eln AR S4s 44l 2Eud BAS o Aelg Aed tja 1 2a7h e 7En, F2 sl
doA AMAAA BAZ tF¥a rh(Carmichael 1993,  IA| HASHE Y2 EE A48 Wkl 27)d U & 4

Velzeboer et al. 1995; Namikoshi and Rinehart 1996; Codd

*Corresponding author (envjal@inje.ac.kr)

glofof & o]t}
Qi 954 Yol Qetzol=

4% BH=z A, o &



114 Algae Vol. 20(2), 2005

(chlorophyll protein complex, CP 5§ gta gt} 3o] &

ol <J3) EE*JEIM] AE CP B39 JE54 £A49] of
UAls 457t 33 ol &5a, UmAE 3, £ 2
FEE 92 BEH VIAGYE dn ol F3e F2
A2BA NN WEET UEE FJFAAER L A EZFA
Eo 334 4o dEd B2 HEE Z2tu ey

(Llchenthaler 1988; Eullaffroy and Vernet 2003), Al 1] 1A

%9} n|B3 Ho|x ¥ g3 ~HEZY BAMog XA
= 9lth(o] 1992).
YekA] A@Ev/] 1258 Al vhd o7 R &
Ho g

B EEEE
TE Y iji‘EEé%
deconvolutiony)o] &3] Al&
1986; Seely and Connolly 1986) . =3
ek Ad Ha) wza o Wzt ffg s
PARE S, FAL 5§ Se Rk ohi gel)
© AEE dde R S4T
Margalef 1963). o] HHEA G A B YL B
£ g4 240 ol g3t glon), HBEYAE $He A=
& WHozE Aty glri(Yentch and Phinney 1985;
Jeffrey 1997). 12fu} o} 74x] &R ko] Aol HA v
e = gle AR o] k(] 1992).

ohd 94 (470 nm, 535 nm, 620 nm, 650 nm) &
= o]&shd, F2/e| phycobilinA] A 4xeA]
PAE WA T 5 9lo) 7 BFRPY 5o ¥x,
5o 2ol S A&atn FgeA B4

Z+ = (470 nm, 535 nm, 620 nm, 650 nm)
8oz 7+ B
(A233A) S BA310] invivo AHEjol|A] o] o]}
el

=
2 BEYE AHo® A F A, g

[e]

2 Fx90 Wo|Z zAlely] Yste] 77K

o] &3l curve-fitting® (Gaussian

o] SL‘H:‘r(Murata and Satoh
ot

_l_?:ﬂ

R ﬂ m
rr oﬂ,

> 3o P

2o B3y

ik

fo
S

0
o o oX 9 o

A A2 (light harvesting pigment) £} 33
@ Rl H5 9 B WEE hs

flr wu Lo J% Ag
= o > (m o ©

o

o

ox

ttlo

AN

o

ol

ol

N e

=
>
3
C
o
o
8
B
4
Rl ol
1>
it
2
)
ofy
ol
b
o o
oo o

rir
off
£
v
rlos
o oM
ko
o,
=2
1o,
o
>
il
2
2
2
Oni
tlo
=
N
e
o,

== golE 4 dt}(Bentley-Mowat and Reid 1977; Stauber
and Florence 1987; Juneau et al. 2001; Song et al. 2004) . H &4
FRRN S I A7E YEATE 44 = 2le o4
g ol g3lel sl govt, FASAL A 5%
& Q<] kS 24513 monitoringdl= 7= B4 gt}
B d7e] Bhe A22YaE 2R 424 5L B

128:60'

Fig. 1. Map showing the sampling stations; SON (Sonam), KAN
(Kangdong).
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Table 1. The culture strains used in the present study

Species hame Collection source & year

Collector

Microcystis aeruginosa Lake Sapgyo, 1993
Microcystis viridis
Microcystis wesenbergii
Anabaena cylindrica
Anabaena flos-aquae

Naktong River, 1997
Naktong River, 1997
Unknown, 1999
ATCC-22664, 1990

Synedra sp. Naktong River, 2002

National Institue of Environmental Resarch,
Korea, Algal Culture Collection

Choi, A.R., Inje University

Choi, A.R., Inje University

IAM Culture Collection, Japan

National Institue of Environmental Research,
Korea, Algal Culture Collection

Cho, K.J., Inje University
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Fig. 2. 77K fluorescence emission spectra of the 4 culture
strains. The spectra were normalized on the basis of the
value at 620 nm (Excitation wavelength = 440 nm). —,

Microcystis viridis; ------ » M. aeruginosa; ----, M. wesenvergii;
——, Scenedesmus; — —, Synedra; — - —, Anabaena; — —, All
type mix.
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Fig. 3. Fluorescence emission spectrum excited at 440 nm at

77K. Spectrum were normalized at 682 nm. ——, Microcystis
viridis; - » M. aeruginosa; ----, M. wesenvergii; ——,
Scenedesmus; — —, Synedra; — - —, Anabaena; — —, All type
mix.
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Fig. 4. Absorption spectra of the algae samples at room

temperature. ——, Microcystis viridis; ------ » M. aeruginosa;
----, M. wesenvergii; ——, Scenedesmus; — —, Synedra; — - —,
Anabaena; — —, Mixture of 4 strains.

Z4 o] Microcystisol| 4] Anabaena, =2 Synedra 0.2 Hld
A9t v Aol @Y ARe) BE PP 2nELe)
Aol WMl Aotk B ZAP|7E 2o ZAtE dA Als

|21gh 230l Ak 771 2 sEA] XAt Fig. 2]
et F50) 99 2fEY Syoz 32

o2

o
O

fr
o

6‘] 71—;{] 3}t /\

9l& Aolt}, uwala] Microcystis, Anabaenas} Synedrae] 3]
TR 2xe] Wske F3 2" ES] ¥sgliA] A E
%S Foltt ol ek AL 680nm Fro 7 AHNEHS FTF
sl 74§ Fslo] FAE 4 lem(Fig. 3), F& FF~d
Eflo| M= & UEsith(Fig. 4). Fig 49 ~HERL A2
Aol B E vkdshg ARES & 7t X}Cﬂ 7t Aol ol&
FTEo| £ Al5E s Fig. 39 22 FFAHE
HE AR A8k 3ol Foha Attt

77K W& @3~ E->| A 685 nm 695nm, 710 720 nm

Helol #e 2z PS I, PS IZHE @3ttt Microcystis
aeruginosas} M. viridise] 7-$-, o J#] Aol wE APC]
B2 mnlsdar, PSII Bobe PSI &33o] Z3shAl ek
t}. Anabaena cylindrica= PC, PSII, PSlo] tt2 A+ Ax}e}
o] Hls=3l oz eyt (Bryant 1994; Murakami 1997,
Misra and Mahajan 2000). ]l H]3}] Synedra sp.+= PS lI7}
PS || H]&f o] E¥E3}T)

Bl ol g5 FHYol whet F2F, K27, FUE
& 59 PSI/PSII vl&o] vt} 53], dx7Fe| PSII/PSI
H & F=, CO, %, NaCl sxo| whe} ¥sisin
phycobilisomeo] Aol® EHo|d4= & PSI/PS I H]E
< ZF=t}(Bruceetal. 1989; Ajlanietal. 1995) . 77K HI= &3~
H E oA F685/F7202 FA}gH A3} Microcystis aeruginosa:
0.03, M. viridis= 0,77, M. wesenbergii== 0,30, Anabaena



Son et al.: Detection of Blue-Green Algal Bloom Using Fluorescence Property 117

Table 2. Composition of 3 major phytoplankton taxa and fluorescence intensity ratio (F685/F720 and F695/F720) in the Sonaktong

River in 2003
Total standing crop Cyanophyceace Bacillariophyceace Chlorophyceace  F685/F720 F695/F720
(cells- mI1) (%) (%) (%)
SON Sep 03 2,490 65 24 10 1.283 1.371
Sep 18 990 56 7 36 1.263 1.235
Sep 25 38,900 86 1 12 1.210 1.092
Oct 01 6,835 90 5 4 1.345 1.285
KAN Sep 03 5,250 31 11 57 1.432 1.485
Sep 18 3,037 47 30 22 1.313 1.205
Sep 25 9,605 34 2 63 1.320 1.178
Oct 01 5,790 24 35 40 1.377 1.352
4 1 OF685/F720
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A B c D E 4-36% Atk 7K FBE 2~ EJoRRE &

Fig. 5. 77K fluorescence intensity ratio of Microcystis aeruginosa
(A), M. viridis (B), M. wesenbergii (C), Anabaena cylindrica
(D), and Synedra sp. (E).
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Fig. 7. The seasonal variation of standing crops of the 3 major
phytoplankton taxa in the Sonaktong River in 2003.
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Fig. 9. The correlation between chlorophyll a estimated from
fluorescence and chlorophyll a determined from extraction
and standing crop.
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