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A Study on the Correlation between the Harmful Cyanobacterial Density and
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Abstract

Harmful cyanobacterial monitoring is time-consuming and requires skilled professionals. Recently,
Phycocyanin, the accessory pigment unique to freshwater cyanobacteria, has been proposed as an indicator
for the presence of cyanobacteria, with the advantage of rapid and simple measurement. The purpose of this
research was to evaluate the correlation between the harmful cyanobacterial cell density and the concentration
of phycocyanin and to consider how to use the real-time water quality monitoring system for algae bloom
monitoring. In the downstream of the Nakdong River, Microcystis spp. showed maximum cell density (99
%) in harmful cyanobacteria (four target genera). A strong correlation between phycocyanin(measured in the
laboratory) concentrations and harmful cyanobacterial cell density was observed (r = 0.90, p < 0.001), while
a weaker relationship (r = 0.65, p < 0.001) resulted between chlorophyll a concentration and harmful
cyanobacterial cell density. As a result of comparing the phycocyanin concentration (measured in submersible
fluorescence sensor) and harmful cyanobacterial cell density, the error range increased as the number of
cyanobacteria cells increased. Before opening the estuary bank, the diurnal variations of phycocyanin
concentrations did not mix by depth, and in the case of the surface layer, a pattern of increase and decrease
over time was shown. This study is the result of analysis when Microcystis spp. is dominant in downstream
of Nakdong River in summer, therefore the correlation between the harmful cyanobacteria density and
phycocyanin concentrations should be more generalized through spatio-temporal expansion.
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1. Introduction
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Aaete 3 FRF{ ol AZAIZE S

Bl 2&(Microcystis), o
Wl W(4Anabaena), ©F3U 2w =(4dphanizomenon), 23 ZET]
oK Oscillatoria) 4:(%)] MEFY o] AAH 7| AT
2 o @¥g JITHNIER, 2020). ol#fd 71& =3
158 AR At A@AAA dx73
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&5 tgo] ojH Y, A2 FHAAE A
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obd(Phycocyanin) 5& &% {HHI A FE0]
(Ahn et al., 2007; Park et al., 2015).
EUHY e F 349 &
[e)

HEF oA BEd

offt rlo
OE >
o o

O ol ¥ on ©

2
r(}r

1
rlu 2 Mo
2
o 2 oo R
By @
[ZUR: 2 T o v RS

N

&l

ﬂ;&zgommqmmm
-0,
0o

X

N

g
N\
o
2y
>

et
oo

olf o > ok mf
b
ol

[N

oo nfu
1o
)
o3
tfo
L

=y
oo oy 9
:J‘ﬂ!‘&
o,
0% %
2 o

—_

wa o
B
oo 2o

22

a9
—

o

at:)
Y o o
ol N
AN
o g o fU

o
tHRousso et al., 2022). A AAF G2F
7 EE Y v AT SRR ol 274

A B AT WS A@Holt

T
2
N
=5

o

2,

e

R

-

2,

R

c

©

off

oy

_O|L

Ju

P

2y

| gk

of

-

ol PN
2 F& tlo
I
B o
> H |o

o

B2 S EE|X| M39A H65, 2023

2. Materials and Methods
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Fig. 1. Sampling sites in the study.
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Fig. 2. Location of in-situ cyanobacterial fluorescence
Sensor.
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3. Results and Discussion
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Table 1. Concentration of water quality parameters

Organic matter (mg/L) T-N T-P Chlorophyll a

BOD TOC (mg/L) (mg/L) (mg/m’) T8k

Mean=SD 18 £ 09 37 =05 2487 0700 0052 + 0.035 235 + 213 58+ 9
Min. 0.8 3.1 1.336 0.027 63 50
Max. 38 47 3517 0.117 778 75

"TSIko (The Korean Trophic State Index) : mesotrophic(30 < TSIko < 50), eutrophic(50 < TSIko < 70), hyper eutrophic(> 70)

(a) BOD, TOC (b) T-N, T-P
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Fig. 4. The Seasonal variations of (a) organic matter, (b) T-N, T-P, (c) Chlorophyll a, (d) TSlko in the Nakdong River

downstream.
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Fig. 5. The Seasonal variations of phytoplankton (a) Phytoplankton cell density, (b) Relative cell density (%) in the Nakdong
River downstream.

Journal of Korean Society on Water Environment, Vol. 39, No. 6, 2023



[s]

A ESE
Ao disf E7)(7€9~99) F 13 Faf
(Anabaena %, Aphanizomenon %, Microcystis %, Oscillatoria
& Axs 2 £4 ZUEHE S s AT f8 E2F7 Al
¢ BXIE EAHFTYQ276~662,103) cells/mL, A48
TH9(241~155,812)  cells/mL,  T3ETH(99~239,072)
cells/mLE Yelgtow Al A& EF Microcystis 0] A
3l 2R T 99%E AA st AR e JA5-EE

T 2RZARA THUA
cells/mL ©]4+<] A
A7HA A&

)

oy X
of 2 P oy

oy

ol 3 F3sh= 20,000
T 79 6904 8¥€ 9

O:

7
P
rir
X

o
fru
<
fuj
XL
o
=
b

109 o]F SHEAY
Hel 325 Mygoz BER U X5}

(el fu ) )
NS

o

3L

e

!

[0}

o)

rol

- l'ol'
N W o
U fo &

2

o
fuj
o}
o,
>
(98]
)
=
S
o/
=
aQ
Bw
22
i
=
ful
ol
o,
o0
)
~]
BNR e

(a) Hwamyung Ecological Park

250000 - —

HM

200000 -

150000 -

Cyanobacteria (cells/mL)

50000 -

100000 +~———— I L _|

I Anabaena
[ Aphanizomenon
I Osillatoria
[ Microcystis

Warning 100,000 cells/mL

Caution 20,000 cells/mL

0 1 1 T 1 1

=0 —

716 7113 7/20 7/27 8/4 8/9 8/18 8/23 9/8 9/15 9/21 9/29

(b) Samrak Ecological Park

250000 ~
SR

200000 ~

150000 - ]

Cyanobacteria (cells/mL)

50000 -

Warning 100,000 cells/mL

100000 +———— .- -

Caution 20,000 cells/mL

0 1 1 T 1 1

== —

7/6 7M3 7/20 7/27 8/4 8/9 8/18 8/23 9/8 9/15 9/21 9/29

B2 S EE|X| M39A H65, 2023



H$SZ 2TRET 73 HEF 229} TIAOF(Phycocyanin) S&= ATHO] 28t AP

457

250000 ~

200000 ~

150000 -

100000 -

Cyanobacteria (cells/mL)

50000 -

GP

(c) Gupodaegyo

Warning 100,000 cells/mL

Caution 20,000 cells/mL

BEE

7/6 7/13 7/20 7/27 8/4 8/9 8/18 8/23 9/8 9/15 9/21 9/29

Fig. 6. Temporal variations of four-genera of harmful cyanobacteria (cells/mL). (a) Hwamyung Ecological Park, (b) Samrak
Ecological Park, (c) Gupodaegyo.

£ 23Tk

3.3.2

AHE foll 27 A2 27 Y AR S22 HEEN
I o3 F3Aohd s TEE PRIl M w2 ol FERF 459 AEFe GE2F BEAR IFA o}
Aoz yeptorn], oF WEd A FLel ¥ AL d 2 Fa 72 Ak A A4S AAlst &
2 Ueigt. 7P g2 AEevh =AM E2 3884, Mg 2 A87F AL EE YehiA ot HES ZHE
662,103 cells/mL), 2+2(7.13, 155,812 cells/mL), T-3%(7.20, el 9J3t Spearman correlation coefficients &3 T £
239,072 cellsymL)Z AHER AX3A e A2 et A A, FY5F p-value < 0.001 oA 3l F2F AES
TKTable 2, Fig. 7). © FHEY Microcystis &, I3 ohd &, $2 2 pH

Table 2. Summary statistics of the harmful cyanobacteria, water quality in the study area

Mean + SD Min. Max.

Temp (°C) 280 = 2.7 23.6 32.7
pH 85 £ 09 6.4 10.2
DO (mg/L) 81 £ 1.7 6.0 14.0
Conductivity (uS/cm) 274 + 70 165 387
Salinity 0.13 + 0.03 0.08 0.18
Turbidity (NTU) 14.06 + 14.81 3.60 83.30
Transparency (m) 09 + 03 0.4 1.5
Chlorophyll a (mg/m?) 495 £ 320 5.8 1443
Phycocyanin (mg/m®) 031 = 0.51 0.01 2.94
4-genera of harmful cyanobacteria (cells/mL) 62,128 £ 114,956 99 662,103
Anabaena spp. 502 + 785 0 2,694
Aphnizomenon spp. 199 + 402 0 2,159
Microcystis spp. 61,236 + 115,053 28 661,818
Oscillatoria spp. 192 £ 560 0 3,230
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(a) Chlorophyll a
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Fig. 7. Temporal variations of (a) Chlorophyll a, (b) Phycocyanin.

9} Ao =2 Aoz YWY, 2229 ¢ 5= 93
Alopde] Hlsl A#go] g2 RS2 YERTH(Fig. 8, Table
3, Table 4).
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ERgth(Fig. 9). 3 AdH o2 FE277F +8S 2 1
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S7tete 48 ~6¥ Hoh ¥/ Yehd AeR & W dEF
£ RUHZSH] A e AA 27 dEF ARA 222
Z g Eoe d3Aobde] 8 183 A&} AL EhFig.
4, Fig. 5).
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Table 3. The correlation coefficient between Harmful cyanobacteria (4-genera) and water quality in the study area

Temp. pH Turbidity Chlorophyll a Microcystis spp. phycocyanin
r 0.7720 0.7047 0.4150 0.6458 0.9987 0.8999
p-value 0.0000 0.0000 0.0118 0.0000 0.0000 0.0000

Table 4. Correlation coefficient between phycocyanin and water quality in the study area

Harmful cyanobacteria

Temp. pH Turbidity Chlorophyll a Microcystis spp. (4-genera)
r 0.7302 0.6229 0.4670 0.6685 0.8967 0.8999
p-value 0.0000 0.0000 0.0041 0.0000 0.0000 0.0000

(a) Phycocyanin

y=0.0490+3.9540e°x
R?=0.8455, p<0.01
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Fig. 9. Relationship between cyanobacterial cell density and (a) Phycocyanin, (b) Chlorophyll a.

Journal of Korean Society on Water Environment, Vol. 39, No. 6, 2023



460 s

i
=
oft
o
ul
2
e
&)

&8
,000 cells/mL,
4% @ A% 7
ok ZAIE T Al
Ai/\l ohd s
94.4%, A3
obd F& ol
1% 2 #4 oA
o #uie Aze

= Microcystis & &

g3Alopd FEH AFHe AP
Noﬂ AQ-E;LZJ- A 740
100,000 cells/mL2] 3] 3A] }‘d =
7+ 0.128 mg/m’, 0.444 mg/m® 2.2 Ut
2= 20,000 cells/mL ©]3-& Bl x4
Zko] 0.128 mg/m® ooz Yehdt
100,000 cells/mL ©]4-S UERHHA
0.444 mg/m® o)F o2 Jehd F$7
Fol A xS g3:Aajold
.

P 9len, ol d
Al
=

g

N
oN.
T
N
HN
to o
[\
(=]

3 X x
N \1 1=y ON 2
_1 —l"

T

l-f\l_l

N
ox,
_O|L

£ U of
¥ l'Til oft
o
o
o2
e
{u
N,
®
gl
o,
2

l
O
=
aw
9_,
U
o
mn mol'
©
i)

47} Fee Pae 3
P ATkl S g

S A9 olRolAA Bt
WEA AR ol 4% 3
A ANeR 24E

el
f
>
=)
v
off
k1
o
x
5=
oy 2\1 o
g 19
N oz
K
‘L
1%
o
2
L
ol
R
O
_EL

B I

W m ¥g )y
N

E4d % ‘ﬂoﬂfﬂ 8¢
. Zﬁﬂ} At 5 ZEFH
?Q 10 me] ZoJ¥ o 3 I} ZSTHTable 5).
AAZE B ZAlohd & kT ANA drujFdez HE
o f8l E2F AExFY AFAAE &S] A Al
B2 QS AREY ZF0 mY A B AEE 839
om AESFY 329 24 AH/E e tkFig. 10). =
3 A2 (P=0.8794, p < 0.01) 7HA 2 AFSEFL %

s
i
o?:
o
R
S
1‘
o_'EL
QnL

%2(7.26~8. 16)§

ot [o = (i)
2

Y

il

0% o &
V)
o
i)

4

y=-0.1523+1.2930e"5x
R2=0.879%4, p<0.01

b
o

—_
(8]

Phycocyanin Online (RFU)

=
o

40000

Table 5. Water quality of real-time monitoring system

Mean = SD Min. Max.

Temp (°C) 284 + 07 28 302
pH 85 £ 03 76 9.1
DO (mg/L) 73 £ 08 49 98
Conductivity (uS/cm) 33 + 38 189 374
Salinity 0.14 + 002 009 0.17
Phycocyanin (ug/L, RFU") 0.19 + 021 000 144

* RFU(Relative Fluorescence Units)

FAEA 27152 20,000 cells/mL, 100,000 cells/mL<]
g3 ohd FEFES &S ZF 0.106 pg/l, 1.141 ug/L
2 Ueteth AgAddA FEEEHORE S8 g v
Al 20,000 cells'mLlAE FAE 22 Yehd o
100,000 cells/mL 24} o] =& #&& eI AT 53] A=
F7t ST E MAE FEHAM FFEEHOE SHT
FETG B3 Y EoUE A2 Yeiged, ol
Microcystis 9 73 Al 9 ~Ad 7 & Al27F 24
gt et g2t Uk ol FE9E PR
of & + ALE oM, APA T = 50 NTU
Fol A 2/ BF %7@,%}5’4 ALY §vs F7H7F Bay
st thBowling et al., 2013). WA AHF ez A%
ZFAR B4 E‘rﬁl FEAN G2F AESF S0 &
Rol ¥ UL Ao g #gddnh

ot 2AF 71701 Y] GEA shRe 9EF
E ZPIAEY gEES AAsNeH, dxR{ A=
Microcystis %°] 99% % —?—%‘3‘3 el glo] g FAlo}
d sEE @8 f3 Ex2F AEF A3 ¥9A
Aphnizomenon % & 92 &(% )*‘-‘4‘ g 3ZAohd = 7HY

A7 dFsofor & Aoz Hlh

FlF Elol‘

oﬁi

[e]

oo 1 N O mlm
ok o H‘l o

F[l‘

7 AA A

80000 120000

Cyanobacterial cell density (cells/mL)

Fig. 10. Relationship between cyanobacterial cell density and phycocyanin_online (fluorescence).

B2 S EE|X| M39A H65, 2023



=S TS 7l H=F 22| M[FA|OPH(Phycocyanin) S= AEAO| 2H8E 7 461

341 AHE HE EM ToA 87l EFAA T4 6 m7AA 4 AEF] AA
7€ 2649014 8€ 16471 AAIZE FIZAlold el AlA 9] 94.9%F 2™, Microcystis %°] FAE 93.4~993%E =}
2 HE 5HE 9EAARE o)&stq FAEE YER Aete Aoz B w(Park et al, 2006), $E5F FE +F
o ZRZE FAGA 20,000 cells/mLoll sigslE 3 A oFg 7] BInE A Z7HA Microcystis 401 X 7FsdS U

ohd Z£870.106 RFU)S §% W0 24 %& 7% 5 epjach

¢k A 6 m7A] BRECH, 79 28d {30 AL H]
W3 65% FAHHA AAZAAE NaH £ SRS B 342 47| HS SN
AThFig. 11). 8€ 10Y °|F FHAY AF2+2 E/F dF7] HE SHE syl Fal FFRAT JF5EeE
Fol 7H AL AT ARANA HHL Zx2 AN 5= P ZAF AR AF(T26~89, 8.10~816)2 247
£ 23°o9 8€10¥ EZ 0.74 RFU, A& 0.19 RFU) °]& 2UEHI"E AA tolE= Sl wat A7 HE P e
Zaste A Aol AX A4S AL=E YEETHFig. 12). =, AT Al FFES HESte] 2443 HE 58S
WABAN FAF A% SFAE 54 Bx) 0@ AF A Yk Q S3EsE #2357 ARS A% A
40 4
E 30 4
g 30
= 20 -
E
@ 10 4
i
0 - mil - N
120 0
= 1.00
i - 500
E 080 —
= m"""-
°1 060 L1000 £
£ =
=
@ 2
Z 040 i
g L 1500
£ 020 4
000 4 & . = . . . 2000
22-7-25 22-7-29 22-8-2 22-8-6 22-8-10 22-8-14
Data
depth Om depth 3m depth 6m —— depth 9m
depth im —— depth 4m —— depth 7m —— depth10m
depth 2m depth 5m depth 8m flow
Fig. 11. Time-series variation of rainfall, flow and phycocyanin_ online(RFU) (Gupodaegyo, 7.26 ~ 8.16).
1000 + —@— Before increasing the flow rate
—A— After increasing the flow rate
800 -
»
o= 600 -
E
3
© 400 -
T
200 | ‘ﬁw
0 T T T T T T T T T T T T T

Time(h)

Fig. 12. Diurnal variations in flow.
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