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Growth Characteristics of Blue-green Algae (Anabaena spiroides) Causing Tastes and Odors
in the North-Han River, Korea. You, Kyung-A, Myeong-Seop Byeon', Seok-Jea Youn', Soon-
Jin Hwang? and Doug-Hee Rhew™ (Water Environment Research Department, National
Institute of Environmental Research, Environmental Research Complex, Kyungseo-dong,
Seo-gu, Incheon, Korea; *Han River Environment Research Center, National Institute of Envi-
ronmental Research; >Department of Environmental Science, Konkuk University, Korea)

Blue-green algae blooms occurred during early winter in the North-Han River, Korea.
Among blue-green algae, Anabaena spiroides were observed for approximately 33
consecutive days, between 28 November and 30 December, 2011. A. spiroides emerged
from Lake Uiam to Lake Paldang, depending on the flow of the river has spread
downstream. Changes of physical water environment like rising water temperature
and increasing hydraulic retention time influenced the A. spiroides bloom. The A.
spiroides bloom showed a very rapid increase in cell density, and a slow decrease:
the cell density increased to a maximum of 11,325 cells mL™! in Lake Paldang (st. 5),
and was completely disappeared after the water temperature dropped below 4°C. A
decrease in water temperature was the most influential factor among all environmen-
tal parameters, for the reduction of A. spiroides cell density. The A. spiroides bloom
was accompanied with the occurrence of very high concentrations of the odor meta-
bolite geosmin. Geosmin reached the peak value of 1,640 ng L™! in Lake Paldang (st.
4). The geosmin concentration was very strongly correlated with cell numbers of A.
spiroides.
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A 24T Ze dAEE Ao BrE FFe A7

otodsks 7}x-& 4 it} (Watson, 2004; van Apel-
doorn et al., 2007; Watson et al., 2007). F&5F Zol|A
1= =93 &9l Anabaenasp.= & - &
el ‘15"“3]' e o|Hu] BAel x|l (geosmin)L
ZF oAz 9).em (Izaguirre et al., 1982;
Hayes and Burch, 1989; Saadoun et al., 2001; Tsujimura
and Okubo, 2003; Wang et al., 2005), 3 =3} 4% 7
o] wle} anatoxin 59 542 QA= ) (Iza-
guirre et al., 1982; McGuire et al., 1984; Mahmood et al.,
1988).
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(Thomas and Walsby, 1986; Carpenter and Kitchell,
1993; Konopka et al., 1993; Fujimto and Sudo, 1997). Hj
3o gEFE QA ¥& £ (>20000¢ Assht
(Van der Westhuizen and Eloff, 1985; Watanabae and
Oishi, 1985; Fujimoto and Sudo, 1997), 43 AMAFAl
2RE Ak 24¢ 59 9 BE 2N E SUL
Ao =28 A= Aoz d#x ¢loen (Tang et al.,

1997) Anabaena spiroides®] 7%= 8°C o]3}2] F2
oM ZAlo] I2H u} 9)u}(Vincent and Dryden,
1989). &R AHPFA|AAME ALH ZHW gl
Microcystis spp.ol|A] W2 2o YAo] 7}at Ho=w
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/\4 \J-ZEE_ z%o]ﬂ ﬁ] _,_9_
S AS 2-4C8] 405 BE B 2AAAE ol
¥ A9olr dE2RT Agehe Aoz st
(Kim et al., 2005a, 2007).
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oz ogg mxE Aoz A 9o (Park and
Jheong, 2003).
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Fig. 1. Map showing sampling sites in the North-Han
River.

Table 1. Coordinates of sampling sites in the North-Han

River.

Site Coordinates

St. 1 37°50'11”N 127°40'32"E
St. 2 37°5045”N 127°33'09”E
St. 3 37°43’30”N 127°25'19"E
St. 4 37°3531”N 127°20'29”E
St. 5 37°3131”N 127°16’52"E
St. 6 37°3146”N 127°21'52"E
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B3E17) SA| o A] A. spiroides7} &3 2|9
B Ha el ezl o
S- X9t} A. spiroides

B35} 4] wl§ 2
] _,—;(]XJ__E 22 o] o]—;]._cL]
< =t} (Parket al., 2004)
9] 114 HF 7|22 8.2°C
~’10Lﬂ) W7 7)lex} 3.2°C a_gak_qu%,
X3 oFH X HA] 119 FHH 7]&0] 9.6°C
2 At 598 3.9°C =94t} 9~11Y Eqke] 7hgke
A A9 246 mm, ¢FF 2] 163mmE ¢|de] 2/3 4
Folaleh U A7) AE A B e Dok
7Fh 64me sec’t, =HH 65m3 sec?, et 48 mdsec?,
A A 55 m° sec™?, ToFH 192 md sectE o d2] 36%
FFol At (Fig. 2).
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Fig. 2. Comparison of Meteorologic and hydrologic factors in the North-Han River ((A), (B) CC; Chuncheon region, YP;
Yangpyeong region, (C) SY; Soyang Dam, CC; Chuncheon Dam, UA; Uiam Dam, CP; Cheongpyeong Dam, PD;

Paldang Dam).
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o] B 437 WHI= FEF A spiroides®]
2a0) Qe wA Aoz Wkt 4 AUk pAU=
Okaroso| M= A% #HA 22 8°CE W AL
o]l Anabaena spiroides”} 248l v= AT AIF v
9l e (Vincent and Dryden, 1989), 2344 Ana-
baena spp.= 4=290] ¢F 13°C ¢]3}e] FANME A FA)
Zho] F A oF 11Y o|Ae|w &3P Aoz FAME vl
o)} (NIER, 2008).

2. G3z2F = w3l

BE 2PN o2 119 Dol 10.0°C slge.
o o) % A&H ez hastel 129 F4 olFole 5.0°C
o3k Wzkeh 24713 Bt 22 A AHY A
I Chl. a =% st. 1¢|A] 8.7 mg m~3, st. 2¢]|4] 7.4 mg

3 st.3¢4] 8.3mg m3, st. 404 7.0mg m3, st. 561 A]
8.0mg m 3= A. spiroides 38 A 7} = Xjo|x= A
Qov, dafvt 2854 29 a7 44 st 6ol Al
= 38mgmiE B37} $A B e =w 9t} (Fig. 3).
AEZgaE g FZFS st 19]A] 1,655 cells mL™,
st. 2¢]|A] 1,286 cells mL™?, st. 3¢]]A4] 1,460 cells mL™?, st
404 1,729 cells mL™%, st. 50| 4] 1,973 cells mL™t=2 &
g7} A 2AAA F BEE ol 91Xt st. 49} st.5
oA e FEeFS molon, FE} 44 st.62 1,074
cells ML=, 714 Agieh 2E AHelA 119 20
NEEYIE BEge) 1 woten] Halnad Bu
ok (st. 5)¢l|A] 15,665 cells mL™t2 Zo =A]s}9it} (Fig.
3).

AL A A
spiroides®] A-{&S HF 2509 48} st. 54
A. spiroides”} W =215}91& wol:= Zb7 83%, 72%
o HFES BHo 3 A 1SS A spi-
roidesgj o™ o}¢AH 2o omux=q] Rhodomonas sp.
3t} A. spiroides WA Al ogsRE Az F7b
9] A]A (st. 1, st. 2, st. 3)ol| A= 0] 4°C o|3lZ WY
Zrel] wlel A. spiroides:= ©] oA} E&3}A] ek A
22 Stephanodiscus hantzschii 2 o] gl om, A. spi-
roides7} ZA| FAtEl B} (st 4, st.5)d|x]= A. spi-
roides &ETFo] FAZ FHLFAE Bd F3F 47
AN HAF (R o3l H37 Eo] 37} 47
st. 6ol o33FS m|x 119 o] YA|H o= A spiroides
7} JelkS ® 3Fx5F Cyclotella atomus$} 2H 227
¢l Rhodomonas sp.7} 2]5“—74_:5' R s =
IFsoM AEE = ol Ay

=2

o

B

o]31 7}&3} 7-Lel = 5,000cells mL™* 7}7}-g =2 ukAy

& wolxd), o A7lele Yoz T2l 4
oFAFS- B It} (Kim et al., 2005b; Park et al., 2005;
Youn et al., 2010). ¥FH el 2 zA} 7|7k = & de] Fot
5 AlgEdaE sl dad AzEgaE 5|

u-oLhr%] o]x= BAMAS zl31 Qlo] Y= HHo IS
Foohe | fe@ FaRT S B Fo) 44

"1“7] ol on Fx2f{ T EIFS A spiroi-
des ©tUFo]glt} XA A. spiroides A& E X st
1914 119 2996l 4,576cells mL 2 Hd 24 %
A3} skl 129 149 o) Tl 2askA skt st
20| 4= 119 2996 1,466 cells mL 12 Fvjgdw 129
17 o] Fell= EA3A] kskon, st.3 94| 11Y 29
1,874cells mL'2 FHHS Bl F 129 28Y o] Fol&=
Z3A] Atk FFs el $A|3 st 49} st. 5 A=
119 2843} 29| 47+ 3,574 cells mL™?, 11,325 cells
mL12 g on, 12¢ 3047} & o]AF A. spiroi-
des7} 33}t 129 30 o] Foll= H3} A =
E x| A A] A. spiroides7} &3 3}#] aett) (Fig. 3).

3. 0127 24 FE Wl

o] u]e] lEAel =z ¢ Al (geosmin)Z} 2-MIB (2-
methylisoborneol):= ¥} Fo|v} FE27F2 dAEZ A
Z1elsle Aoz odHA gledH, F2F FolA Anaba-
ena spp.= AAAMAH o2 Geosming AJAs= 71 o
ZA el ZFo|t} (Wu et al., 1991; Bowmer et al., 1992;
Rosen et al., 1992; Aoyama et al., 1995; Blevins et al.,
1995; Jones and Korth, 1995). Geosmin¥} 2-MIB: |
A AAEEst 6~10ng L sl kelx glow] 2w
o) A% A7l B8 Hrg 20715 10ngL? o]8)
2 AA3}ar o}k (Whelton and Dietrich, 2004). =] 2]
A HEE AV SN oy AarjEeE 20
ng L™ A= e] 3ok (ME, 2011).

B AT A F2F A spiroides ZAlo| wlE o] n]
B4 F= WI= 2-MIBY| A§ 2E ZARAAA FH
9 20ng L5 WA A, AEEA > dvb o &
okc}. ubd, Geosming A. spiroides ¥ W3}o] u}e}
AR AE 2 2}l S BHEd ZF XA Geosmin
=5 st.19]A] 39ng L%, st. 3¢|A] 221 ng L2, st. 44
4] 289ng L%, st.50|4] 116 ng L™ o st.2dx= =
AAspA] ekorar, F3k7t $A) st.62] A9 A. spiroides7}
Zd3A] ol EAE 447 o wtth Geosmin 5%
7} 7 E3kE st 40| A] 114 2897 129 4ol Z7
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Fig. 3. Daily variation of phytoplankton, Anabaena spiroides, Chl. a and water temperature in the North-Han River.
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Fig. 4. Daily variation of geosmin and 2-MIB in the North-Han River.

1,640ng LY, 1,470ng L2 29| peakES RYEH, &
el x|7]e]l A. spiroides & &8 Z}z} 3,574 cells mL™,
3,185 cells mL™1g]t}. st. 5| A= 114 29Ye] A. spiroi-
des @EeFo] 11,325cells mL12 FHugl o= B3}
3 Geosmin ¥ X+ 64ng L'y om th&de] Geosmin
=%7} 259ng L2 27}l o) st.49] 1/5 A xel| &
Seigice, B9 9ol AS HARS Gy 19T
74t el FAA7] Wi IMFHAE 7ol U
(Fig. 4).

Geosmin®] ¥W3= A. spiroides &=aF3} W33t 3=
o] gl&dl, A. spiroides EFFo] F7IE 1~2U Fof
Geosmin %7} 43 =75l A. spiroides & =gko]

Zashd FdsA gaskela ket (Li et al., 2010).
HA74A] Q5ellA] 7125 Geosmin A FEE F3o|
A] 7,100 ng L™ (Li et al., 2010)53 2™, 5Fl|A] 4,000
ng L (Jones and Korth, 1995), Fel=z]7}e| A 3,170
ng L™* (Wnorowski and Scott, 1992)8 =A}% B} gjth
50| 7% 9 gkellA Anabaena spp.7} Al &&=
E Zx]9] 49%=E ©A3}e] 2,352 cells mL 1S o
Geosmin %%+ 189 ng L™!¢] ©w, Anabaena spp.7} A
A F=eF] 14%<] 252 cells mL™1¢]E @ Geosmin %
%= 179 ng L '93 5} (Kim et al., 2009).

4. 925, o137 B4, 7 A2k A

A. spiroides Z-2lof] °Jf& w]2)= A AAE Fetst
Il A. spiroides®} Geosmin xx2}e] TAE FH5H)
5t AT ARBAE BAsA 24N o]
e 5 w= W9l Fig. 59 k. o2t 42
ARF FolA folg ARIAE Bl FES A ot

g} x}o]= glor} 42, Chl. a, BOD, COD S22 1}e}
o} (Table 2). 317} A4 ZAPR| A A] A. spiroides &
23 ko] ARFAE JeR e st 3(r=0.743, p<
0.01)7} st.4(r=0.709, p<0.01)e|A] v}-$- F-2]3+ A=
AZS B} Chl a, BOD, COD: A. spiroides®} <F9]
A3TA =2 1l o) o] A spiroides Z4]¢]] 2]8) Chl.
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zAE pEe] el byl Wil <3 AR
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Fo Bgioh 2s W Sl o 129 2 2
o) se)abd AFAZLE 1Yz oduct 29 wHEs
ot ofu] eFEA 3k A spiroides®] HEH FHael =
W2 kS n A Ealeith (r=0.380, p=0.06).
HEFE A7 Qe el 2Este] 2
92 4 slow, $47|9 Bt a2 dxh 42l F
23 Helez A= 917] wEel (Reynolds, 1984,
Sommer et al., 1986; Romo and Miracle, 1994), 2 &1
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Fig. 5. Concentration range of water quality parameters in the North-Han River.

Table 2. Correlation coefficient between Anabaena spiroides abundance and water quality parameters in the North-Han

River.
Site ‘{‘éf‘ntgr Chl.a Geosmin 2-MIB  pH  EC DO BOD COD  SS ™ TP DIN  DTP PO-P
St.1 0461 0.846** 0531 — 0317 0267 -0112 0.770* 0569* 0356 0053 0361 0017  0.160 0184
St.2  0614* 0415  — —  -0196 0377 -0.390 0406  0.679* 0028 0231 0300 0244 0331 0.183
St.3  0.743* 0.432% 0636 -0116 0206 0196 -0349 0441* 0149 -0137 -0.254 0237 -0274  0.427* 0016
St.4  0.709%* 0.830%* 0.909%* 0581 0.179 0536** —0.310 0.749%* 0470** -0068 -0.419* 0308 -0.462** 0.357* —0.146
St.5  0428* 0992% -0.156 0713 0314 -0.262 0242 0846 0.772% 0532 -0.666** 0415% -0.649** 0068 -0.157
St.6 -038 0112  0.302 —  -0753 -0086 0112 0.375 -0946 -1000** -0.938 -0950 -0950 -0.959  0.073
*%0<0.01, * p<0.05
FZARA AN A oFe] ARAAE BYlon, 53] st.3(r= Do} (st 4)el| A AFFA o] =EEdT} (Fig. 7). 222

0.636, p<0.01)3} st. 4 (r=0.909, p<0.01)o]| A= <
o7 o] A#AAE el (Table 2). A. spiroides 2}
Geosmin xx.¢}2] 3]7]8A A3} A spiroides’} =713+
o] we} Geosmin =7} Z7}slgon] I s (st. 3)9}

YangheZ¢]|A] Geosmin =% Anabaena sp. &2 (r’=
0.912)3} AHA 7} wl$- 7o Geosmin A. spiroi-
desell 2J3) F= AAdge] S (Li et al., 2010).
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