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Relationship between a Dense Population of Cyanobacteria and Odorous Compounds in the North
Han River System in 2014 and 2015. Byun, Jeong-Hwan, Soon-Jin Hwang', Baik-Ho Kim?, Jin-Rak
Park, Jae-Kwan Lee and Byung-Jin Lim* (Han River Environment Research Center, National Institute
of Environmental Research, Gyeonggi 12585, Korea; 'Department of Environmental Science, Konkuk
University, Seoul 05030, Korea; *Department of Life Science, Hanyang University, Seoul 04763,
Korea)

Abstract To evaluate the relationship between dynamics of cyanobacteria and odorous compounds, a
monthly monitoring of water quality and phytoplankton were conducted at the three serial lakes (Lake Ui-am,
Lake Cheong-pyeong and Lake Pal-dang) in the North Han River for 11 times from May 2014 to March 2015.
In the three serial lakes, phytoplankton communities showed that seasonal changes in Bacillariophyceae-
Cyanophyceae-Bacillariophyceae. Anabaena and Pseudanabaena were dominant species in August and Sep-
tember 2014. At the same time the odors (Geosmin, 2-MIB) were also detected with high concentration. Rela-
tionship between environmental factors and cyanobacterial abundance showed a significant correlation with
Anabaena circinalis and geosmin (r=0.983, p<0.01). In the case of Pseudanabaena limnetica showed a signi-
ficant correlation of total nitrogen (r=0.685, p<0.01) and NO;-N (r=0.723, p<0.01). In addition, similarly
Pseudanabaena limnetica and 2-MIB (r=0.717, p<0.01) was high. The odorous compounds appeared in the
North Han River water were considered to be a direct relationship with cyanobacteria.
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264 HYE - e - gUs
2009). 53], o]FH v EE2 &, w80 WAE YA 1
=9 AT E A e Bf F8E TEcte 1A

oA ArHl FAE 4ot o]Fu
F8 GRFE= Anabaena, Aphanizomenon, Lyngbya, Oscil-
latoria, Phormidium, Planktonthrix, Pseudanabaena ‘5 2]
ZE5o0] BH1E o] 9] OoH (Peterson ef al.,
al., 1997; Izaguirre and Taylor, 1998; Sugiura and Nakano,
2000; Saadoun et al., 2001; Zimba et al., 2001), ©] FE°]
22 AFEE A she diEA L o] Hu] EH-2 GeosminZt
2-Methylisoborneol (2-MIB)7} Q1t}. 0]} 22 o|Hu| &
o = goi} And BEHRS 2L BEAZ 410
ng L9 5mo] WslolA] Qizke] AT 4 glom, g
o] A% 85 FA7IES 10ng L7 0J3t2 A5 9
o} (Suffet, 1995; Whelton and Dietrich, 2004). 2] 4+2+2]
A9 FANES YA, HLE £ FA ROE A
Aste] Wi7]F 20ng L oJsk= e|stal leh(MOE,
2011).

ol3u] BALe oW ohyet el oA 2 BAL
Ty e BFEAR FEEI o AA|=2 FZof 2011
W B3 AN F2R7E ol dSAE doA A
o2 o]gH= BETOA oFu] BAIE doX A7t
ALH (You et al., 2013), ©]F 53} 7o &334
YT oA AEHH o= o]FHu] FHE HHAfo] HilE
SATH(NIER, 2014). SHA|RE §H7 Ao 4] o] Hu] S0
gt Bil= ofA7tA] @A S| RES Ao, d2Fe}

1995; Sugiura et

gbxiat - ozt - AT
o|Fm] Edof gt A& HUE o] Hasirt
weba] &2 A 53 AU S eQl AEET
AE, olFn] EHL R4t fof 27 o|F v 22
9] EEH utotstaAl 20149 5EYHE 20159 3€71A] 9

1. ZARKIE % 712t

ZAAHE 53 ¢4 5 4277 £ £83d 9
43 FEARA(UA; 37°31'19", 127°41'6"), FH 59|
o QH(CP; 37°43'26", 127°25'37"), T ol & ¢H(PD;
37°3122", 127°17'1") 5 Z+ 324 17} AAL AR5}
20149 5ERE 20159 3¥7HA] Y¢S, APE, &
o2 7F duptt 134 AA AT (Fig. 1).
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Fig. 1. A map showing the sampling sites in three lakes (Lake Ui-am, Lake Cheong-pyeong and Lake Pal-dang) in North Han River System

from May 2014 to March 2015.
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6600D, USA)E ©]-&3sto] dRolA A3ttt I44A
249 A THL(TN)E A4 E A (NOs-N)&= 7HE
S o]&stglon, Yo A4 (NHs-N)= H]
H, 29 (TP)T QAAFE S (PO4-P)S ZHFFEH 5 o~
2x4k S o 2 747 £46EITH(APHA, 2005).

o]#u] 22l Geosmin, 2-MIBE =5 $ZAZAE
HAZ (MOE, 2011)°] @2} GC/MS (Varian, US/CP3800)
S 0]835}o] HS-SPME (Head Space-Solid Phase Micro-
Extraction)-& 83t E435I £4 H A& AA
22 93] sto|B S 270°C A 1AZF o)A ABIHAS &
ZF I mL min"'2 &8 4381 20 mL vialo] AR 10
mLe} AAEH FIIUEE (NaCl) 3 g2 o] 70°C, 400 rpm
o2 wykstHA SPME 3tolw o] 3027t F2HAIZTH Al
7Y AAY AL FHAZ ARE 270°ColA 427 22
AA Z1A A 20tE D8 2/ A FE A 7] (GC/MS) (450-GC,
320-MS, BRUKER)Z H4l3}lo] I 2utEgaio]A] 2+ &
AR A7 A& Fste WAL ekl AdiA
AR S ALsto] olFn £F F=E T &
PAAFAL ZAS 10 mLo] EEEFEY (47525-U,
SUPELCO)< 0.005~02ug L™'712] ©A|H o2 H7lsta
HS-SPME ¥ GC/MSZ EAsle] ZF BA5eE er
(LgLHE 7t2Z xH)l, 4 B4 B digsts 943
o HASZ A25 (yH)oll FI8te] 2Hdsksict 23| A4
419 y (i) gell 2+ EA4gkeE 92 HE (A= HY
3 F X ()FE Axtste] E4ER9] & (Cs,ng LHE
T8kt

Cs=(Ax—b)/a(ugL™")

M2 oo o

9 Yol ak AARAY 7127] bl ARIH B g

R R

3. AlZEYSE 24

]

ZAPA Y A== Van Domn 7|2 RS (A 3
cm)oll A EFFE Ao, AEEIFIAEY] 53
A-E A Aee ARE 250 mL Z| 2 Y
Y1, @7l A Lugol §H L &2 (HFFE 1%) L3t
PAZ Hkstgtt 29t IPABE 72417 ol A

Japan)E ©]§3te] F $27H ST, B SolA F3
3 A8 Y29 ol B HolF| g FL FPFOR A

oich FHEY FHE FRFE Cox(1996). FRFE

FOIFIOf2] et 265

JgEunEe] 4YRAS 95 04 RS & £

3t & 1 mLE Sedgwick-Rafter Chambero]] g1l 58 o]A}

SHA A & 335t u] A 2004l (Nikon eclipse E600, Japan)

A E= AlZ & Asiith

NEEgaEs B4edel duuAs 24 99
7

2A717E F9 BAE 23S 9hFOR Pearsond] HA|
S EAHS olgstel ARBAZ LH3ATHSPSS Sta-

ZAZIZE S B3} FAA Y B2 F a2
2~26°CY] W2 YvbEQl glshd et fARE A3 U
EFA T} (Fig. 2) (Lee et al., 2002; Park et al., 2006; Shin and
Lee, 2014). pHE 64~8.79] HYE d7E Z4E o}
A= AgFS Uehy 2t DO 84~140mg L7'9] W92
AZER 5= 2|7k UL, o aofA 6,7l FAl
Hog H}Y3 IS Hop Hjuy £ =5 Ut
A7V AEEE 99~418 uS cm™' 2 YT oA 9L 7+
E2 @ UEdslth
3 AL FAL2 9~51pg L' HYZ Yehge
,AATEAL 0~23 ug L2 W92 Yebg F9lt ¢l

? 3 Hr} oY%, FHToA HwA
=S o, BG3 oA AL B E W
Qrh. 2AAL 138~872mg L7'9 W2 Yehyt
AL AL 099~7.13mg L' HY 2 vehgon,
OmYolgdAAL 002~1.18 mg L9 W2 Yehyth
AL, AL, dEYMY AL BE UT A 9Y
FEE et W, 33 293 7

o 1w
¢ oos wrh Be FEE fAsgon, ¥WE Zo| 2
A hsreh. GgEe) A9 EHASAIA YRAo 2

S Th(Park et al., 2004).

o]Fu £4 % Geosmin® FEX 0~385ng LY H
= vegton, 8o IE3oA 7} w2 FEE A
S8 W, A3 AW Y A AP T AL
RE 55 FAST & oE o|Fn] E2<l 2-MIB2
4% 0~57ng L9 M2 Yephgon 2014 9¥o] ¢



266 S EaXl - 2 S - 8hXI2 . oK - T
30 500
o s 400 |
o Q
= 204 4 300
5 =
= 200
g 10 3
= 2 100 1
=
S
0 0
16 30
14 _
T =
! -
a0 12
2 £
= 104 A
o) ,
2 2
8,
6
10
~ 8] o6
T —
= 6 %0
e 4
E ~—
S 4 Z.
z * o
2 z 2
0 i = “o
400 567 8 91011121 2 3
/4\ 2014 2015
T: 300 / \ = Month/Year
- | \ =
= [ o0
= 200 [ £
£ [ g
S 100 { || = ‘W UA
) a -@- cp
NP EAWE = = W 0l A PD
567 8 91011121 2 3 567 8 91011121 2 3
2014 2015 2014 2015
Month/Year Month/Year

Fig. 2. Monthly fluctuation of environmental factor in three serial lakes of North Han River System from May 2014 to March 2015. UA;

Lake Ui-am, CP; Lake Cheong-pyeong, PD; Lake Pal-dang.
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AHEH, oA AEEFTIE AEF 40~6,288
cells mL™'¢] M 9|2 Uepgs, 20149 9¥o] Mg =2 &
EFS BYon, 1% Pseudanabaena limneticaZ} 3,408
cells mL™'2 AA @& 542%9] v]&L AU
HBT N AEEFIE AEFL 56~2.954 cells mL™
o] AR YR, 2014 9¥9f 7HE B2 FEFS H

Qo I = Pseudanabaena limnetica?} 2,082 cells mL™
2 AR FEFY 705%9 BE&S AASA 2ET
A AEEFIE AZFL 214~3,120 cells mL™'9] H
2 Uehytar, 20149 8ol 7P 2 dEFS BYlonH,
1% Anabaena circinalis7} 2280 cells mL™'2 ¥ d=
FY 73.1%9 HlE&= AA ST AR H o= 7F HHE
NEBYAE WEFE 2 oz WA goltt

7t A AEEYIE TS Uz Y H¢ 2014
| 79 AQsta SEHEE 8Y7A FE2FQ Asterionella
formosa®} Fragilaria crotonensis7} $H4EL0 2 S8R
H, 790l 52752 Pediastrum duplex var. gracillimum
o] dAHe 2 LHFORE FAFIGTH(Table 1). #2577}
HIHASHA £4351E Ao 949, 104 272 Pseudana-
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Table 1. Dominant phytoplankton species and abundance (%) in three serial lakes in North Han River System from May 2014 to March

2015.
Lake Ui-am Lake Cheong-pyeong Lake Pal-dang
Month
DPS cells mL™" (%) DPS cells mL™" (%) DPS cells mL™" (%)

2014/5 Asterionella 952(89.5) Cyclotella 32(57.1) Fragilaria 216(56.3)
6 Fragilaria 2,056 (69.1) Fragilaria 904 (61.4) Fragilaria 528(62.9)
7 Pediastrum 256 (15.9) Aulacoseira 648 (86.2) Fragilaria 576(55.0)
8 Fragilaria 384(19.6) Aulacoseira 288 (60.0) Anabaena 2,280(73.1)
9 Pseudanabaena 3,408 (54.2) Pseudanabaena 2,082(70.5) Pseudanabaena 920 (47.9)
10 Pseudanabaena 952(34.2) Fragilaria 528(52.8) Aulacoseira 696 (62.1)
11 Fragilaria 576 (77.4) Fragilaria 472(79.7) Fragilaria 496 (59.0)
12 Asterionella 120 (31.5) Asterionella 152(35.9) Rhodomonas 88 (41.1)
2015/1 Fragilaria 272(82.9) Asterionella 64 (63.4) Asterionella 112(33.3)
2 Asterionella 24 (60.0) Asterionella 112(56.0) Asterionella 240(81.1)
3 Dinobryon 592 (66.1) Asterionella 472 (63.8) Asterionella 392 (49.0)

DPS; dominant phytoplankton species

Anabaena; Anabaena circinalis, Asterionella; Asterionella formosa, Aulacoseira; Aulacoseira granulata, Cyclotella; Cyclotella meneghiniana, Dinobryon;
Dinobryon divergens, Fragilaria; Fragilaria crotonensis, Pseudanbaena; Pseudanbaena limnetica, Rhodomonas; Rhodomonas lacustris

baena limnetica?} $24Z0 2 &£d3slF o0, o|& 20154
2Y7HA] A TF 2721 Asterionella formosa®} Fragilaria
crotonensis7t $AZ 0B 2P, 3L =29
Dinobryon divergens7t 3522 £33t AH 5ol A
= 20149 SERE 8UTMR] AEHHO R F2{VF AT
o7 ZH3F oM, Cyclotella meneghiniana, Asterionella
formosa, Fragilaria crotonensis 52 0] 38F22 &9
sttt AP 5o A9 9dowt F=2F{ Pseudanabaena
limnetica?t $HFL2 S, o|F A F27U
Fragilaria crotonensis, Asterionella formosaZt 20153 3
WA $4FL2 2AU. BT A$ 20149 59
BE 7Y7A] A &H 02 F272 Fragilaria crotonensis
7F $AFL 2 S5t en, Yol 27 Anabaena
circinalis7} 98 9= Pseudanabaena limnetica7t 82
2 283t o|F 20159 397HA] 272U Asterionella
formosa, Fragilaria crotonensis7t $8%590=2 ZdJct.
20149 9% oS BT TBIFS B Pseudanabaena
limnetica7t SA7Z£0 2 Zd3I9Tt. B2 F Anabaena=
Z 2~34d Bt AN TS TN
°] 290 2 Anabaena circinalis® 7% 20123 o] Sof ot
LS do7] Fo|th(Lietal., 2013; You et al.,2013; Byun
et al., 2014). ‘=& Pseudanabaena limneticall 3% A
ZoA 199899 SHFoR AT A2 Ao (Park
and Lee, 2005), B3t7} AN A Pseudanabaena limnetica
o 97e obArtx) muE w gowl, BE 2 2|40
A 20149 9ol AZ O R SHFORE ST
2AIT B4 HEBFIE 2 U BR
Hg AR NEEFRE WEgel o vgz By

r
i3
¥

th(Fig. 3). 252 A% 20144 5YRE §U7HA| #3274
0] 55.5~100%2] He2 714 Wo| &d3slg o, 2014
9, 1090l = F&27o] 7242 342, 542%= 7P Wol &4
STk o] F 20149 11€5E 20159 28747 ThA] F&
7o) 39.9~100%2 HA=Z 71 Wol &35k, 20159
3o Aol 66.1%2 71 wo] &3t FH
39| AL 20144¢ SYEE YA F270] 71.4~962%
o] M2 71 wo| 2dstgon, 20149 9¥o] UAH
o7 gx7}o] 705%= 7H ol Edstd o, 20149
10976 20159 3L7kA] HA] fF270] 62.3~96%2] Y
AR 71 wo] Qs 259 9 20149 59+
B 79714 F27}0] 55.0~813%9] B &R 7MY Wo| &
ABFA AL, 20149 84, 9ol F=x7}o] 247+ 73.1,47.9%9
H &2 7P Wo| Sdstqtt. o] % ZAMHET}o] 44.9%9]
v &2 71 wol £33 20149 1292 A8t 20149
104 5E 20159 39714 F27}0] 46.6~100%2] H[-&=
7V wo] Edstart.

AAH o2 B3} FANA &, ALH 27l &
HAELRE 2@t AF, 7FEH G270 $HTeE &

™ (Reynolds, 1984),
F3E =9 EAY
SAVSE AFAS BT (Byun et al., 2014).
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Fig. 3. Monthly fluctuation of cyanobacteria and odorous com-
pounds in three serial lakes of North Han River System
from May 2014 to March 2015. UA; Lake Ui-am, CP; Lake
Cheong-pyeong, PD; Lake Pal-dang.

Al 2 Geosming 7-$ 20144 8Y¥ol= IS oA Ana-
baena circinalis?} $H4ZE0 2 £d3}H L, T3 A7)
o GeosminsXE7} =A &A3}9t}. Anabaena circinalis
E Z33t Anabaenas-E Geosmine BAsH= £o02 H
aEo glom, T2 A7 GeosmingE7t Sk A
S 2 E 4 Geosmine Anabaena circinalis7} A3 AL
2 g-E o} (Izagulrre et al., 1982; Hayes and Burch, 1989;
Saadoun et al., 2001; Tsujimura and Okubo, 2003; Wang et
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Fig. 4. Monthly fluctuation of relative abundance of phytoplank-
ton in three serial lakes of North Han River System from
May 2014 to March 2015. UA; Lake Ui-am, CP; Lake
Cheong-pyeong, PD; Lake Pal-dang.

A3t flushing A2 Z4H RASZ AR HTH(Ward and
Stanford, 1983; Jeon et al., 2012; Byun et al.,2014).

o|Fm £4<l 2-MIBY| 7% 20149 99 9|¢t%, HF
3,893 59 2 AN =2 =2 ASHY=,
TUSH A|7]9] 37] RA BEFo A Pseudanabaena limnetica
7t $RFor 2SIV YiEer AdH Pseudana-
baena limneticaw= ©)|F 1] E221 2-MIBE A= £o
2 BaEo] e, &2 A7l 2-MIB7} & =& W4
Bt AoZ B u 2-MIBE Pseudanabaena limnetica?}
A Aoz AAH T (Izaguirr and Taylor, 1998; Jiittner
and Watson, 2007; Kim et al., 2015). 2-MIB+ Pseudana-
baena limnetica7} & dZF o2 ZJHI}AY &£33d}H
U2 1090 v A 2 FEE B, olFv 23
2 el dRRY A9 AT/ AEE o, o0 §
Hol FE&H =, 9ol +HFLR SN Pseudana-
baena limnetica?} AFEsFAA AZU ol &= 2-MIB7} &
2% ZA°Z ARt} (Jiittner and Watson, 2007; Bea et
al.,2008; Kim et al., 2014).

B3 pACA 2AIZE B 8 d2 R 8%
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Table 2. Pearson’s correlation coefficient between biological and physicochemical variable in North Han River System from May 2014 to

March 2015.

Variable Cyanobacteria Total phytoplankton Pseudanabaena limnetica Anabaena circinalis
Water temperature 0.360* 0.544%%* 0.259 0.251
pH 0.104 0.224 0.078 0.068
Dissolved oxygen —0.328 —0.298 —0.205 —0.280
Conductivity 0.478%* 0.589%* 0.568%* —0.065
Total phosphorus —0.081 -0.029 —0.082 -0.014
PO4-P 0.103 0.262 0.185 —0.124
Total nitrogen 0.584%%* 0.632%* 0.685%* —0.063
NOs-N 0.607** 0.626%* 0.723%%* —0.084
NH4-N 0.213 0.260 0.298 —0.107
Geosmin 0.487%* 0.317 -0.016 0.983%*
2-MIB 0.570%* 0.531%#* 0.717%* —0.147

#p<0.05, #p<0.01

821 7+ A £4& AASHAT (Table 2). 1 A3t

2 AT F2@r=0544), A71A
EX (r=0.589), 382 (r=0.632), ZAA A% (r=0.626),
2-MIB (r=0.531)2} +o|3F FolA Fo 4HBAE B
QI AESEFIE BRT T HE2F= £20=0.360),
A7 AEE (1=0478), 284 (r=0.584), A4 A
0.607), Geosmin (r=0.487), 2-MIB (r=0.570)2} 7-2]3t 4=
TolA & HJHBAE Ho Geosmind A LSt A
ASEFIAEL AR 288 Uelt 92F ERT
% Pseudanabaena limnetica®] 739~ A7) A =% (r=0.568),
ZA2(r=0.685), ZAHI A4 (r=0.723), 2-MIB (r=0.717)
o Relg 224 G| STBAL Rt} T 5o
4 BaoH 22 Qo] ATRAET F8oH0] £ AW
2 Mol B QTIAL AAEe BEst dERe §2)
t A BBA 7E UERdTh. Park er al. (2014)2] AFA T}
2 A 7 427 Pot H £ 7= =0
7} 9o, E3| Pseudanabaena limneticall 73-$-
25 IS o|FAZE ZHAL YA got AAtd §
FEAL GO JHBAE 7= Ao g wdEy, 2
A9 H=7} Pseudanabaena limnetica®] 7% AFS
= @48ty AT (Kallas ef al., 1985; Acinas et al.,
2009; Kakimoto et al., 2014). T3} Pseudanabaena limne-
ticax= ©1Fn] 22 2-MIBE AAsh=t], i A3}
AA| Pseudanabaena limnetica?t 2-MIB7} =& ArA|
£ YEelY o] Pseudanabaena limnetical AZ%Fo] 2-MIB
SEo] JFL FL T 240 SAHTt Ana-
baena circinalis®] 7% ©]F 1] E2 <2l Geosmin (r=0.983)
3} GO SENA £ FO ABUAS e ow,
Geosmin G2 AST RE FRoH HUBAT &
QA YEFR] &kth. Anabaena circinalis= Pseudana-

b
i

>k
B

2 oo e

N

baena limnetica®r @8] AATAE 3= ©] & A 3 (Hetero-
cysHE 7L Qe T2 AAY Y I A
AL YeYR] &2 Ao 2 AR EHTH(Fogg, 1949; Golden
et al., 1985; Kallas et al., 1985). Anabaena circinalis= ©)
Ful £42 Geosming APsh=t A 2 £33
Anabaena circinalis?} Geosmin®] &2 ATWA S UEt
W] Anabaena circinalis® AZF0] Geosmins ol 9
Fe e 8T 2aqdo] IUEUTH

T 5 AN 27 Anabaena spp.7t A&
Hol 4 LA SAHE AL ugow, ol =
29| ¢ HAl Anabaena spp.7t B3I A A=
Geosmin®] €91 &2 =2 YEFHTH(You et al., 2013; Byun
et al.,2014; Kim et al., 2014). o] dFoA o) &
Z Anabaena circinalis7} 3522 Ye} APATL 2
et fARE RS Hou, 7k Ee| o] HolA ||
A 2% $HFeR ZEA dd IR Pseudana-
baena limnetica?t A& $AFECZ E33Itt o|Fn] &
2 WA A A| Anabaena circinalis®] @E3F0] =94 2014
¥ 8¥o| Geosmin®] =& =& UEY I, Pseudana-
baena limnetica®] @Z&7Fo] EJH 201449 995 1149
7HA] 2-MIB =7} Bl &4 Uetgt. o] 23t A=
Geosmin¥ o}Uz} 2-MIB7} o] #u| EA|o] ¥clo] &g 4
U= AAFSHH, 837 AoA o] Fu] E2AS A4S
= YZ Anabaena, Pseudanabaena<:0l gt A& Q0 =

Yeee] Bad Aoz wadr.

X 2]
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