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Abstract

In this study, Uiam-sediment(US) and Gongji-sediment(GS) were incubated to analyze the formation of phytoplankton

community and occurrences of odorous compounds from benthic cyanobacteria. For the phytoplankton, 45 and 40 taxa were
found in GS and US, respectively. The phytoplankton species detected in the harmful algae included Microcystis, Anabaena
and Oscillatoria. As a result, a standing crop of phytoplankton appeared to be in the range of 0.9~71.8x10° cells/mL in GS,

0.8~51.2x10” cells/mL in US, and as the incubation progressed, benthic cyanobacteria was increased. The highest number of

akinetes was shown in the initial incubation, and akinetes was reduced by 10% on day 4 of incubation start. After reduction of

akinetes incubated for 4 days in US and 15 days in GS, Anabaena appeared from the surface water. Benthic cyanobacteria

such as Oscillatoria tenuis, O. limosa and Lyngbya hieronymusii was dominant in GS (max. 3.96x10° cells/cmz) and US (max.

5.77x10° cells/em®), forming cyanobacterial mats in sediment surface. Cyanobacterial mats were suspended after 10~12 days

incubation in GS and US. Before and after the suspension of cyanobacterial mats, the concentration of geosmin was the
highest in GS(115 ng/L) and US(175 ng/L). In the second suspension of cyanobacterial mats in GS, the concentration of

2-MIB was increased to the range of 22~92 ng/L.
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1. Introduction
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A7 FHIolAoF AIFEHI §lth(Han River Watershed
Management Committee, 2012). E3F HAZo| ZA) 5=
Oscillatoria, Phormidium & 22 AA4 EZFE geosmin
7 2-MIB$t 22 olAHEZ Y dAxFE <A doH
(Jiittner and Watson, 2007), & YAEFGY o|Fn A
= §2871% FtHChen et al., 2010). 20143 3¥ E37%
Az FYHE FAHANAMY AEEFFIAE ENEH
olFn] WA F2F7L FANA Ed3A L= geosmin
BE7F 94 ng/LE AEHUT £ 2L 3 69 Fdel
MZ 2-MIB7} 27~90 ng/L B2 AEHALSAE BTt
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(POsP)2 TR LEIZHAIE7IF=MOE, 2010) ¥ Standard
method (APHA, 2005)% £3lo] 4319t}
AEZEIES EFTTE ARFY Lugol’s solution® &
2FAAL, AMY Z2FE HFES 22 om’ BHE 100
mL FF5el A48 1gstRn. AEEZA
=7 AXY 279 £42 Sedgwick-Rafter counting chamber
£ A3l 94 dwn F(Nikon, Japan)3lellA 100~1,000
Wl &2 NAFE &SR e, FX2F= Simonsen®] 7
A Al(Krammer and Lange-Bertalot, 1986, 1988, 1991a, 1991b)
of wet FBAL, I 9 EFT2 Chung(1993), John et
al. (2002), Hirose et al. (1977)S F3tHoh
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LA A5 Th B 90 um, 60 pm Nylon# &
o AR £AHoE BEstged, HEH2=E 10 um Nylon
Az o7}35 HHE AEE Panning methods(Matsuoka and
Fukuyo, 2000)& AH&ste] FHEAE EI st #24
FHEAE= 10 mL F9]2 533} Sedgwick-Rafter counting
chamberE AH&3ate] 982k AngelA 100~400 &= &
S AESATh

olFn XL HeE FATAEE YA H(MOE, 2011)
o w&} GC/MS(Bruker, 450GC/320MS)E ©]&35to] HS-SPME

S 2 geosmin¥} 2-MIB(2-methyliso-borneol) S #4553 T}

3. Results and Discussion

(Table 1. A7 & M FRY F22 2043°CO| AT
He FAAHZHZ(GS)o] 74~9.3 H9, LT HZHZUS)
01 7.1~92¢ ¥Y9em, DOE GS7} 7.8~16.1 mg/L ¥,
US7F 6.8~16.5 mg/L 9= Yebgth GS9 ZA¢ 79
Aol Y 49 23Y, 59 79 AF pHY DOY
:C.;_Eﬂ_ iolq_ US_‘:_ 4% 2301 7]_76} l.;olou:" Hﬂo]: &E
AA7A pHE 8.5°14, DOE 10 mg/lLolde FF& #
ki a=g °] 31?} pH¢ DOBE Wsh= XF(algae)d] FF
el gt %5 &dlld FEAHEHCO)S FTFTLEA
pH7} %3ta, DOEE7 F7kste 71& dd Aoz
#AHE th(Graham et al., 2009; Kim et al., 2009).
A7NAE=EE GS7F 126~224 uS/cm HE], US7}t 124~143
pS/em HMHAE Yestom, GSe el AP w2t A
&H oz F7MSIATh USe wig7|zt &< 2 Aol §lo]
He 132 puS/em & FASAT GS AVAERE 5%
7} 44 284 3% Hiﬁﬂ% H?Jr DO &4 9 g&r7t 3%
ZW*’ @x2F W EZL o
F71EFH Al 5

0.4~9.5 NTU, USE 0.1~9.7 NTU9|
FHEAE F7182 3 49 169 F
& EwA JEbgeH, WFAIR F 397}
A 9FE n3d Aoz g USE 39 oF 3
NTUCIStZ #AEN2Y, GS9 FS wWg 37 59 9
o o= Fat 37P6}M‘:}(Table 1).

32. FYH 7o HE}
HAS gl WE JFIF s=Wshe GS9% UsTt F
g ZolE UelthFig. 1). 4@V F F229 B¢

GSt 0.566~2.024 mg/L, USE 0.813~4.468 mg/L W=
Uebtth Use Wl 271 3U3F §43] S7bske] 49 20
Aol 7Hg w2 S=E UERoH, 59 Td7HA AHH
2 #Z2sEnh GSE wig 7] 397 s=9 Wst A
oH, 49 209 olF A FastA, 5E 55U dAHeR
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Table 1. Variation of water quality at Gongji (GS) and Uiam 50 1(a) <US
(US) sediment by incubation period a0 ] &GS
sample date Wi pH bo EC Tur. )
©C) (mg/L) (uS/em) (NTU) T
16-Apr 194 75 99 126 95 > 20
17-Apr 203 75 91 131 79 &
18-Apr 209 74 85 135 5.1 101
19-Apr 201 75 97 135 24 o
20-Apr 199 84 124 135 LI EEEREEEEEEEEEEES
23-Apr 214 93 161 134 08 SER2RINRRA a3y
25-Apr 218 92 132 137 04 05 1(b)
Gongii gg A 229 8. 87 156 1.1 o4 U
Sediment ) apr 229 79 94 16 17 P
(GS) 03
2May 223 82 103 179 23 2
5May 198 87 117 190 37 02
7-May 204 88 126 197 40
9-May 230 83 140 198 58 .
12May 227 84 118 205 55 00
14-May 221 77 91 219 7.1 IS EREE RN
16-May 223 77 78 224 61 SFERESINREAaweSazRs
16-Apr 194 76 100 127 97 20 1(c) -US
17-Apr 203 74 85 137 8l &GS
18Apr 210 7.1 68 140 2.1 %“5
19-Apr 203 72 74 143 14 2% i
20-Apr 195 77 116 142 16 %
23-Apr 214 91 165 132 24 Z s
' 25-Apr 217 91 138 130 20
Si;;“;m 28-Apr 230 88 115 128 06 A S S
s  J0Aer 230 82 106 128 03 z‘: f ;’f‘ f g ;“ g g ;“ % zzz § % §
2May 223 90 143 126 0.
5-May 198 92 119 126 09 *a@ Us
7-May 201 92 117 124 04 s ﬁcs
9May 230 89 119 127 05 2
12May 225 92 123 133 03 £
14May 222 90 107 134 04 S
16May 219 85 101 140 08 & 01
274 9 1 mglLd £F& A8k Fig. 1(0)% 2ol o S
A% Axe GS7F 0.211~1.403 mg/L, USE 0.141~1.886 ffgfigig;“f EEEEE

B 49 24U474A 33
FAHAG. USe wi
=7t
GS9} Zo]

mg/L9 B EAN GSE wig =71%
3] ZAste] 0170 mg/LY F££&
Z715E 49 209744 LS 49 2899
g EgeH, 59 797K E Fo7 TAh F
0.170 mg/LY FF& FA AT

GS gz AS 42 1745 AAF ZF/ol ) o
EZGo]l AAE AFAA 7|E7F BAEE= o] #EH
of WEZ} R4 49 239704 2R/ 43l dos 4
A& At ZMgALrt giHE o2 gddt
Use] A= MEFHe] Ad= 4L 23€4) 2
aF 49 2895H 2R3N AFHEH Zaste 59 12
ARE 0.13 mg/L FF o2 FAFHU
%99 A GSE 0.021~0.117 mg/L, USE 0.038~0.472
mg/Le WHRE US wFxdA A FA=HJLeH, F u
X BT 49 8YFE FUHEI] AlFSt] AEEE AR

AL A

pud
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Fig. 1. Changes in nutrients T-N (a), T-P (b), NOs-N (c) and
PO4P (d) at Gongji (GS) and Uiam sediment (US)
samples during the incubation period.

A A&HoR F7Mete AU 0472 mg/Lls YERTH
(Fig. 1(b)). AAH1L GSHIEZNA 0.002 mg/L ©]3tZ
A&Hgom, USAME 49 28% ©]F 0376 mg/L7HA
A&H o7 Frkste TS UebldthFig. 1(d). °l¢ &
o] J4EA 2 Fol Frkske EUE Table 16 et
upepgo]l USHIFZS] pH7E 7.7(42 202)°lA4 9.1(4€ 23
2 Fod w FERHe FEZ FHH A &2
A7) MELR AGETh HHES pH 6~9 HAAE
g Q1 §&2 pH 99A 5] F7tete ATZ 94 (Jun
and Park, 1989) FANGE Ao g wdET

GS% USY 44499 =& Forsberg and Ryding (1980)
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9] 7|&o2 BYUKT-N: 0.6 mg/L ©]4, T-P: 0.25 mg/L ©|
Aol A ZFHT-N: 1.5 mg/L ©]4, T-P: 0.1 mg/L °]4H<]
B LA (Trophic state)2 UERECH, 8% AQ A
SAANY dBF JLEFY FE(T-N: 3.324 mg/L, T-P:
0.032 mg/L)% A +E0 AL E YEFSITHNIER, 2014).
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GSHIZRY] ZAEZZIE P& 0.9-71.8x10° cells/mL
Z7)dlE dto} 49 28U HE FEFo] A&
o JrletdA 59 14de Ho FEFES e

N
e
>
»

499+ Cryptomonas & Rhodomonas 49 X5
o2 280x10° cellsymL7tA Z715ldth S28= F2 1)
& Z7]o] FEFo] Egom, 59 99 o]F 10.0x10° cells/mL
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Fig. 2. The cell number of Phytoplankton at Gongji (GS) and
Uiam sediment (US) samples during the incubation
period.

2 Monoraphidium contortum, Chlamydomonas angulosa &
o] 23k ¥ERFE 279 2.0x10° cells/mL ©]3he]
< AEFE Ueon, 54 59 olF A&EHeR FUt
o] 448x10° cellsymL7AA F7tstAth G279 29 A
z719l Microcystis aeruginosa, Anabaena circinalis, Oscil-
latoria limosa & F3'dZF(Park et al, 2011)Z EFH
Agzgase FHsgoy, Aegel ke A4 59
549 o|&o= Oscillatoria tenuis, Phormidium valderianum
var. tenuis &F B2 A FZF(John et al., 2002)7} =
AEFS YelllY TE2FE QAR dE&Fo] dhon
Nitzschia, Synedra & F3TTZ(MIKAEH, Order Pennales)
7} 2 EJdSAHFig. 2).

UsHl 29 FAEEFAE AEFE 0.8-51.2x10" cells/
mL HRew, Mg 5971 204 TFE2F Cyclotella
atomus 7} 42.4x10° cellsymLE 718 ¥4 EdAsidch 2
T 49 28971A Cyclotella atomus 7v AEFe] F24 73]
23193, 598 54 RE FR2F+= Chroococcus sp.7F 4
024 75~13.1x10° cellsmL7kA] E3IH oM, o}¢-HE
Phormidium tenue . SZF5 HAZ dEFo] dgon,
T8 EdFT2 Monoraphidium contortum, Chlamydomonas
angulosa 2.2 GS¢ A tHFig. 2).
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34. E|HE HHYzo| FHEA SEH

M2 #Fol st HE ExRFe F 5
H ¥ 2 (akinete)S WEH, o] THFW TA] AEFHA
gt 3% 23 EAsHe oHd FHIA dEF2
FAAQA G227 HAFo] HER 9F 7MKth Fig. 3
7 Zol HAZ Wi 5% FUIHoE HARZ 2
¥e FUEA AEFS AR 2, F ouHgx BF
HlFzrdEe o, Mg APLrE JAHoz 7
aotgnh GSH xS FHEAE %7] 500 cells/g(w/w)2
A&Ho], wlg 2979 200 cells/g(w/w)E ZAsIR I, 4

4 209 olFole FHEEHA stk US wiFxREe =7
2,200 cells/g(w/w)2A4 GSETE @&Fo] Eow, uek
A& & FA6] FAastd, 49 209 o] Tl vlF TE A
7FA 120 cells/g(w/w)el FF& 745+ th(Fig. 3).

GSHi gz FHIEIA A& 82 ‘FlxF 22 4 4
2l- e A7+(Han River Watershed Management Committee,
2012)’914 25~660 cells/g(w/w)S] HYIE YeEbdty B2u
St A FASHATE B FHEASY FAFFS AEST
oA 39~5€ Alo] 3500 cells/g(w/w)E EEIFIHoY F
20] 20°C olFez F7tske 59 ol F 233 cells/g(w/w)ZE
Z28k=(Kim et al., 2005) A3} GAletdth

FHEAS] Wol(gemination)® WA ERwoly &7
el =A% 20°C, 40 pmol m’s'e FANA 3Y F
17~28%¢] H| &2 Wolsts o2 ¢#HA Uth(van Dok
and Hart, 1997). & AFdA= wjFAH 347 FHER
o AEFC] 10% FEL2 FastAeH, Use B Ana-
baena crassa 7t WF 44AQ0 4€ 20¢€] &3] AlF
Shed 130~752 cellsmLe] M2 28947HA] YR THFig. 3).
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Fig. 3. Number of akinete cells and Anabaena vegetative cells at Gongji(GS) and Uiam sediment(US) samples during

the incubation period.

T B30l R FUIATL Folsto] A
o

3.5. 0|F|0|] S&(geosmin, 2-MIB)2} &=

FAANAN BAHE o)AMED LS EE2F
S #Ho] glom, EHIEY EXRFET AXY FERe
A YIME JFE Lokl Bigt(Jitmer and
Watson, 2007).

GSHlF=2] F-$ geosmin 5~115 ng/Le] HHZ 49 28
doll 7Fg whow, Hd Al71Q1 49 25990 AAAY
ZF(benthic-cy)?] BEFHL 396x10° cells/em’2 7HE =
St HAES FH4E FEXF WMEJ EFoE 12 4
SHAL(4E 26%), BFoRE FAS WEE 49 2899 §
AEZos oAl AZsHTh AMAY EERFIE 2.25¢10°

F(54¥ 59), 27 WEI 9

A dxmjES 7

4 o]Fo= geosmin®] obd 2-MIB %7} 22~92 ng/L%]
BAZ F7FstR S H(Fig. 4), o] Al7ldle /4 9279
FEHE 44.85%10° cells/mLE ESHTH(Fig. 2).

200 A E : 7.0

¢ Cy-mat suspension *
: Yy suspens : 6.0
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Geosmin and 2-MIB Conc. (ng/L)
& x©
(=1 (=1

=
:

=O=Geosmin

mmm Benthic-Cy

USHl %Zoll A geosmine 3~175 ng/Le HHZE 59 16¥
o Adl SEE UeEoH, AXNYEERF= 12 E F
FAAQA 49 2890l 577x10° cells/em’® 71 A& Fo]
=9t 942F WEZ ¥2o= 13 Rastdned 29
), 5€ 59 SFF WMEY 23 ¥4 o]F, 2-MIB 5=/}
Z7tehe AEES JeElT. USHlFZolA geosmin EEE
AN Fx2R7F 7PE 22 ART IV F AMEstE Al
of =SkthFig. 4). ZF MR S F2F $HES
GSHlFZN A Oscillatoria tenuis, O. limosa =9 FZF7}
F2 FH3¥ e, USAM= Lyngbya hieronymusii, Oscil-
latoria tenuis, Phormidium corium ©] 2 339t &4
ZF7Z Zo A Oscillatoria tenuis, O. limosa, Phormidium
olFAn AJFo=Z IHA AL H(Jiittner and
Watson, 2007), O. tenuis 2] 7% GSHILZolA HEXF ©
E9 13 B3AA 3.41x10° cellslem’, 23 WHE
Aol 1.93x10° cells/em’2 o] 1] FXo] F2 9UF
doEnh US wiEEd M= Lyngbya hieronymusii 7}
F WEY 13 BAAA 5.13x10° cellsem’® E

ZFS Jehllon, 23 B4R A™E GS9 2ol 0. tenuis®)

corium-<-
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gl ol o o
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200 1 o o r 7.0
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Fig. 4. Concentration of Geosmin and 2-MIB and number of benthic-cyanobacteria (benthic-cy) cell during the incubation of

Gongji (GS) and Uiam sediment (US).
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=] 1.96x10° cells/em’2 STk Lyngbya hieronymusii Ho] Zs}stTh
£ o1AWER Agd B FAAA LR EAo] S 3) 33% 239 wgxr] FUHEA dE2F2 GSHlgRE
o, B AFZE oARER BHF #Ho] s AL= 500 cells/g, USE 2,200 cells/gZA wjgol] wal FHE
AtsE T e Baste] WG 49A o 10%Z BasHth E

o] 4} o] & 20°C, 40 pmol m’s! BEZRAA 3~4 2 X Anabena 7} E@A17]E USE Wi 497, GS=
A F ANY F2F 9 WEZ A, 10~12¢ F 1544 &dste] 54 %011 X FHIAL ol
de WME} 24EE A& Fgladnh ANY Fx2F/ vl o FAA AEHE Aoz AdHT
Eo A 9 B4 2/ dEFH HIld ¥4FS vxH, 4) 8= ﬁ_%«] UHEOHHE- Oscillatoria tenuis, O. limosa
o]#u] EZQ] geosminZ 2-MIB & W3l E F23 9D Lyngbya hieronymusii 5% AAE Fx2F7F E33F
A7 HE AL FAsAT BF Ao BHA E2F Atk GSolA A 3.96x10° cells/em’, USSA Ath 5.77x
7} £835A gogE ANAY 27l ds olHHst # 106 cells/em” 2 WJES FAstgon, Wl FAZ 10~12¢2
g 4= QlthE(Chen et al., 2010; Sugiura et al., 1998) R ) E7} BAEA )
o] £ AFAAE At T FAA AHY BS 5) OHUl EZ2 GRmEY RAA7IE AFZ geosmin

201339} o]FH7] A
gement Committee, 2013)1 A= 6~129 ©]Fw] K<l
77t E£d8A L2l T geosmin®] 32.8+24.5 ng/LY W
A2 AEHPLeH, & AFAAGg Zo] AXY FxFol
el o]Hm Edo] T AR ALRHTH

durdog olHAMERDS £FY VIS Mg+
AAZ A9 wiEHA LA AE7de AW FHE =
o] AR wEEHEe A2 deiA UrhBac et al, 2008;
Jittner and Watson, 2007) £ A7 ZIME AAMY &
Z7 WEY Fad wat 2R/7F AFEst olFHm &
%7}0}— 2 Oi g 2y 239 Ex2F7F 285

¢l ¥-*(Han River Watershed Mana-

=z

[e)
-

A G= 39 olFH ol BEFE XA FxRF
9t ﬁ—‘li g e vk oFH 2y AJAER
G2F ol FFol(Penicillium spp.), FAF(Streptomyces

spp.), oHlvk(Vanella sp.) 5°] AL EZ(Jiittner and Watson,
2007) o] ZEE Za7}t vk olFu] Y AJAEFLL

2 F4ZEH+< Oscillatoria tenuis, O. limosa, Phormidium
corium D Lyngbya hieronymusii & AX7 G U3l

7 2Rz WE oAn FRS 5%, oFn 447

59 ATE A&Ho7 o]Rojxol & AoZ AlgHT)
4. Conclusion

W EdsteARdERT F29 HA3US)TH
AFAH HHEG iS)S v, o]
= 1:11 O]HU] \:ﬂ—}g-;l

gz F7kEo] pH
a, ﬁ‘ﬁ pH 9377]'?(] F7bsted
0.044 mg/Lol A 0.472 mg/L
2}010]'91‘:} 4-?} H33

2)

-

Mlcrocystls Anabaena, Oscillatoria 7

on, WG A Frtel w2t Xi K

s27h b BROH(GS: 115 ng/L, US: 175 ng/L),
GSe A% F WA BEF E Fo| Tt 2MIBY
B} 22~92 ng/lLe] WYE EUtetd, AXAE Ex2F
ES FAHFH o] oFHER T Fag AT
9e e FAsan,

- RN=
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