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Temporal and Spatial Distribution of Microbial Community and Odor Compounds in the Bukhan River
System. Byun, Jeong-Hwan'? (0000-0001-5422-2950), Mina Yu' (0000-0003-2047-7589), Eunjeong Lee' (0000-0002-
7260-1900), Soon-Ju Yoo' (0000-0002-1860-131x) Baik-Ho Kim>* (0000-0002-7144-0770) and Myeong-Seop Byun'*
(0000-0003-0997-2415) (‘Han River Environment Research Center, National Institute of Environmental Research,
Gyeonggi 12585, Republic of Korea; *Department of Life Science, Hanyang University, Seoul 04763, Republic of

Korea)

Abstract  Odor compounds (geosmin, 2-MIB) have been causing problems in the Bukhan River system,
but the causative organisms have not been clearly identified. To evaluate the relationship between dynamics
of microbial community and odor compounds, two times monthly monitoring of water quality and microbial
community from the three serial lakes (Lake Uiam, Lake Cheongpyeong and Lake Paldang) in the Bukhan
River system were conducted from April to October 2017. The odor compounds were analyzed by HS-SPME
analysis method using GC/MS. Bacteria communities were identified at the class level by NGS analysis.
Actinobacteria and Betaproteobacteria were dominant taxon in bacteria community of three serial lakes. In the
case of phytoplankton communities showed that seasonal changes by Bacillariophyceae and Cryptophyceae in
spring, Cyanobacteria in summer, and Bacillariophyceae and Cryptophyceae in autumn. Dominant species was
Dolichospermum (= Anabaena), Microcystis and Pseudanabaena in Bukhan River system in all study period.
At the same time the odors geosmin and 2-MIB were also detected at high concentration. There is a significant
positive correlation between proportion of Actinobaceria and 2-MIB concentration (r=0.491, p<0.01). In
addition, proportion of cyanobacteria showed a significant correlation of geosmin (r=0.381, p<0.05) and
2-MIB (r=0.386, p<0.05) concentration. In this study, odor compounds in the Bukhan River system are

considered to be a direct relationship between with Actinobacteria and cyanobacteria.
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H o]3}eta W3tz naAE9 oS4 Fol TS
Z AHA 9 2 o] &l Azt ZAE oA "ok
(Hayes and Burch, 1989; Lawton and Codd, 1991; Park and
Jheong, 2003).

53], A 9 27 Fol i & BS 22 i
AHEE QA EE olFH Ed0] &, %3] WAE EA
AA 1= FeAEE A F< & >
st BolA AulHd 2AE
o] ZAE ¢ov|= d&EFQl o]0 S48 geosmin
T} 2-Methylisoborneol (2-MIB) &2 9]|™, geosmin<
Gerber and Lechevalier (1965)°] 23] WAFo=zHE &
g3t A4 A3 EAHIL, 2-MIB FA| FAHET &
27 TY A=A FHT olFn 222 RuHY
(Bentley and Meganathan, 1981). WA o] €]of o]Fun] &
A& AA3lE EE2F[E= Dolichospermum (= Anabaena),
Aphanizomenon, Lyngbya, Oscillatoria, Phormidium,
Planktonthrix, Pseudanabaenass So] HI1E gl om
(Peterson et al., 1995; Sugiura et al., 1997; Izaguirre and
Taylor, 1998; Sugiura and Nakano, 2000; Saadoun et al.,
2001; Zimba et al., 2001), o] Fu] EZL 42 gloy
Ard 2GS FE BUR 4~10ng L9 FE) 9
oA QZto] FAL 4 loH, A2 L F&5 A
71%2< 10ng L™ o]3t2 A&t Qlch(Suffer er al., 1995;
Whelton and Dietrich, 2004). $-&|12+9] AL HFAI7|&2
YA, HeEw o AA FELE A5t Ha7]E 20
ng L™ o]3t2 #ajsta JhH(MOE, 2011).

Z 2 olFm] 2L TR oty oA FA] & T
AE B Qe BHFEAR FEEL ot vt 3
+ 2011 B3 AN GR2{I oFSAS 4o
Frde g o] H= BF3 oA o]Fu|EE F Geosmin
o] 2 T== A=Y £A7F € AH=7F Ao,
201490 o|Fu] B3 F 2-MIB7} £33 A &
2 =2 HEHo A7} FJth(You et al., 2013; Byun
et al., 2015). o] ¥ &3} 72Eo HIY, 23 59
A A& o= olFn 29 TAo] BuEITH(NIER,
2014). sHARE, A W H2F HEE Al o] 22 F
Aol tigt A4t mEgt Aoz, 247 ' A4L27]9
A sH= o] Fm] ZA ol tef A7t B asit

oehA 2 de 53 FAWY BH e, nadE
(e go}, AEZEHIE) 23, o|Fn B HAE 5
3 mladgE 2 Hsle} o|Fn| E4 Y FHE wofstn
Z; ol Fu| Eo| WAs= B3 A9 JUs, FB3,
33T Ade AAst, 201749 445 E 10974 2AL
£ AAsIT
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ZAAHL 20119 5E o] Hu] EZo| vlwsHA LAY
9 537 A F U5 F=ARR(UA; 37°51'19”,
127°42'49"), AW SH(FWS; 37°4326", 127°25'37"), &
99 OF(PD; 37°3122", 127°17'1") S 37 AL ARG
™ (Fig. 1), 8742219 H$ 2017 495E 10¥97H4] 4
13], o]Hu] E4 4 u|2E] ¢ 201749 49HH 10
717 4 234 2ALE AAEH4TH

A S FAEAGEE TABHEANYY 2R
2 Q2] wet Aostgon, 4B BAYE
28 Ydld Bustel APUR $71 F BAS

FAZANGE 5 42 (Water temperature), 40|25
= (pH), 8&At4 (Dissolved oxygen)+= EF+ZAEA 7]

(YSI-6600D, America)E ©|-g&3to] @A oA A3t
JFYR A A $2FYLOINE =8 89
H, EE2ZQA(DIP)L of2F2HAL SHHo 2 747k =
H AnE EREAEA L 3HE A5 E EEsHh

o]#u] &3¢l Geosmin, 2-MIBE HEE $AZFA|FE
X (MOE, 2011)°]| we} 7|42 2ntE 2 o)/ d g2 4
7] (GC/MS) (Varian, US/CP3800)S ©]£3}4 HS-SPME
(Head Space-Solid Phase Micro-Extraction)& %]-&3}¢]
24Tk B4 A AR AHES 95 stolHE 270°C
oA 1A7F o) AETIAE §F ImL min 2 Z8 &
48kskal 20 mL 2% (viah)oll Al& 10 mL} FAE 4
FPIEF (NaCl) 3 g& 2o 70°C, 400 rpm e 2 wHtslH
A SPME 3}to|#of 3027t 2 HTH A& HA] 2
T FRA AR E 270°CollA] 423 DA A GC/MSE
A5t ZF BAAGEY ATHE YAE st WA
ot AAARTAYS FEste] olFn] £4 =&
Tttt AHZ TS A 10 mLo] 2E2EF-EY
(47525-U, SUPELCO)Z 0.005~0.2 ug L™'744] @A &2
Z H7}38la HS-SPME GC/MSZ £43le ZF 435135
9 F& (ugLHE 7t2E )0, 24 B2 dgst
AR Y WA A2 yF)oll Flste] 28t 24
ARTAAY y (i) #holl 24 EAgkeHE 914 ¥4 (Ax)
At & X ()= AAste] £4E549 5= (Cs,ng
HE F3kat.
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Fig. 1. A map showing the sampling sites in Bukhan River system.
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ol ¥, T?j:(Lugol) SHOZ (FFTE 1%, viv) 1F
3t TAANBLE 48A17F oA AAAT & 2T =%

=TT o
o wa} Siphong o] &3t ASAL A A WpHog
2~5H) 5EF ¥ ABEYAES BASAT 5HS #

] ©
st u| A 200~1000HH (Nikon eclipse E600, Japan)E ©
&oto] T VA AL, FY HolA FRI AE %
40 Ho|2 ROl Y 5 DIFRF ()02 A
At 28FY FHLS FRFE Cox (1996), $2FE
Akiyama et al. (1981), HEZF = Abe (1981) 59 &3
& Fmstgc,

AEZFIES AHFHANS A3 TAE AZE 2 &
et & 1mLE Sedgw1ck Rafter Chamber®] @11 5& 9]

A QEA A7l & spskdn] 7 200~4008) (Nikon eclipse
E600, Japan)oll Al 24| = Al =5 A58t

e gol 34 Al A AlE F 200mLE 0.25
pm HEHQ! HE (membrane filter, Whatman, England)
o] o3} S ™, DNA extraction kit (MO Bio, Germany)
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o] Z2EFo| Wzt DNAE F&353lth. 54 DNA+=
A F 71 A D& (NGS; Next Generation Sequencing)
- o] &351¢th. vhe| 2 o} Operational taxonomic unit
(OTU)Z 97% sequence Aol wet FE3HAH. 54
o] AgdE flsl WHZotE A (Class) =74 $7st
Fom, FARE7IAE 42 APHA DNA F& &
LTSW &4 Al (www.bccio.16mb.com, HongKong)©] €]
& EAsto] =35kt

uhe 2o} dEFS DAPI staining HHS 0]-&35k0] A
T &S BE61F o0, DAPI staining DAPI staing
Kit (GenScript, China)E ©o]&3}o] MZE 3PS o]8-3

338F& u] 7 (Nikon eclipse 80i, Japan) Aol A A4}t

53 A0 2@ nadE=Y SF8d % oF
o 49 JBAAE 245 s 2AIE S &
A AE vigo R HES Al Spearman®] /4
TR EAHE o] &sto] 4UBAE ZA5HATH(SPSS
Statistics 21. IBM).
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Fig. 2. Monthly fluctuation of environmental factor in three serial lakes of Bukhan River system from April to October 2017. UA; Lake

Uiam, CP; Lake Cheongpyeong, PD; Lake Paldang.

‘169 °F 815 mm)7F A oH, I F Zw7]¢l 74l
500 mm o]4ke] 797t A% WA AT (Fig. 2). 4-22]
39 124~28.7°C] W2 Yelgon, AR 7+ 2
Aol etk Bt &2 21.0°CE GyhaQl Fuishd
o 4~109 Apo]9) S 3} GARE FFL LEPHITH (Lec ef
al.,2002; Park et al., 2006; Shin and Lee, 2014, Byun et al.,
2016). pHS] 7§ 7.4~8.89 M2 Yelton, Z AR H
7t 2 Zol&= gtk A7 M EEE 93~267 pmhos cm™' €]
W2 dehgon], 3Y5Y WHEES gE. By
Bl vl) W vebgeh § 2414 (D0)Y B9 80~12.1
mg L9 W9IE AREE HE Hol7t delon By
Sol A 69t 9ol A ehdeh. 4Bk Baa 7Y
(BOD)2 4URE 6¥7HA] YT oA 1.6mg L2 ZAF
Ad F 7P A UEhaL, 7458 10897 = 292
oA 1~22mg L7'2 ZAHE F 7HF A Yehgod,
YIS E AP B Img L' o3t WA yersith
o459 4-¢ BOD7} A Uehd 347 627hA] v
ol dEFo| FBE, FF3 o vl =4 =8 BOD7}
F2 #goR yed Ao 2 wdEn, B3 o] Z¢ BOD

7} 22mg L2 7H &7 dehd 39 742 AEEFIE
HEFo] 5933 cells m L' 2 &7 Ueh} A EZHIE9

o3t BOD 3712 #tEt

PUFd F EE2FHLDIN)E 1.16~528 mg L7'9] ¥
A= vehgen], 59 A &3 2A|TE B AT oA
M =4 debgth 8EFA (DTP) 7% 0.007~0.107
mg L9 92 veton, 2A7|ZE 5ot o gmeoA
7P =4 YEtETth BE AR HA 7d 8EFE
&(DTN)&} §EFA(DTP) =7t 718kt o= &
<7l B2 A9z d3l Bl FAH A" f71E0
FUEHY IFE T2/t =4 UEhd Aoz gdEn &
EFH4(DIN) 2 §EFU(DTP) = ddzoA 7t
F 22 =71 vetgen, U3 E A 9g thE 2AH]
b ol AA Stk B pAle AAFoR
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al., 2004).
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Fig. 3. Monthly fluctuation of relative abundance of bacteria in three serial lakes of Bukhan River system from April to October 2017. UA;

Lake Uiam, CP; Lake Cheongpyeong, PD; Lake Paldang.
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proteobacteria, Flavobacteria, Saprospirae2 UEFG O T,
99 BRZS B, %, B 5 ANA A chst
A BEx=o] Qe Fo2 BuE] Qltk(Bernardet ef al.,
1996; Parveen et al., 2011; Newton et al., 2011; Kang et
al.,2013; Bai et al., 2017). A A HNA 714 =4 S8R
H BEHF2 Actinobacteria®} BetaproteobacteriaZ ZF &
Aol 23 AANA 30% o4 A8+ 2H (Fig. 3), ©]
ZI}+= Actinobacteria®} Betaproteobacteria?} BAY A
oA =T 22 AEFolgte Huet 2 Aot
(Klausen et al., 2005; Newton et al., 2011).

2t YA reziol BEe 9 TS Asinw,
45| % 104~39.8 10° cells mL™'9) M= vrebyt
1,109 2490 1Y ¥ BEFL vebion], 59 15
dofl 71 A vrebgtt. | gloh @ERFE E47] o] %
w5otHetl, ol El EAst= vtEl otz 3¢
PPz pAO o FUHHUA HE ol AEF o
FHoz F7retaL, A & =9 4ol +A
Wz gase] et $A5] S 2A0R %
B39E Ao ARHT 53], 0] A7) SHEFZL
& Z¥ 3} Betaproteobacteria £-772 829
4229

il

>N o 2

3 ot ERToR §E25344 o
UERGE 2¢tS o A Betaproteobacteria®) =7}
AFE Ao Z HAAEHT(Niemi et al., 2009; Louati et al.,
2015). AJ71H 934 EH+ WH3lE= 499 Actinobacteria
7 =2 v|82 4 &dP o, 5, 6¥9] Actinobacteria,
Betaproteobacteria, Alphaproteobacteria’} £ E o] 4
93}t o] 7Y HE FFE3] BetaproteobacteriaZl $-
d &4dstl

9359 A% 5.8~27.610° cells mL™'9] M= ey
3,104 244 7P =& AEFE YEeH, 44 10
dof 71 A YetHth FB L9 vtE o AEFE 2
7] ol Frtet e, ARAHY AT AHTL «
ARt RS UEch 3EE GA| 9o dFer B
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< A0 E dddEt 93 EFT H3e AL
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WL, 1049 240 7P w2 FEFS Ueten, 54 8
dof| 7P A Yetgth SEE 9
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AAZH o2 v 2ol FEFZ AT oA 7P EA
Uetyten, @& Hale AA ZARRHA AR o
g3 Ut gt ol 4 ¥idts U E AT A
BE, 2F3 AN FABHA Y=t JdEe 3
S BEE, 2T A v FdHoz fFo] A1
ZAMA A Y] o] Yot Za B FYEH= HhE ot
AEFo] o2 Ao g ddider A Ugson,
T+ F2 A gE2A yepd Aoz AlmET

B3 2ANN 2AZ B AESLIEL ¢
7 278 373 49% 102%0] ZHeATh 2 AAY A2
FaE @2 9 24 WSS Aved ogse 4

dol 7HE =2 FEFS UElen, 7¢ 104 7t
A debgth A7 38F ¥ge 23 468
o & Cyclotella, Synedra, Fragilaria & 59 2%
b7 EERO, Seol 45Tl Tt LHRERY
Pandorina 4°] 34 £33}t
(Table 1). 5H<¢ 7,8¥9] 73 7% A7 7¢ 10
o, 8¢ 28¢) ¥& F2o= EFSIAL 27 Nitzschia
&o] 24 g, ole E7] Aol ot IFF
o2 godn. e Z82 oFH 2HY JFZ
7t FREHA Uehs 4% 7HAIAL e (Ha et al.,
2005), 74 1049 A% A AR JFZF Al7lo EA
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E dEFo] HobA 80 cells mL™'9) W dEFoz &
&3t Nitzschia palea?} $8FLZE YEIGS ZLoZ A}
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2 84 2899 AL F WA JFAS olF 4
ZALZ 1,402CMS9] B2 W WRF(EHAS LFHF
CMS)°ll &gt flushing &3 Q3| Nitzschia paleaZ} 150
cells mL™'o] Fe dEFoZ o3 ZHAPS 222 A
B ¥t} (Ward and Stanford, 1983; Byun ef al., 2014). A&
A 797 dAFA] AUE A7 G272 Microcystis,
Dolichospermum (= Anabaena) 4°] $3 £33+, o]
£ Berl 27 WERS olF #UE B FEY 4%
E (N, P)I} =20f oJsf UYH AR HE, 2T &
G 2AG) B AREYAE 28 YL SA A
A4S BT Byun et al., 2014, 2015). 7FH&H <1 9~109
o=

[HUNNS

d
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S
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Table 1. Dominant phytoplankton species and bacteria class abundance in three serial lakes in Bukhan River system from April to October

2017.
Lake Ui-am Lake Cheong-pyeong Lake Pal-dang
Month
DPS Abundance DPS Abundance DPS Abundance
Phytoplankton (cells mL™") (cells mL™") (cells mL™")
4/10 Cyc. atomus 1,240 Syn. acus 610 Cyc. atomus 1,420
4/24 Syn. acus 860 Syn. delicatassima 880 Rhodomonas sp. 1,060
5/8 Syn. delicatassima 1,280 Syn. delicatassima 1,610 Cyc. atomus 320
5/15 Rhodomonas sp. 1,520 Syn. delicatassima 1,220 Rhodomonas sp. 720
6/8 Fra. crotonensis 3430 Rhodomonas sp. 440 Aul. granulata var. 2,200
angusrissima
6/26 Pan. morum 9,920 Fra. crotonensis 220 Aul. granulata var. 1,040
angusrissima
7/10 Nitz. palea 80 Rhodomonas sp. 1,420 Aul. granulata var. 580
angusrissima
7/24 Mic. aeruginosa 3,280 Pseudanabaena sp. 1,800 Aul. granulata var. 460
angusrissima
8/7 Dol. circinale 3915 Dol. macrosporum 571 Rhodomonas sp. 1,300
8/28 Nitz. palea 150 Syn. acus 250 Sce. ecornis 320
9/11 Nitz. palea 190 Rhodomonas sp. 320 Cyc. atomus 960
9/25 Kir. obesa 520 Rhodomonas sp. 1,040 Aul. granulata var. 880
angusrissima
10/10 Rhi. eriensis var. 490 Rhodomonas sp. 460 Rhodomonas sp. 540
morsa
10/24 Cyc. stelligera 870 Rhodomonas sp. 260 Cyc. atomus 4,360
Bacteria (10°cells mL™") (10°cells mL™") (10°cells mL™")
4/10 Actinobactera 471 Betaproteobacteria 113 Actinobactera 150
4/24 Actinobactera 596 Betaproteobacteria 131 Actinobactera 144
5/8 Alphaproteobacteria 256 Actinobactera 126 Actinobactera 148
5/15 Actinobactera 294 Actinobactera 196 Actinobactera 171
6/8 Betaproteobacteria 592 Betaproteobacteria 224 Actinobactera 241
6/26 Actinobactera 634 Actinobactera 303 Actinobactera 390
7/10 Betaproteobacteria 806 Actinobactera 550 Actinobactera 413
7/24 Betaproteobacteria 1,348 Actinobactera 607 Actinobactera 482
8/7 Betaproteobacteria 1,113 Actinobactera 367 Actinobactera 349
8/28 Betaproteobacteria 1,010 Betaproteobacteria 651 Betaproteobacteria 350
9/11 Betaproteobacteria 1,202 Betaproteobacteria 614 Betaproteobacteria 333
9/25 Betaproteobacteria 1,106 Betaproteobacteria 570 Actinobactera 384
10/10 Betaproteobacteria 1,172 Actinobactera 638 Actinobactera 407
10/24 Betaproteobacteria 1,234 Actinobactera 1,085 Actinobactera 445

DPS; dominant phytoplankton species. Aul; Aulacoseira, Cyc; Cyclotella, Dol; Dolichospermum, Fra; Fragilaria, Kir; Kirchneriella, Mic; Microcystis, Nit;

Nitzschia, Rhi; Rhizosolenia, Syn; Synedra
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Fig. 4. Monthly fluctuation of relative abundance of phytoplankton
in three serial lakes of Bukhan River system from April to
October 2017. UA; Lake Uiam, CP; Lake Cheongpyeong,
PD; Lake Paldang.
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Dolichospermum, Pseudanabaena 4°] $3 £33}t
7HEEQ 9~1090ll= 2HERF Rhodomonas 40] A&
Ao 3 &8sttt

g HEEdaE FEFS 1,170~7,280 cells
mL™'e HYE et 109 240 7MY =2 d=2TF
< Yetllen, 54 8o 7P A YeEHTh £HF
Sl= A7 B9t 2 F Cyclotella, Aulacoseira, 2%
H2FY Rhodomonas 0] EA| o] o, =20
=X AEH 527 Scenedesmus 4°] S EHIIR
29T AHY A AFAREL] AdE, AP et A
o7} th2A Ussi=d, 8939 HS 53 4
oflet et At A Fol fFYEo] Al @

Jdo o
o off
ot
o e

e

e

—

Mg o I

< FFS A, 5 AN FAEE FEEY
A FHEE FFel ° 27] g dYgs, HE
3 AT £HF Mot th=2A Yehd Aeg AtgH
(Han et al., 1995; Kim, 1998; Byun et al., 2014; Yoo et al.,
2018).

3. O|AME0t o|F(0] S| A

ZA7)17E Ft BT A CA BT olFw] -
(geosmin, 2-MIB)< Actinobacteria®} H =7 (Cyano-
bacteria)®] @EFo] =4 SIS W =71 &4 4
ZH %tk (Fig. 5). °]H1] E2 F geosmin® Z-¢- 2T
oA 44 10Y =AM 5¢¥ 8YU AR Z+7} 31,29, 20
ng L7, 109 24%90] 26ng L' HEE $AAE &
9l 20ng L' 0]AY] =& Ube o Actinobacteria
o FEFo] AHer A SIS W ¥ =R
WA ST Actinobacteriat 0] U] S AJAJ ST R 1T
o] Qe EFTOZ Actinobacteria®] E&Fo] 4 &4
< o geosmin F&= FA| A YEte= AL E Hol 9
oA HAIS geosmin ActinobacteriaZ} €90 Y A
o2 BorEt)(Jiang et al., 2007; Zuo et al., 2010; Auffret
etal., 2011). & ZAAHS BB 3, FFT A= 8¥
790 100ng L' ¥& sE2 Ueyth olgt 54T
Al71¢] drE|E ot Q)4 S et ul7FR|Z Actinobacteria
7 9W BREOR UG 4EEYAEL dx
Dolichospermum macrospoum, Dolichospermum circinale
7F ol HE o2 Ed3H =, §X Dolichospermum
& 9A] geosming A= EFTLE HiHo] 9]
o], o] Al7]o] ¥A3t geosmind Actinobacteria®l H=
Dolichospermum 40] 9214 A2 ATHTH(Miwa and
Morizane, 1988; Hayes and Burch, 1989; Tsujumura and
Okubo, 2003; Wang et al., 2005).

olFm 2 F 2-MIBY| F% UL AHAA 4~9¥
A HEeE £ARA 7|1E T nRte 2 Yelgon, 10
4 109,259 AL A] 22 68, 110ng L' &L =9
2-MIB7} & H Ut} o]ef FU%E A7 HHE| 2ot 5 o]
Fn 2245 4 o+ d= Actinobacteria7t 3 7
oz ausgoM, BEF 4N AT F MY %
A YeE 9z o A wAYst 2-MIB= Actinobacteria
o 711 Aoz wEh(Klausen e al., 2005; Koksal
etal.,2012). 3939 79 79 109, 24Y, 109 24Y
ZAF Al Z42ZF 25,76, 67ng L2 HEE $£ARA] 71E
sk olFer AEHUeH, &2 Al7|o HEgot F
Actinobacteria’7} 38 E2Zog 2335149t 7€ 249
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Fig. 5. Monthly fluctuation of relative abundance of Actinobacteria, cyanobacteria and odor compounds in three serial lakes of Bukhan Riv-
er system from April to October 2017. UA; Lake Uiam, CP; Lake Cheongpyeong, PD; Lake Paldang.

ZAFS] A9 Actinobacteria @EFFo] 7€ 1091} {ASH
Al vrehd Al vl3j 2-MIB F=7F =4 YEt=T, ol
FUT A7l 2MIB BEE AT HuEo] Yt
9GX Pseudanabaena sp.7F 4 EFFO 2 £835t4, 74
249 2A}o] 2MIB 557} £ Uerte Ao pe
o} (Izaguirr et al., 1982; Jiittner and Watson, 2007; Kim et
al.,2015). F39 AL 7¢ 2499 2-MIB =7} 242
WEE 52U 71E BE oo ® yeten, 22 A
719l ActinobacteriaZ} 3 ER7o2 EH, YFT o
Al 2rA8%E 2-MIB 9 A] Actinobacteria®]] 7]¢1%t Ao 2 =
lLel=

-
o ggadl @ ol B4 o) ARAE ornr] 9
o) AFRHEAS AASHAT (Table 2). 1 A we 2ol

A (r= —0.393, p<0.05)2F 22 Aua
(r=0.456, p<0.01), 8552 (r=0.696, p<0.01)
FAT 4o FHTAR Uehgen, ol §E9Y
2 G&F 0|83t B % Betaproteobacteria,
Alphaproteobacteria 9] £F7°] 2 HE&E 83
of et EEFFHEYL d FUTFAZ YEd AL
= ok (Niemi et al., 2009; Newton et al., 2011; Louati
2015). o] 1] E4S FAet Bl =
Actinobacteriat £&F 44 (r=-0.330, p<0.05)¢} &
o] AHHA, o|Fv] E& F 2-MIB (r=0.491, p<001)
o} oFo] ArTTA R ERTH ARZGIE = Uz

= o]Fu 22l geosmin (r=0.381, p<0.05), 2-MIB
(r=0.386, p<0.05)¢ o AHALARE Yo, =
Pseudanabaena sp+= 2-MIB (r=0.416, p<0.01)8} %9
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Table 2. Speaman correlation coefficient between biological and physicochemical variable in Bukhan River System from April to October

2017.

WT pH EC DO BOD DTN DTP Geosmin 2-MIB
Dol. circinale 0439*%*  —0.065 0058 —0.210 0.052 —0.111 0.008 0.243 —0.020
Dol. flosaquae 0.161 —0.097 0058 —0.213 —0.039 0.251 0.251 0.097 0.040
Dol. macrosporum 0.264 -0071 —-0.097 —0.007 0.026 —0.226 —0.155 0.259 0.167
Mer. tenuissima —0.058 0.084 0.135 —0.058 0.187 -0.019 0.084 0.181 0.040
Mic. aeruginosa 0.375% -0.082 0.144 —0.331* 0018 0.174 0.249 0.152 -0.089
Pse. limnetica —0.200 -0.129 -0.148 -0.122 —0.233 —0.206 0.084 0.097 0.234
Pse. sp. 0.051 0.135 0.153 0.058 —0.024 0.079 0.001 0.256 0.416%*
T-Cyanobacteria 0.253 0.004 0.190 -0.213 —0.095 0.063 0.192 0.381%* 0.386*
Actinobacteria -0.072 -0.114 —-0237 —0.040 0.204 —0.330% —-0.212 0.217 0.4971%*
Alphaproteobacteria ~ —0.346* 0.283 0.209 0.271 0.164 0.358% —0.003 0319%* -0.210
Betaproteobacteria 0.126 =0.125 0210 —=0311*%  —0.440%* 0.397** 0490**  —=0.350*  —0.047
T-Bacteria 0.288 —0.042 0288 —0.393* —0.256 0.456%* 0.696%*  —0.129 0.163

*p<0.05, **p<0.01. Dol; Dolichospermum, Mer; Merismopedia, Mic; Microcystis, Pse; Pseanabaena, T-; Total

AHBAR Uyt o9 e At 53 A9
Pseudanabaena 59| 2-MIBQ} =2 9] Al
= Byun et al.(2015) 239} L X3t}

Zo T3t o|Fu| 3 (geosmin, 2-MIB)S
o] #u] gg% AAse 42 A Actinobacteria @ G
£ UEhstth mebA, 53 A el
A3 o] F 1) %7“ O Actinobacteria @ @ZFo] o3 dt
Aot Aom AlREHY, G277F 8514 &2 o A
St B2 5T 9 o]Fu] EF-& Actinobacteria’} 8
o2 48T ¢ YL AN S, Ty
3t @ F4o) i3t A 3 ActinobacteriaS Z3Fet vt
gl2Zlot Fyofl et A& mudt ARFes 3 v
of #I} ekt EH el ¥ e AEFHY A32E
gk oheFet At7F d st

o

3 2

2 A9E 20179 4€5E 10€7HR] 5317 A 3719
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FHu) 24, n2E A & A 37 AeA9
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o8 gRToR veed, ALY e o

gtk 42EYAE 2PE BH, FER L SHEE
GIBA g Hed Fag 2 ednig enz 3
e e Hgow, Bug LA 28 W

e AdAdS
273+ Dolichospermum spp., Microcystis aeruginosa,
Pseudanabaena spp. £°] $3 £d3ch. £33 4
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p<0.0 _,]@-_ /Kl—_L]—/K-LQ_ L}E}LHQ_D:] IE]-_J_ _4 7&1
geosmin (r=0 381, p<0.05), 2-MIB (r=0.386, p<0.05)
42 vpebict ueb Al 257 SAA U
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X o 01n rlo

19:;

At Al

righ

2 Ad7s R SHSE Y ESE AT
AFARARD 27 71 olFw] Tl ATt
7 E4 (NIER-2018-01-01-074)2] dgo=z

REFERENCES

Auffret, M., A. Pilote, E. Proulx, D. Proulx, G. Vandenberg
and R. 2011. Villemur. Establishment of a real-time PCR
method for quantification of geosmin-producing Strep-
tomyces spp. in recirculating aquaculture systems. Water
Research 45: 6753-6762.

Bai, L., C. Cao, C. Wang, H. Xu, H. Zhang, V.H. Slaveykova



ron

=
=

and H. Jiang. 2017. Toward Quantitative Understanding
of the Bioavailability of Dissolved Organic Matter in
Freshwater Lke during Cyanobacteria Blooming. Envi-
ronmental Science & Technology 51: 6018-6026.

Bentley, R. and R. Maganathan. 1981. Geosmin and methyli-
soborneol biosynthesis in stretomyces; evidence for an
isoprenoid pathway and its absence in non-differentiating
isolates. FEBS Letters 125: 220-222.

Betnardet, J.F., P. Segers, M. Vancanneyt, F. Berthe, K. Ker-
sters and P. Vandamme. 1996. Cutting a Gordian Knot:
Emended Classification and Description of the Genus
Flavobacterium, Emended Description of the Family Fla-
vobacteriaceae, and Proposal of Flavobacterium hydatis
nom. nov. (Basonym, Cytophaga aquatilis Strohl and Tait
1978). International Journal of Systematic and Evolution-
ary Microbiology 46: 128-148.

Byun, J.H., I.LH. Cho, S.J. Hwang, M.H. Park, M.S. Byeon and
B.H. Kim. 2014. Relationship between a Dense Bloom
of Cyanobacterium Anabaena spp. and Rainfalls in the
North Han River System of South Korea. Korean Journal
of Ecology and Environment 47(2): 116-126.

Byun, J.H., S.J. Hwang, B.H. Kim, J.R. Park, J.K. Lee and B.J.
Lim. 2015. Relationship Between a Dense Population of
Cyanobacteria and Odorous Compounds in the North Han
River System in 2014 and 2015. Korean Journal of Ecol-
ogy and Environment 48(4): 263-271.

Gerber, N.N. and H.A. Lechevalier. 1965. Geosmin and
earthy-smelling substances isolated from actinomycetes.
Applied Microbiology 13: 935-938.

Ha,KJ.,K.S. Yun, J.G. Jhun and C K. Park. 2005. Definition of
onset/retreat and intensity of changma during the boreal
summer monsoon season. Journal of the Korean Meteo-
rological Society 41(6): 927-942.

Han, M.S., Y.Y. Auh, J K. Ryu, K.I. Yoo and Y.K. Choi. 1995.
Ecological Studies on Pal’tang River-reservoir System in
Korea 2. Change in Phytoplankton Community Structure.
Korean Journal of Limnological Society 28(3); 335-344.

Hayes, K.P. and M.D. Burch. 1989. Odorous compounds associ-
ated with algal blooms in South Australian waters. Water
Research 23: 115-121.

Izaguirre, G and W.D. Taylor 1998. A pseudanabaena Species
from Castaic Lake, California, That Produces 2-methyli-
soborneol. Water Research 32(5):1673-1677.

Izaguirre, G., C.J. Hwang, S.W. Krasner and M.J. McGuire.
1982. Geosmin and 2-methylisoborneol from Cyanobac-
teria in Three Water Supply Systems. Applied and Envi-
ronmental Microbiology 43: 708-714.

Jiang,J., X. He and D.E. Cane. 2007. Biosynthesis of the earthy
odorant geosmin by a biofunctional Streptomyces coeli-
color enzyme. Nature Chemical Biology 3(11): 711-715

Jiittner, F. and S.B. Watson. 2007. Biochemical and Ecological
Control of Geosmin and 2-methylisoborneol in Source
Waters, Applied and Environmental Microbiology 73(4):

2 47 DlANE

O|F[O] 2= 309

sl
ﬁ
HI

4395-4406.

Kang, J.Y.,J. Chun and R. Rippka. 2013. Flavobacterium Acid-
uliphilum sp. nov., Isolated from Freshwater, and Emend-
ed Description of the Genus Flavobacterium. Internation-
al Journal of Systematic and Evolutionary Microbiology
63: 1633-1638.

Kim, Y.J. 1996. Ecological Study of Phytoplankton Community
and Trophic States Using Indicators in Lake Paltang. Ko-
rean Journal of Limnological Society 19(4): 323-345.

Klausen, C., M.H. Nicolaisen, B.W. Strobel, F. Warnecke, J.L.
Nielsen and N.O.G. Jgrgensen. 2005. Abundance of acti-
nobacteria and production of geosmin and 2-methylisob-
orneol in Danish streams and fish ponds. FEMS Micobiol
Ecology 52: 265-278.

Koksal, M., WK.W. Chou, D.E. Cane and D.W. Christinason.
2012. Structure of 2-Methylisoborneol synthase from
Streptomyces coelicolor and implications for the cycliza-
tion of a non-canonical C-methylated monoterpenoid sub-
strate. Biochemistry 51(14): 3011-3020.

Lawton, L.A. and G.A. Codd. 1991. Cyanobacteria (blue green
algal) Toxins and Their Significance in U.K. and Europe-
an Waters. Journal of the Institution of Water & Environ-
mental Management 5: 460-465.

Lee, J.E., J.G. Park and E.J. Kim. 2002. Trophic States and Phy-
toplankton Compositions of Dam Lakes in Korea. Algae
17(4): 275-281.

Louati, I., N. Pascault, D. Debroas, C. Bernard, J.F. Humbert
and J. Leloup. 2015. Structural Diversity of Bacterial
Communities Associated with Bloom-Forming Freshwa-
ter Cyanobacteria Differs Accoding to the Cyanobacterial
Genus. PLOS ONE 10(11): e0140614.

Ministry of Environment (MOE). 2011. Drinking water quality
monitoring guideline.

Miwa, M. and K. Morizane. 1988. Effect of Chelating Agents
on the Growth of Blue-Green Algae and the Relese of
Geosmin. Water Science and Technology 20(8): 197-203.

National Institute of Environmental Research (NIER). 2014.
Physiological and Ecological Characteristics of Algae in
the Lake Paldang (I), National Institute of Environmental
Research, pp. 62.

Niemi, R.M., 1. Heiskanen, R. Heine and J. Rapala. 2009. Pre-
viously Uncultured B-Proteobacteria Dominate in Biolog-
ically Active Granular Activated Carbon (BAC) Filters.
Water Research 43: 5075-5086.

Newton, RJ., S.E. Jones, A. Eiler, K.D. McMahon and S. Ber-
tilsson. 2011. A Guide to the Natural History of Freshwa-
ter Lake Bacteria. Microbiology and Molecular Biology
Reviews 75(1): 14-49.

Park, H.K. and W.H. Jheong. 2003. Long-term changes of algal
growth in Lake Paldang. Journal of Korean Society on
Water Quailty 19(6): 673-684.

Park, HK.,M.S. Byeon, E.K. Kim, H.J. Lee, M.J. Chun and D I.
Jung. 2004. Water Quality and Phytoplankton Distribution



310 HHE - QOILt- 012 - A% - Uy

Pattern in Upper Inflow Rivers of Lake Paldang. Journal
of Korean Society on Water Quality 20(6): 488-498.

Park, J.E. 2006. A modeling study for the impact prediction of
serial impoundments on downstream temperature distri-
bution. Master thesis, Ewha Womans University, Korea.

Park, J.H., B.L. Moon and O.M. Lee. 2006. The Phytoplankton
Composition and Trophic States at Several Lake of Su-
won-si, Korea. Algae 21(2): 217-228.

Parveen, B., J.P. Reveilliez, 1. Mary, V. Ravet, G. Bronner, J.F.
Mangot, I. Domaizon and D. Debroas. 2011. Diversity and
Dynamics of Free-ling and Particle-associated Betaproteo-
bacteria and Actinobacteria in Relation to Phytoplankton
and Zoolpankton Communities. FEMS Microbiology Ecol-
ogy 77: 461-476.

Peterson, H.G., S.E. Hrudey, I.A. Cantin, T.R. Perley and S.L.
Kenefick. 1995. Physiological Toxicity, Cell Membrane
Damage and the Release of Dissolved Organic Carbon
and Geosmin by Aphanizomenon flos-aquae after Ex-
posure to Water Treatment Chemicals. Water Research
29(6): 1515-1523.

Saadoun, IM K., K.K. Schrader and W.T. Blevins. 2001. Envi-
ronmental and Nutritionalfactors Affecting Geosmin Syn-
thesis by Anabaena sp. Water Research 35: 1209-1218.

Shin, HJ. and O.M. Lee. 2014. The Dynamic of Phytoplankton
Communities and the Biological Water Quality Assess-
ment at Three Artificial Weirs in Downstream of Nam-
han-river. Journal of Korean Society on Water Environ-
ment 30(6): 612-621.

Suffet, LM., J. Mallevialle and E. Kawczynski. 1995. Advances
in Taste-And-Odor Treatment and Control, American
‘Water Works Association Research Foundation in Denver,
Colorado, pp. 385.

Sugiura, N., O. Nishimura, Y. Inamor, T. Ouchiyama and R.
Sudo. 1997. Grazing characteristics of musty-odor-com-
pound-producing Phormidium tenue by a microflagellate,

- 13y

foh

Monas guttula. Water Research 31(11): 2792-2796.

Sugiura, N. and K. Nakano. 2000. Causative Microorganisms
for musty Odor occurrence in the Eutrophic Lake Kasum-
igaura. Hydrobiologia 434(1-3):145-150.

Tsujimura, S. and T. Okubo. 2003. Development of Anabaena
Blooms in a Small Reservoir with Dense Sediment Aki-
nete Population, with Special Reference to Temperature
and Irradiance. Journal of Plankton Research 25: 1059-
1067.

Wang, S.H., AR. Dzialowski, J.O. Meyer, F. de Noyelles, N.C.
Lim, W.W. Spotts and D.G. Huggins. 2005. Relationships
Between Cyanobacterial Production and the Physical and
Chemical Properties of a Midwestern Reservoir, USA.
Hydrobiologia 541: 29-43.

Ward, J.V. and J.A. Stanford. 1983. The serial Discontinuity
Concept of Lotic Ecosystems, p. 29-42. In: Dynamics of
Lotic Ecosystems (Fontaine, T.D. and S.M. Bartell, eds.).
Ann Arbor Science, Ann Arbor, USA.

Whelton, A.J. and A.M. Dietrich. 2004. Relationship Between
Intensity Concentration and Temperature for Drinking
Water Odorants. Water Research 38: 1604-1614.

You, K.A., M.S. Byeon, SJ. Youn, S.J. Hwang and D.H. Rhew.
2013. Growth Characteristics of Blue-green Algae
(Anabaena spiroides) Causing Tastes and Odors in the
North-Han River, Korea. Korean Journal of Ecology and
Environment 46: 135-144.

Zimba, P.V., C.C. Grimm, C.P. Dionigiand and C.R. Weirich.
2001. Phytoplankton Community Structure, Biomass, and
Oft-flavor: Pond Size Relationships in Louisiana Catfish
Ponds. Journal of the World Aquaculture Society 32(1):
96-104.

Zuo, Y., L. Li, T. Zhang, L. Zheng, G. Dai, L. Liu and L. Song.
2010. Contribution of Streptomyces in sediment to earthy
odor in the overlying water in Xionghe Reservoir, China.
Water Research 44: 6085-6094.



