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Abstract

The objective of this study was to investigate the relationship between the biomass of cyanobacteria and the
concentration of 2-methylisoborneol (2-MIB) in the lower Gongji stream. The investigation was done using a field
study that was conducted from 2015 to 2017. The 2-MIB concentration in the lower Gongji stream ranged from 0 to
153 ng/L, while the upper stream had 0 2-MIB concentration. 3 genera (Oscillatoria, Phormidium, Pseudanabaena)
of cyanobacteria were detected in the lower Gongji stream with 2-MIB concentration. Among these 3 genera, an
increase in Phormidium, Pseudanabaena biomass was associated with an increase in 2-MIB concentration.
Accordingly, Phormidium, Pseudanabaena were regarded as the biological source of 2-MIB in that area. In October
2017, although planktonic cyanobacteria occurred less frequently, many benthic cyanobacteria mats were observed
on the surface of the water body. Therefore, the high 2-MIB concentration, which exceeded 110 ng/L, can likely be
attributed to the benthic cyanobacteria. In a laboratory experiment, individual Oscillatoria filaments were aggregated
to form a colony with a higher density. This colony tended to float on the water surface. Cyanobacteria mats after
floating aggregated mats were distributed in a net shape on the bottom.
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1. Introduction

GeosminZ} 2-MIBE H4E AYI A= EAH ZA
HE Aol 9 FHELS SR e A48 A
2 ¢ 9Jor(Paerl and Millie, 1996), 4+4, JA+&F
F2AE, FAAGAA EA S} stez Q& FAH &4
S xYsl= AESHH EZo|tiHosaka et al, 1995;
Watson et al.,, 2003; Watson, 2004). oyt F 2ol
AE olge olFAn EAS A4S fstd ohde WH
o] AFEHIA YA A RSt FATF UThLee et
al., 2017; Persson et al., 2007; Yuan et al., 2013).

oA E#AE =& "M W JPE A& QA 840
71 WEd FXE @ we Fask FEol En
(Bowmer et al.,, 1992; Ishida and Miyaji, 1992). T3+ 24
g olAn EAE A AdAe B AL HE
ojvf o] Fgsith Wl HAE WacoAldAE 2002
FE 20129 Alo] FxEAA B olHAH EAE €3t
st sl 709 g9 Hjgo] ASPeH, JIZ A
TEE IFY TLE Jd FHEHLE 697 ZEolA
1039 229 &38 42 ALeE F4EHAL UthDunlap
et al, 2015). "= Cheney AFAANAME Anabaena =+
Aphanizomenon &% 22 F2®F AEF IVIE oAV
#FAd g2 udo] HASFHtHSmith et al, 2002). FHZ

¢

—Eﬁ\i

FYAAME F5de BF3E EF ﬁ]oﬂ*ﬂ 2011, 2014
~2015d9] 2AgE F2F dA o)FHn EF 5&=7F Eof
A FFdE o&se FEE FUEY BEAES YA

(You et al.,, 2013; Youn et al., 2018).
S kAN 2-MIBY 2 Qe EERFU B

o % ZeR HuFfen, Ex{F F FE
Phormidium, Pseudanabaena®| 23+ ASoz2 <A Yot
(Kim et al.,, 2013; Watson, 2003). 2-MIB+= 2x7F¢ &4
o] SAE, 434 ARAME Fx2Foe BAT
Wo] A= Y tHHosaka and Otsuhata, 1988; Kim et al.,
2015; Sugiura et al., 1986).

olFw EF2 R/ FRFEY olYe} Oscillatoria
I e AMA GXFAAE Zo] BT FXF
£ Az gds TR ZAE o Fo] B4
w(Biddanda et al., 2015; Hoiczyk, 2000), AAA
W E7F Fe & olHAn £do] A 7MY ¢ UHKim
et al, 2014). Wang and Li (2015)= AXA @FZF7}F A}
g3 FHoll o]Fr] =29 =7t St Baggon,
AP FEF gExRe o8 A olHAR 222 skl
T %S 1 # e FAEE AU Uvk(lzaguirre and
Taylor, 1995). 224 mlEE Jdote= AAXE 279
A2A 543k olAH A9 WA WP ATE Bol 2
AR ggrom, o5 U@ BE 2 AAF 54 o)
B ZAE $EF 2ol

mA B dTs WA B2 2 E’é»} J
£ g5kl sl s 2-MIB 2B ES
FAA sHRAlA EAS dA EZ(2- MIB)-\»} 19l G2 F

Oscillatoria,

"o om

uﬁw
B2
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Aok EF AMY dRFY 54 ATl
iMooz A 9% AR AF

2. Materials and Methods

21 A7 XY

gIse 19670 hEAH AHE A7 JAIFS=2 g
S Fetdl AXT kA FRFd & Fdo] o5t
Ha e AFon, A&HeR mx o] WG Y
oz FHA UthLee, 2005). FAA FAFE JLE &
279 ZIAZ AFHALH, 201149 Fx2F= J9s
el FAH FYFFH R %27}X] e A A
Ho] FFE FAHE EHE EfAtHLee et al, 2016;
You et al, 2013). AFHG AFL olFn| WA o] o
£ L5 9 ﬂ@g A7ste] A S H(Fig. 1), #
A9t AXE E2F WE EX XAE FAo] 2~3 med
FAA Xl%ﬂfﬂ U73% U8 A A+ttt

22 AL 7(2F & e

ZAA 8 Us AFL 201593 3€ 10¥€5H 20173 12
2 11920159 129 21¥€~20169d 3€ 1¢, 20173 1€
29 ~20173 2€ 20¥; 2oz Q3 AR ZALSHA
om, Alge F 138 AFstdth ggs 9 ARl i
ZAbz 20179 102 169 AAISATh AR AFes &
g8 $£d AF7)(4L, Wildco., USA)E T4 0.5 moll A
st olAn EF A& AlaATE MM 20mLe
FEAE gl F77F Eol7kA] &A stdeH, dxR{ 2
A A& E 200mLe] E22Y ¥E AMESEY Lugol's
gdo2 FFFE 2%/t HEE FArhaFsan. @3l
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USe
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Fig. 1. Study area and sampling sites in Lake Uiam.
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Al 4°C & ZANA BT AT ARe AFLE & wyo] F7kEOl gUds WET 2-MIB &7 2 2
uhste] A5k o) 2 @ U3 AdES F&= ANEH F= 5, 54
Ferel B HIFY FRAUC ddEH0 AR, &

23 2-MB & HZR/R M F2o2 ety AP wo] AALst] EFol FRst Ue
2-MIBE HEE $AZATE 292 A(ME, 20150 w}e} Aol #HEHAY Fxde B2 E2F77F FF8t9 A &3}
GC/MS (Gas chromatography mass spectrometry, 450GC/ I den, $£x9 2-MIB & ZASH 23 270 ng/L

320MS, Bruker, USA)E ©]&3}4] HS-SPME (Headspace
soild phase micro extraction)# o2 EA3HT G2FY
TXET £8FE AR Y5t A AR 2R
o dro w2t IR AMESHAY 55 T FAs5te At
£3tHth A159 EA2 1 mL& Sedgwick-Rafter counting
chamberol] @il 15% o] Bt F2{E 713¢d &
AR5t A8Y BE&EE ®o|7] Hdl 338 olF& b
Eoton, & 50&(strip)e HAASHUT. EE2F AEFE
42+ Ar A (Eclipse 80i, Nikon, Japan)2. 2 100 ~ 200}
oA Z2 T 400uf&lA AFstAnt 7ol AE 4
5 32R AMAES 11,0008 &4 BESIY F& 53
st th ol g EF+= Hirose et al. (1997), John et al.
(2002)E st

Q|

2.4 Oscillatoria S8 X R4 EX &

Ao AM&H Oscillatoria= U7 U8 A HoA FA3H
G2F MEAAM AFsALH, f8 AR 500 mL Fol
Ao 9 gob &g BH@sle] APAR o) FIATh

‘

G257 WEs wFA(BGL, Sigma, USA) 450 mLe] £
Ae w2 AMZ 1L Wl A wLstATt. Oscillatoria
AgAS 84 % $ge BREY 94 2019 BGlI
wjkdo] So] 9l §7 $E(30x30x30)9 < 30g (FF
) BEY Oscillatoria AVEAES FAF EAAIA wl &3t
Aok Wi ZH-E 25°C, 40 pmol photons/m® S (light:dark
—168) 2002 dhon, FLE Fz 5 AAHY
o ARFAIEC]l &3 2 FAEe AR gHddA AIZbS
53 ¢AMoz YA

3. Results and Discussion

31 XA 7 2-MIB &hAizs TA}
olts W 2-MIBY] EE Yolr7] 98 20173 10€
o s W 67f AH, FAA 3 AP E AR F
A AAQAA 2-MIBE 0~153ng/LY BV E ZAE AT
(Table 1). 9¢s2 FFHe IAA k7 U7 AFS
2MIB %7} 153ng/LZ AF<U IAAL(US A4; 108
ng/L)Eoh wstoH, b ZAAAE F 7 A/ U9 A
Aol AEHA Esith kA FAAY 2-MIB 5E&
FAA FF TS T2 Ao] of A BF
T LAEH] Hsle] Hol FAA IFUNARAAM &
A LA Aoz FGEHT & W X FHA 2-MIB9] &
T+= U3 AR(147ng/L)yS ALt 18~99ng/LE 3H |
AEG dokth ojet T2 AR FAA FVF FATY

o

om, A F WRFE A FFAF woh WEF

Y

slcA

32 2-MiB 21} Rol HXF 2M

FARY U8 AHeA 20153 3€HE 20173 12€74A
3dzr 2-MIB 5= WAl f2 #7448 E2FE A
thFig. 2). ZAFE G2FE BE 5&0nh ZAE 5%
% 3% (Oscillatoria, Phormidium, Pseudanabaena)s 2-MIB
£ $Aste FE2FAT AHA FAAA 2-MIB 5EE
20153 8€el HAulZk(124ng/L)S YERNALH, md 8¢
7 1029 F ¥ Ags B AR $E2F 3E% 5
Pseudanabaena<= F T 15,000 cells/mL ©]oz2 A EFo]

Table 1. Pearson’s correlation coefficients between the
abundance of three genus cyanobacteria and 2-
MIB concentration at U8 site

Year Oscillatoria  Phormidium Pseudanabaena Cya. sum

2015 - - 0.602"" 0.632"
2016 - 0.378" 0.350" 0.373"
2017 - - - -

p<0.05, “p<0.01
Cya. sum; Sum of three cyanobacteria (Oscillatoria, Phormidium,

Pseudanabaena)
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Fig. 2. 2-MIB concentration in contrast with abundance of
three genus (Oscillatoria, Phormidium, Pseudanabaena)
cyanobacteria at U8 site between 2015 and 2017
(different scale).
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7 Bsten, 2015 893 20169 8¢, 10€e] B Al
X7 ZAAE AT Phormidium-< 20153 8ol 2,700 cells
/mL ©o]doz2 AEFo] HYI LW, Oscillatorias 400 cells
/mL °o]3tY] BEFORE EdFo] FHJthFig. 2). 27
2-MIB9| @A 27 SE2 Fold 2HAE =4l
o). Pseudanabaena= 2-MIB¢} 2015d(r=0.602, p<0.01)
I 20163 (r=0.350, p <0.05)] &9 AABAE 7HHL

Phormidium®= 20159(r=0378, p<0.05)9 JHHA=S 1}
ERAATh vk @Ao] FA AR Oscillatoria= 2-MIBS} 7
TRAE Gl ALZ ZAMESITHTable 2). FX2F9 T4
o] Z7tstd WHAERY 5= F5ol uEA, £ AToA
ZAYE Oscillatoria, Phormidium, Pseudanabaenav= A W
AgA HAEZ S FEste UAMEZ <A At Watson,
2003). ul=r AT EYo} Castaic ZNX Pseudanabaenal 3
EFo] 7S o 2-MIB E%7} 150 ng/L7HA] E7}8t
90 ™M (Izaguirre and Taylor, 1998), Kim et al. (2015)<
235 FYNA 2-MIB A QA EXFE  Oscillatoria,
Phormidium, PseudanabaenaZ X1 H . FAA 3HF
oA Phormidium, Pseudanabaena®©] o] A% A]7]Q1 8
43 10€9l 2-MIBY] = A 7 &S] o] A7)
A5 2-MIBS] &% Z7}= Phormidium, Pseudanabaena
59 E2F I Aoz FAdHATh ook gH el o3
2-MIB A& 4T £ Joeu 4 F2 3 3
€4 (Kim et al, 2013)°]4 F2 AlH(Klausen et al., 2005)

Table 2. Comparison of 2-MIB concentration at lake (6 sites)
and stream (3 sites) in October, 2017

Section Site 2-MIB (ng/L)
Ul 84
U2 99
U3 147
Lake
U4 99
us 18
8] 88
u7 153
Stream U8 108
U9 0
Lake Uiam

°

° Sewage disposal plant

o

[}
[ J
° 0 o
'.
[
o, o
Gonggi Stream

Fig. 3. Observed spots of cyanobacteria mats at Gonggi
stream (left) and close-up photo of floating mats

(right).
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o F&ste AR g#EA o] 8EF} 10 TG
2-MIB &9 A#go] A& RAoZ AddE.
2015uh+ 201630 G 2-MIBE oA dF U=
HERF 353 FuHo] HYHAT. whEel 201732 A
Wl Oscillatoria, Phormidium, Pseudanabaena® 23}
AEFo] HJoy 1099 2-MIB 557} 110ng/L °]d<
2 3A Z7VebthFig. 2). E3F 20173 2-MIB 55=
AR ‘ah_v 35T ABgol gl ALE ZAEHJG
(Table 2). 74 =279 AELFS FUAT 2-MIB &
=7} hg&tﬂ 2017L4 10€] FAA sHF(U7Z Us A -)ol
A M EE A AXY X2/ A BEo] @A
Qi‘i‘r(Flg 3). #3e WEE
HAEo] A FHAHY wWEH U F ]d Sk
fEE F2 3 FLHETE FHo HA EX3)
SHRE ZFE A Y U 277 ARA EY
oa WSt HEE Aow wuEY R4d W
o 27)% 6~10em BEOI} WESC] 2o} 2 Yol
ARYOR, 1m o) FJE BAHATG. T
ES F :rL@o 99% ol AXE FE2FS Oscillatoria
ZAE A ZAA SR Y GE2F WES em’)
SRS 400mLol 3435t 2-MIBE #A% 23 299
ng/LY 2 5= ASHUT 2-MIBS 22 WA E2 S
SRS YERE B84 9RF8e olJd Oscillatoria
4 22 AXY E2FE 2ol EA%th s W 2-MIB
9 BEE AXMAY FX2FY ATLE st g2 AT <t
60ng/L olFez F712 4 QOw(lzaguirre and Taylor,
2007), Chen et al. (2010)2 TholA HE{A4 G2/ &
o] Hojx XY FxFol sl olFHA" =29 & F
Wb g ¢ ok Bastgoh wEba 20179 10240
249 2-MIB 5%+ AAY X2/l 9ot AL=R
L OEE A AR A AXY FE2RY FAEFHA
9o Jbseht, HAE EUAN YRR $AE 987
2 B4 IE7] HEol(Pentecost, 1984) AAG &
F AU} 2MB BE o) ABH 4B Wl @

=

T

o B o

fok

1

FN

mlm N 2 (o H
[0)

Im

mlm Hu 2 W ON o ¥ Hr e

—=
::1‘

Oscillatoria® &3 F4e #E57] 98 BGl1 #iA
7]' o] A& #8 FEA Oscillatoria AHSAEE 2
BN F 402 AL ¥ AIFHG FABA 20

o AW F APIES FEAE GoldS BAH £
a7 NSRS AMEAES 2P A 1Az A
1Y=Y ZAE d’éob_ 8~ 14213k Fol FH g2
ASATH(Fig. 4a). T2 vhetel =
o-»] Oscillatoria "W E7} AAZF

xg

[\

Jor =X dz 1-4

XH s =
Fal ]oo]'i’i‘?}. A}’é‘ﬂ]&% oF 144 ]Zl' —ﬁr ‘ﬁ‘ —’r‘-}_ =
el oA T

IMIBS SEE AN BERS AE 29T A% &
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a. Aggregation and floating

b. Re-aggregation

14 hr

10 hr 14 hrY

Fig. 4. Aggregation, floating (a) and re-aggregation (b) of Oscillatoria in a glass tank (30 x 30 x 30) of BG11 medium
under room temperature (25 °C) and light condition (L:D=16:8).

olxlE AFHol ATHAJLH(Kim et al, 2014), #*
fEE BAEAY Fio AFHA 9 & F 3
(Sabater et al., 2003). AUl AN AN EZ gt
A2 APHA AT G AT A AHE

HHE—E M2 et B 5 glon, 4
HEE A4 o] dAEdS 24T 7Ms8E A
o Fig. 4(b)9t 2ol WEZ} 7 Foll= uvigd
g2 R7E EASY A&FH o2 dAERS F
A7 B 4 Ut

uekA oetse] wiEHoz WA WMEAS HE
371 aiMe A delA wAS Fx2F o F71H
Jd A} SEAYFE R LHdER Aol 2 WA &
W G2 F B Al AR | BREE M 5 3
Az AozA7F Qojok gtk g FHH FRFETE of
Ytk £A W7k obd &t uietEel Aste AAY @
Fe @ A7 9 #E Hofok stk

T ol

NN o

R 2

[

rlo l-F? Z(
o g

Sk

=2
fe e

4. Conclusion

A AR 2- lB«l EEE 0~
AA FRe 2-MIB7L A5t

&
A gskoy ddset FRHAE FAA SHFIF 153 ng/lLE

2 327t AEHY FAAY 2-MIBe AFd 4TS
T2 /\°] ol FAA stFolA T Aoz Helt}

2) 20159 FE 20179744 3% FA A SHRelA
|5t 2-MIB WA G2FE 3% (Oscillatoria, Phormidium,
Pseudanabaena)®)JT}. ©| 3% 5 Phormidium, Pseudanabaena
A EFo] wolx Al7|d| 2-MIB7} Z7}etH 2-MIB%

ABABAT Eol ZAA FY 2-MIB HAYA HEZ

3) 20179 FAA sHFAA 2-MIBE 110ng/L ©]18 &
7b AR ey B/ EE2RY Ao Houth v
-MIB =71 $7H2 Al7]dl ¥ a1s=9 2-MIB
FEE Ad AXY F2F WETL ZAEHY FA Wl &

2 rlo

279 Wio] glol= AMY PERe od WAEdol
S99 b5l 2T,

p HEY 2o WA 249 W A5t @ & 9
o, EY By FoE uhee] B AN GEF
Az @A 24 Ade A 24 :
oz ANY dEFY BYE Bad Ao
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