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Abstract

BACKGROUND: Contamination of source water by
odorous compounds are one of the problems related to the
water quality management, especially in Korea where
surface water is used as drinking water. Geosmin (1,
10-trans-dimethyl-trans-9-decalol) and 2-MIB (2-methyl
isoborneol : 1,2,7,7-tetramethyl-exo-bicycloheptan-2-ol)
are commonly recognized earthy-musty odor compounds
produced by algae causing serious problems to the drinking
water purification facilities.

METHODS AND RESULTS: In this study, spatial and
temporal distribution of the odor compounds, geosmin and
2-MIB were investigated along with the development of
phytoplankton in the Daechung reservoir from July 2012 to
October 2013.

CONCLUSION: Concentrations and frequencys of
detection of both compounds increased from April to
October which were related to cyanobacterial bloom
periods. However, concentrations of odor compounds were
not related to the number of cyanobacteria. Concentrations
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of both cyanobacteria and geosmin showed similar trends
with depth. Pearson correlation analyses showed that
geosmin concentration exhibited significant correlation
with the count of Anabaena macrospora and Aphanizomenon
flos-aguae. On the other hand, 2-MIB concentration
showed a significant correlation with the count of
Anabaena smithii.

Key words: Cyanobacteria, Geosmin, Odor compound,
2-MIB
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FU & 87K F78 WAE ERdti(Mallevialle and
Suffet, 1987). o|2]gh &7 WA RIEe] 7| Z381510m,
ALl Rl el £Q5E AREE Hojgk Folal st
& 5 TolEth o] F 2-MIB (2-methylisoborneol)
Geosmin(1,10- trans-dimethyl-trans-9-decalol) > 3+
o] ¥Aj® WNIET} 7Ht Wal, S59] B wEelA A
WAKE e, HUATY, &4, JA, o 2 d
Al A w7l deir= & AAEA o} FH
o] tjrto]l Ha1 QthBurchet ef al, 2004; Watson, 2004).

2-MIB9} Geosmin< =4 9 vFF {alEd 53
2ol AtellAl fallstAls EAIRE el digh B
Zsta AEE "ot Tung ef al, 2004; Mochida,
2009). S WAt HAY O F s WAt 719 HAE
A EAE 5T = tHWatson, 2004). weh 55
oigh AnjxF AFEel HEE S flste]l B FelAM
2009'3-E] 2-MIB9} Geosmin &858 HiEE AN GE
o7 Frkslglon, 20109 H = Ai7]55 20 ng/L ©l&t
2 st e Folth

A= 2-MIB&} Geosmin®] A 9107 57, WhA
1, TR0l HAARt so] ot i Xl ot
Zlo]m(Pollak and Berger, 1996), &7 5 @xAlto] ¢
St 2-MIB$} Geosmins A/d sttt deA Qti(Jiittner,
1995).
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Fig. 1. Map showing sampling stations in the Daecheong
Reservoir.
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Table 1. Monthly summation of concentrations of Geosmin and 2-MIB
. ) Geosmin (ng/L) 2-MIB (ng/L)
Sampling Sampling - - - -
Time Number Detection Average Maximum Detection Average Maximum
number Concentration  Concentration number Concentration Concentration

January 14 ND" ND ND 1 7 7
February 12 1 4 ND ND ND
March 21 5 ND ND ND
April 30 14 31 8 17 73
May 24 15 13 21 8 18 35
June 24 15 100 963 14 8 18
July 60 42 14 148 11 8 23
August 54 37 39 303 10 13 26
September 57 46 33 249 20 11 29
October 60 49 13 42 25 16 50
November 24 3 3 4 4 7 8
December 15 ND ND ND ND ND ND
Y ND : not detected
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Fig. 2. Geosmin and 2-MIB concentrations monthly.
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Fig. 3. Algae cell density change monthly.

EHE~4 ng/L, 2-MIB= E4E~7 ng/LE Wtk &
S7Fel7] AlEehs 485 E o] sk 108714 W
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] A71ell Geosmin®] #HiFEE: 21 ng/L~963 ng/L,
2-MIB] #i's%i 18 ng/L~73 ng/LE RHSIth 53]
Geosmin 0] 20T o<l 69, 8¢, 9¥°] Bk
7} Ba71%E ZHeithTable 1, Fig. 2, Fig. 3).
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Table 2. Summation of concentrations of Geosmin and 2-MIB in sampling stations

. ) Geosmin (ng/L) 2-MIB (ng/L)
Sampling Sampling - - - -
Station Number Detection Average‘ Max1mur¥1 Detection Averagg Max1mu1¥1
number Concentration ~Concentration =~ number Concentration ~Concentration
St 1 57 35 6 13 19 10 35
St. 2 57 32 58 963 23 10 25
St. 3 75 38 15 113 15 12 50
St. 4 74 45 19 99 17 19 73
St. 5 57 35 29 144 15 12 20
St. 6 75 42 37 303 14 12 23
8, 98H T 6¢0] U] =T Izaguirre S(1983)> =2 Cyanobacteria (cells/mL)
FEAM BAE LA 22 #H ATl obd el 0 5000 10000 15000 20000 25000 30000
gellr Hlojd F5o] 494 5 Sles wleh uehd 71 0 ' ' ' —
B2 5 el 2Reha s ddFor 4 5 }ivk 5|
7] A EE URM SR Microcystis sp.©] A3kl 9l )
AR}, Anabaena sp., Aphanizomenon sp, Oscillatoria 4 -
sp., Fhomidium sp., Pseudanabaena sp., Aphanocapsa E
sp., Aphanothece sp., Chroococcus sp., Coelospaerium % 6
sp., Lyngbya sp., Merismopedia sp.©] "H/83tt}. o] F A4 e 4]
o] WS WAlsks Z 0% H]lt —o— Chlorophyll-a
—o— Geosmin
101 —%— 2-MIB
A& 4 EN —a— Cyanobacteria
= S _ - 12 =o T T T .
ﬂ]@i 67H Z]Xdoﬂf\i GeosminO] 71:_1]% % :g]\‘)[:'t_‘ 211§] 0 20 40 60 80 100

2 ARG 53% it 2-MIB7) A% ¥ 3¢ 823]%
Geosmin®] Y3 o W2 Wz AZHUE Geosmin 4
EF5e St20lA Hit 58 ng/Lo TR M EhoH,
St59 St.6<> it 29 ng/L, 37 ng/LE A7|E<L 20
ng/LET & FE5 Btk 53], St2+ 20134 6€ 18
4 963 ng/LE i HAEEEE Bk s A%
St.1e AL B AR elM dAvlEs 236kl 2-MIB
o) HAEL AA71FY 20 ng/LE ZAEHA) g9kt 1A
o AR = 133 7S 2953 on, 2013 49 23
Y St.3< 73 ng/LE HiFks 7153 HTable 2). A5l
A0 Geosmind}t 2-MIB7} A2 W= AL 39l

25 AN 7o FAe W 2-MIB9} Geosmin?] #3E
W3S dolr 7] 93l 2012 HRAITo] whalo] wekd 8¢

134 St. 37} 8¢ 27¢ St. 62] A WAIELS] s2F 5
AHEE ARSI

8¢ 134 St39 A9 R AEEHAE AFE A
i, Sl 4 em 7 =2 HERAlR AlE
A 74 9m o] F §43] sk s & g vt
(Fig. 4). F52-a% Geosmin 5% GA] FZ2AL A9}
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Fig. 4. Vairations of cyanobacteria, cholorophyll a,
Geosmin and 2-MIB concentrations with depth in St. 3.

Row, o|e} 7 Phormidium sp.o] FEA|Te] AN Bz
=]tk Jiittner(1984)i= Microcystis wesenbergii T'378 A]
719} Maeruginosa®) ¥k Al A1) 714 &5t 5wl HAl
7} WH= monoterpenes H.a1EHl a1, theFst vl@u €] 2glo]
b SIA 9 Geosmin¥} 2-MIBS A= B = ¢l
Utk Ludwig ‘5(2007)<> Saxonian 7 &% Phormidium
spo welEtelor, Ad4 oA Geosming Ak
25 FRIEII ) Iwase®} Abe(2010)= Phormidium 65=
wjeFsto] PM716014 Geosming AJAHg S Harskoleh £3
S %3 Pamoneum, Pbreve Pcalcicola, Pformosum,
Pinundotum®lX] Geosmin©] A’d¥vka Hi¥glck 8¢
139 St30lld S Phormidium spS 4S5E 700,
1108, 408, 116 cells/ mL2] HA57F A== Atk o] A7)
of A Geosmin Phormidium sp.©] A9 AO = 1
Sli=3

2-MIB %9 49 %57 3m AHIME AEHA o
%31, 6 mollA F7ks7] Al#ete] 9 mellA] Ao sEE B
Sk webd 2-MIB= dxAllate] obd o dlel os) &
e Zlow FA¥)



18

Kim et al.

Chlorophyll-a (mg/m3), DO (mg/L)

0 5 10 15 20 25 30 35
0 L LA L Ol L L
2 %
4 %

Depth (m)
)

8
—o— Chlorophyll-a
—o— Geosmin
10 % —x— 2-MIB
—a— DO
12 — . . :
0 50 100 150 200 250

2-MIB, Geosmin (ng/L)

Fig. 5. Vairations of DO, cholorophyll-a, Geosmin and
2-MIB concentrations with depth in St. 6.

8€ 29 St. 6 AN A RS AR AAEHA
Aok=l, FFFols EXAlrel 3 KAl Microcystis
sp., Anabaena sp., Aphanizomenon sp., Oscillatoria
sp.ol T2 HEEHSQIT FHE 5 4a F5E 4 molA
7P Al vheRstar 1 opi R A sk AdE BS
t}. Geosmin %= %37 2 molA] 7H =4 AEL
], 6 m7F4] A} 74811 8 moolshellME A9 AEHA
FSITHFig. 5). WEkA] o] Aol oA St.3 AR rRb b
A2 WAE Geosmin- Anabaena sp., Aphanizomenon

Table 3. Cyanobacteria species observed in Daecheong
reservoir

Algae Occurrence Species
A.crassa, A.flos-aquae,
Anabaena sp. A.macrospora, A.smithii,

A.aphanizomenoides, A.sp.
Aphanizomenon sp. A.issatschenkoj, A.flos-aquae

M.aeruginosa, M,novacekii,
M. flos-aquae, M.smithii, M.viridis,
M. wesenbergii, Msp.

Microcystis sp.

Oksicillatoria sp. O.limosa, O.tenuis

sp., Oscillatoria sp. 5] ‘HZArol A& ANE F4
Atk 8E 299 St6 FAFIAE 2-MIBE AZEEHA] E3hth

SRR HA) EHE Ao R 2R ERT T
Aol s AdEe Ao delA vk Geosmint
2-MIB= gxAlro] vl wjgko s gaksh= o)A}k tiibad
ol7] mol HxAT FolME WAl EdS Aidse Fol
AL HAAEEe] Qlom, Arkgeletal sh ek S x10]
g eclel wel ArtolRel Aidkel Aolzb gtk
(Geum River Environment Research Center, 2012). 3}
At FEATS Geosmin¥ 2-MIBS] Fo3H WA oR
dA qlom, WAl Biksol BEA Jlore dEd &
E9} HEARE ko] Aol oJal A9l BES FHchs A
o] F3] 7kssith

2013\ 49 99914 201313 102 297H4] TR S oA o)
WASHE Microcystis sp., Anabaena sp., Osicillatoria sp.,

Table 4. Correlation coefficients between Geosmin, 2-MIB and cyanobacteria species

Cyanobacteria species N 2-MIB Geosmin
Microcystis aeruginosa 54 -0.123 -0.084
Microcystis novacekii 31 -0.175 -0.174
Microcystis flos-aquae 40 -0.029 -0.026
Microcystis smithii 13 0.020 -0.116
Microcystis viridis 2 - -
Microcystis wesenbergii 31 -0.031 -0.172
Microcystis sp. 46 -0.172 -0.036
Anabaena crassa 2 - -
Anabaena flos-aquae 77 -0.069 0.445
Anabaena macrospora 35 0.006 0.819**
Anabaena smithii 30 0.716** -0.021
Anabaena aphanizomenoides 27 -0.142 -0.117
Anabaena sp. 7 -0.226 -0.322
Oscillatoria limosa 59 -0.289* 0.171
Oscillatoria tenuis 1 - -
Aphanizomenon issatschenkoj 39 -0.241 -0.035
Aphanizomenon flos aquae 77 0.197 0.579**

**P<0.01, *P<0.05
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Aphanizomenon sp.°| Hlsto] & 2AHE AAIERITh ol
SO EHE F5 Table 39 LR

A8 o1 toll A Hishida 5(1988)2 4 Yodo 72| Al
Tl Anabaena macrospora®ll €13 Geosmin®| %43}
Atk HAElrh  Aoyama  5(1990)2 1987 8¥
Mikawa oA S WAl=Ze] A1 3] 98, &
T A 28t Anabaena macrosporas W%5t] Geosmin
S gRIseltk 1 % Aoyama 5(1991)2 bacteria
free JEIS] WA olX Anabaena macrosporas Vsl
Geosmin 4/d5-& #RI8I%ItE Van der Ploeg ¢} Boyd
(1992)= Foldolx Geosmin®| > Anabaena sp. 4
%3 Aphanizomenon flos-aquae®} 77} Qlrkal B
a3tk

B AollA AAEE AREAS A8 Al LA
0.010]8ke]  Feg=EollXl  Anabaena macrospora(0.819),
Aphanizomenon flos-aquae(0.579) 9} 2§t g o] 3l
% tHTable 4). 2-MIB% Anabaena smithif(0.716)%} 2]
S A lo, EEe el gl & ¢ gleleH, #
2] WS Sl Flsfor & Zlow mel:

a4 B
2 A= A 504 Geosmind} 2-MIBS] A3+ #7114
B B4 g A Q018 BAEkith AR Geosmindt

N

-MIBS] S HEAlRro] HAsh= 49 ~10€e] =3
T FE7F SRR, o] W 119 ~3¥ell= HE3
ToF FE7F dA8] AAseleh A el daglo] dERAlRt
A A7 AR SIS WA AE sEE TFRAR
o Al A AZE Ao, HEAlR ol 5 ol
28 o SIS Th AE R Geosmin 9 HRATE
NATF7} st o2 A Akt A Hol, o] Al7]o &
At Geosmin FERAR 7194%9E A5 F SUSIth
Geosmin 5%5+= Anabaena macrospora, Aphanizomenon
fos-aquae®) NAG2l, 2-MIB §% Anabaena smithii
o] MAFe} Folst AAHIAE B WAIER L dRlFoR

48 4 A%tk
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