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ABSTRACT

Optimization of Advanced Water Treatment Process
by Pilot Plant Operation

Im, Hyeong Bog
Advisor : Prof. Kim, Sung Hong, Ph.D

Department of Civil Engineering Graduate School of Chosun University

The unpleasant taste and odor in the tap water cause various problems for both
citizens and water supplier. These days, taste and odor problems are often
reported in some water purification plants. Geosmin and 2-MID are known as
the major taste and odor causing materials in water purification plants. There
are many ways to remove these materials such as advanced oxidation process,
activated carbon adsorption and its combination process. In order to apply such
a process to water purification plants, pilot plant experiments must be carried
out first. Dongbok-Ho is one of the water source of Gwangju city and has a
possibility of taste and odor causing potential. Gwangju city plans to retrofit the
conventional water purification system into a advanced water purification
system 1n order to prepare for such taste and odor problems.

Ozone alone process, Ozone and hydrogen peroxide combination process,
activated carbon adsorption process are considered as advanced water
purification process. Pilot scale experiments were carried out to find the
appropriate processes and to obtain the design and operation parameters. Ozone
alone could remove 50% of geosmin. On the other hand, the combination of
ozone and 3mg/L of hydrogen peroxide could remove 90% of geosmin and 90%
of 2-MIB, simultaneously.

Residual ozone is harmful to citizens. Therefore, ozone quenching step is
necessary after ozone oxidation process. Considering residual ozone and

oxidation efficiency, the optimal ozone dosage is obtained as 0.3 to 2.0mg/L
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with the 15 minutes of contact time as the result of the experiments.
Manganese also threatened water quality. Very often, manganese concentration
of the source water exceed 0.0omg/L but it reduced less than 0.0lmg/L by the
conventional rapid sand filtration. However, 0.3mg/L of ozone could remove 60%
more manganese.

Biological activated carbon(BAC) adsorption increased the removal rate of both
turbidity and dissolved organic Carbon(DOC).
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2287HA WStAIZIE A &) Bal& e k(/min)E SAMEE 1.2 oA &F9
a7 b wES & £ Jduh ol 2F9 4% E OH Radical A4S wWEA
FEE F deS YEE He® 0,/H,0, AOPE HE3 3§ HA LHAAR
A AR des ddrEdda & ¢ A (ESF 5, 1996)

IFRLEAAE AT H,0,° F9HE& 2SS 98t & div] 02, 05, 0.8
(w/wo%)= WHSA 71 A DA Aol A H,0, Bl&°] 0, 0.2, 05wt%= 7+t

w2} OH Radical-CT#ke] AE Aoz F713lal, Retzk®= Radical A
A AAEe 7MY, 04/ H,0,
=T &, 2002).

()]
=

de AN

geren

5wt
21% OH Radical A

A8 A A= 17,09 F

Tl H0,° & 2 0,99 R4S A (25)~ 21D 2k
H,0, - H" + HO, (2.5)
HO, + 05 — HOy + Oy (2.6)
Oy + H' — HO, (2.7
HOy- — O, + OH - (2.8)
HO, — H" + 0,- (2.9)
O,- + O3 > 0, + Oy- (2.10)
20, + H,0, — 20H + 30, (2.11)

2 (268 HO, = Hitstrid] AR T LERAE MAGE ddS o
AL, 2 WhgE Ao R AHnkgel oste] OH Radicalol A€tk tha] e <
Fo] ®aE = wgo] 7M&EEE Ao th AT EAIAY]E, 2010). B4 OH o]
o] e&Ewa /MAA=Z AFEE7] ol ¥2 pHolA = o&e zsﬁﬂ L=
dutxg o g 9 &R 9] Mechanismeol 3t w32 Hoigné 5o 93] 39 2sHA
ArE S mEH

O3+ HO™ — HOy + Oy k = 70/M/sec (2.12)
Oy, + HOy — HOy + Oy k= 2.2x10°/M/sec (2.13)
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2 Hydroperoxy Radical(HO, )@} Superoxcide Radical(

O,
Al e &R A9} w-8-3Fe] Ozonide Radical(O; ) T4 ZE A OH RadicalS

Fdgtth FHE4AQl OH Radicale & AAHT % ALAE 7HAH(3.08V),
Aol BE 71 v wE 52 235 REgshe 540 Ak o[ A7 Abs)
2 BS 9ga) s AE 37 ¥vhSAlA OH Radical®] AAS 7F&Estste] (7%
As Agshs WS 154834 (Advanced Oxidation Process; AOP)©] &} &k},

AOPY] ZRE= 3R Z718E Askde ZRe wet 0,/H,0,(PEROXONE),
Ozone/High pH, Ozone/UV, TiO,/UV, H, 02/ UV, O,/Election Beam, Fe/H,O,,
0,/ TiO,, Os/Metallic Oxides 5¢ W Eo] Ark AsHAl] wE ALkt &3
OH Radical®] ¥Fg-&H5+ 3 219 3 220 YERATH

H 2.1 4SHAI0 TOHE AT Hlw

b 31 A 2FsEA 9(V) A3}HA] 23S 9(V)
OH Radical 2.80 S 1.68
& 207 A 1.36
i R o1 177

T 2.2 Mel2&Y 2F1 0H Radical 2l ST Hlw

T B Ko, (/ M/ sec) Kou(/ M/ sec) H 3
Geosmin ok 10 oJs} 82 x 10/
2-MIB ok 10 ol3} 3 x 10’

1,4 Dioxane 0.32 25 x 10
Benzene 2 79 x 10/
Atrazine 6 3 x 10°
Ethanol 0.37 19 x 10°
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232 AOP €74 &4

1) Ozone/H, 0,
ks A9 HO,7t
OH Radicals #4dste= deE ol &
E(0y)ll #Aie 54 (H,0,)E 3 7Fskel OH Radical<
AOPZ} 31, PEROXONE& ¥ oletak &2},

203 + H202 - 20H'+ 302

= Wbl o] ¥ OH Radical

IR

H,0, + OH- — HO, + H,0

F4kst71 (OH) K. 4

sto] {718 s F38

oR WEY) WEel oE

&t 3t 3%l OH Radicalo] 2] (2.15)8} 7ol
G183 Wgekx Eotm wabstael wgsle] edw AbalEgol

weld %
1o ehiith & 238
(2.15)

1% 2.1 Ozone/ H,0, AOP 2AIE
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H 2.3 2E3F ¥ PeroxoneEd £4 HlW
T % Ozone Peroxone
o= Haen | AN AEEE OH Radical | @054 12 0 OH Radical
o S AMeme nEel Ra | wis) 2ilele] 9 ok
(water at a pH 10.9)| (1 9sec) = Z=7H0.047sec)
oF R4 5~10% W kg0 2 e &S
F Abshkg FiAl oJgt A5 AksP-e- | OH Radicaloll 9] 3F Abspit-g-
Fe, Mn 4+3}s T Tha vl &4
st A& Ak ARz whet #gH KA
AERAE AEl 2 %5
A5 5 5 ¢
ats Al R EHCTH A& E715)

Geosmin, 2-MIB, 1,1-Dichloropropene, TCE, PCE, 1-Chloropentane % 1,2-
Dichloroethane 59 944 F718FEE AtstA| Ao = 2EFH KT Peroxone
a0l BdA oty At/ Ee HA FUHl= o ATATEANA 02~
14 AR ThgshAl Baxa glow, 9_%(03)34' WAkt A (H,0,) A A& o]
FAMZ o 311 Argkal A sk Ao g A wher] dEiel 22 g
9 FaFs WErhKDS 57 55 00 e BrAld AAVE, AT
2) Ozone/High pH

rod
(g

2EL =2 pHAA %2 OH Radicale] AAAE+= H2& o] &3 ¥AHS=Z pH
o] W3zl OH Radical A4 SHAA B oyl ARZHAME Fa3tH, AF
FHo| mE A pHE ZAs= Zo] st =894 OH RadicalS A X5}
= =42 oy M7 EAFE F den, olyd 24 v % #3327} pHel 3
F& s & Ak ¥ OH Radical®] ®FHg-21> 2 (2.16)~(2.17)¥% &2, 19
2.2 Ozone/High pH &4 g 22 EE Yeplth
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O, + OH - — O; + OH (2.16)

O, + H,O — OH -+ OH+ O, (2.17)
71/
o le—F— =y
o0
o
(@]
(@)
o (O %
~ . 5
R 2157] LEYYT] =
LEXET|

& 2.2 0zone/High pH AOP 2AIE

3) UV #&s\H(Uv/o,, UV/H,O,)

UV/ 0y, 2bsbAlo] z49)dS A OH Radicals A48t W olw, Taube
Payton 5ol o} A+ Aotk AL oAyAd o S+ W= H,0,7F

X431, OH Radicals WA= =WolA= 0,/ H,0,3A7 A5, 4712
3}

UV AAmenE AAT 4 9l Aol Atk oo Agla oy=d] o

&l (Photolysis) ¥ ] OH Radicals A/dste= WH o= 24 (218)~(2.19)¢F o]

=z
1= K3
AAEE BARSA7E SR OY 23S UV FRaMe] 4 BAEE 4

R

O, + H,O + hv — O, + H,0O, (2.18)
H,0, + hv — 20H- (2.19)

¢ 7 v

A O~

ELTZCE R 2244

009 009 oo
o0 oo oo9% |o

9]
o0
009009 0o

OO0 00 oo 9 [o

t

I

UVv/o, UV/H,0,

8 2.3 WV Z20ig AP 2AE
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Geosmin, 2-MIB % <3 DBPs: & H,0,9 3#&3= T3 4% OH
Radical#}e] wh-g-ol <J3] Zal€ch UV Ay xzAtel ot FE37F Geosmindt
2-MIBE A7 Fa3d 95 o= A ofyu, #4std DBPse A3 3Es
of 93] alEA etk BEA DBPsw A4 dslel o3 EsiEn, BEsie
THMs, HAAs® FE& £=44E 10 °~10 ?/sec Abololal, BEQA o u}
2} AX Y. Tribromomethane® Dibrmochloromethane< 6mg/Le] H,0,< 1,200m]J/
err®] UVA A 99%9} 80%2 ®3l&S HolH, Geosmine 90%, 2-MIB+= 65%
AAL}, x4 Tribromoacetic Acid®} Dibromoacetic Acide= Z+2F 99 %
2 80 % waEn. AEHow HAAE 9s UV/H,0, 345 AA3H DBPs
AAe= F7F 15 45 7 Jdod, 53 d559 Bromide %7t =0}
Bromated DBPs &%=7} =2 A oA H&% 28t Q&AL Fo BEsta o2
S 2RY BFido] dAHY] Wil UV/H,0,7F L&A eit ¢ vfghz

(Chang Hyun Jo .et al. 2011).
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waEdAgere] 71F ek A A7) olAW E-e F& el m A= FE] o
S AAde] o5t PAC, GAC, A eAd - (Activated Carbon Fiber; ACF)
ol gt o)A B4 FFAAA &8&2 PAC, ACF, GAC £2.2 §89] &t} o

2] £27F e PACE dolA Z=FTA 5 vl Ao A
Aolt}, FaEAo] 43 ACF+= GACE UASE dite

Ay 71¥A7] BoE PACS wAM7|Ee ®¥7F /b F83% 2<lo|t 52?‘&,
PACS] S)A427]7} B&42 Geosmin, 2-MIBS] E247 Fgol ol HFAd
A7 24 & Aol f4A A7 A BEEAd s ARk slo] fels
i, 20mg/Le] PACE F9ste= zlol AAstthar AA st vt (= oty &, 2017).

B} 3ol 3 digk A5 F PAC® Membrane =gl tigh -0 A
2-MIB 50ng/L, Geosmin 200ng/Le] #<UTEE 3] AAs 7] YsiM= zhzt
18mg/LeF 20mg/Le] PAC7} o] Zaslt} 2-MIB9 Geosmin AAE $13% PAC
A FHsE+ 15mg/L7F A3, Coarse-PAC HZF7]olA 2-MIB¢t Geosmin
o] 7% ol’do] AgHd®E PAC 29 = glol= AlAHEY. Coarse-PAC A=
7]oll A 2-MIB<} GeosminE’J AAEZEL F2ol vdsta, Y49 2%7F 50014 20
S x At Wl 282 719 F ul7t Hol 23 AARSE ol BACY N
ik ALt &gl 2y AHRaAU des $9eth. Membrane o] A4Sk
(Transmembrane Pressure; TMP) 371 ©]4 -0.20bar Pl¥to.2 {2 = %lom,
T A 74 9 35E& 247 BBLMH(L/m'/hr, 2] @i d g o vy =
)2 98% A tH(Chansik Kim. et al. 2014).

2.4.3 A& A e (Granular Activated Carbon) &3

1) NOM(Natural Organic Matter)2] <3k
At Z3hE AARF7I=EQ0 NOM2 Bl E4d o] g3 Wal& v+ 54
2A Z27] FREHEA G2 k¢ Isotherm Slope(5-247AN 1/n)E 7FAA 7t}
2-MIB A|AZES =ol7] 93 3 dee] +x4 542 2-MIBE 52 F
J+= 20A°]3e] Micropores(P] Al )7F Zolok s, NOME Pore Blockage(Al-&

)S HAaEtHA 2-MIBE AMlE AF7MA] ols Al + & Mesopores(F 3t

=)
ot
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7] &=, 20~500A)7F A 2ol glojof gk B AE Y dIFd A
ol AgHogor, A= B2 sl s A7 AAHL Ak

slgol og Aol ©)shd GAC, BACEAS ©#3¥ DOC F35e 39 77
Edo] 7bxE WHCharge), T AFM EAAsE dARG BeAE

pH 4 #-ol A @ asizh 0 F2oz yehdd, pH7b 371855 Sxlste AR
ok oY MeAl= pH7E bAoA E s E wuy, pHYE /e E 1WA
&o] 744 Zo] ztol pH 7 F-ollA 0o 7HthH(Bjelopavlic ).

& FAFT pHAlA & SxetE 7HNBR Sg el A
= XAAste 5 f7IEREF whig o g 9lste] FaFo] wlg- e Ao
2 Hoth EeA gAe A old A= AlEFS v 4 3H(Activation) Al

ofAt AV A ' A= S71(Steam), HEHAIE SFEoFES AFEFOl wEl AlEoll A 9
FHAs 7L W& Apol7h vpar, ARAI Y] A ofAAI R FHAE ] o Bl
wolth, EAEe FA5S AaA>oAAS>ERA, gl FRAn AL AJA F
GHEE A AlTEES} Fo] Z A EA>EEA>oFR} A > Anthracite 22 -
st Ao A NOMe A& 151 o9
EBCT7} oA oF BVl wel At 10~17% Hdl 18~24% AHxo] Ais&s o
=T NOMe| @48 &2 ARt &7 f7I=22 10,000da olst F71=2
AA7E &olstH, HAASFP(HaloAceticAcid 5 Formation Potential) 2t} THMFEFP
(TriHaloMethan Formation Potential), BDOCrapid X.t}= BDOCslow®] A A7} &9]
stty, AESAdETAH o FrIEd AAELLS F=2 IFAH 1,000da o]t
7152 A A7 &olstal, THMFPR th+= HAASFP, BDOCslow X th+= BDOCrapid
o AA7F &olstth(E3]F T, 2007).

FAS Bt HAEL AL FHEeA Al 58 Yo ddEHY 849
AAE A 7 Fal=d(ESF, dA=7, W37F)3 DBPsel e 23 A3 44X
o o3k AHRIAAS A Ayl ot wFFAHELS 7E FTAHAA &
A/AA7NA 25% A9t AHIA = 50~60% AAEHY, QLE+SHE FAGA A=
97% ol AAL & Av= As At &2 olv A ¥ THMs, HAAs
o AAd = EHA oA et DBPs® Z&74 A& A= 2F°] HAAsY

A]

2]
COOH7| ¢} v WSS 27] wiitel fdaFd d LA Y7 avdus AR

>
ot
ol
e
>
j)

—+
jo
=

Q

Q,
+
@]

il
o
ofo

A
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< st £, sl NH - N, 270 AV EAduE A daA st

GACoA EBCT7F 7£<¢ w 50,000~100,000BV ¥ =4 7}53% 1
(MicroPollutants; MPs)2] 3}3}= AR o o] =

10% o]AF w2 &% 7 CURs(Carbon Use Rates)E &t 2#¥ DOMY}

& GACE AHE 33lo] A% A3l DOCo &7t =255 7] MPs®| 337}

A8 ko (Anthony M. et al,. 2015).

Geosmin® 2-MIB2 27 o] 0.54nm((5.4A) B xo]al, A= (Molecular Weight;

MW)o] 2t2(Geosmin MW : 182, 2-MIB MW : 169) E#o]7] wjiteo] F=

27

2 200 o5t AEA F71EFH AATIAAN ETolA Hrl AlF(Micropores; 20A
o]sh)o] F= Wtz ofxA XMttt Micropores, % 1H&(Mesopores; 20~500A ©]3})

of mF WHH MEAL R-dATA AALE] LAFL ASATE GACA

J&

Gosmine 2-MIBX.t} &
el = A 2=E AL
2-MIBel W3t GAC 35S #A2AZtHR. Scott Summers et al. 2013).

FZ9 Geosmin, 2-MIB%2} TCA(TriChloroAcetic Acid) A AE €3 Y&

Aol ofshd oat HaA Fddo] A HEA SAEERY [ A

"ﬂ 5~10% A& &&ol Tt ot WA FEEHY A EFx7d= it
BF E =t

A7 A%A o AR fUHE A QAR Yol A o] 5L
o BRARHES o7 98 F23} S| MEAG A 49 A AL
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244 ABEAHH(GAC) &3 v d

S|
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01 q_
SENCE [SEEIIPARY
Post- Adsorber+

A Al FAdagdd met GACEHol fxst= A
249 Pre-Adsorber, Post-Adsorber, Filter-Adsorber ]
ArAes4 —4

==
lgo

2.z

1:1‘715

1/\
‘ITH

. Filter-Adsorber+
Akarol of 3}

K
THoR @

031

r_>d

=
=

mﬁ

OE

rSH

Ay
T

} . W

H
N

AFAL AFNA =
DOCel tjste] P AAGAZ
ﬂi%% 9% %= 1.0~3.0mg/L, 2-MIB 100ng/L Spike, 3
2 38~70% WHAR oF FYE IUESFE AALEE
A EaeL 1.0~3.0mg/L He oA Geosmin A A &°] 66.8% A
MEA AA SHANH= GACHS, F/A(Filter & Absorber) H. U=
Ao Z B3t THEE5 A FAL, 2004).
Axste] 1d 47149 B2t oF 45000BV7HA]
Fol oF 10,000BV7HA] &4 a3 AR 1
A F(UV,s,, Abs, COD,,,, TOC, DOC)=
shAth oF 25,000~30,000 BVel A 22l
ZaE&S 80~90%° Z=EIchH A

j=4
= A
=

=
o

g
739

[e)
RN

ok
2}

= =] O
sk AE s

T71%&

LIS

_4

GACS 0,/GACIIA # 2] 3
stk o 2
1996).

CD]—O].'"! Al EF O Z %,
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el U2 agd 460 oa edHol =F7F FAsH] Wl NOM¥} |
AEAZE S7kskan Qv GAdEEAe] F2ae H7HE fAske] GAC, 0,/BAC,

Membrane 5ol tal] EFAEAX]o o3t AL YPATH S AASG=d o] o £
T % NPDOC, UV,;,, THMFP, HAAFP, 2-MIB 2 Geosmin®] I L2 H XTI o]

Ak AF An dwrHd A Bl GAC, 0,/BAC 42 AAE=7}
s 8% f7]¥A(Non-Purgeable Dissolved Organic Carbon; NPDOC)2] #| A& &
S 7ZH7F 0% 2 30% E7HA1Z 5 U, 2-MIB9 Geosmin A A A= Stk
& ol Bromide?t 2&% 79 Chloro-DBPFP”} Bromo-DBPFPZ 7 3ke v}
ZT#9 GAC ¥ 0,/BAC &AM E CHCIBrFPE &3doz 7HAaAZ 4= ¢l
om, BEstES FRote 59 2EAEE CHBry 69 FA=s AAAZAH
HAAFP7} GAC % 0,/BAC 340 98 Ae=%e @ HAAFPE THMFPR
o A7AZA 5 glon o] HAAZF GACY 0,/BAC 244 THM=t 4
A F2E . ARsE 7] wiZelth. UFS NF Membrane %5334l 93 124
S 2| 4= NPDOC 887%, UVy, 94%, THMFP 843%, HAAFP 97.5%¢] 7]

S Y Hau F49 AFE AT = Jddrh 28y Membrane &% ol A

o
>4

= ‘?"Q‘%ng] /\U]Z]I—:l— %x1]§ _%EHQ . ]lf_‘ Fouhng ‘|1/"— Scahng %—%
NF&7gelx FastA s ojof & A&o]th(Jong-Sheng Yang et al. 2010).
o]¢} Zo] Membrane ¥4 O;8AolY GAC A =g 4§ Hxu

e ANT £ JOoBE FF TUANAE BTt B AT HEIL o Fol Aok

2.45 A E&A e (Biological Activated Carbon) & 23 A

eEAE ¥ YPBHVE AW S T Y FHL SRR HEHAe o
o e s AEdE Gtk Al waAt. d4ddw §3 Aol
Abshd RS Ae5e AAH T Ak LF2 A

(Assimilable Organic Carbon; AOC), AE®37ts £F 7] ¥4 (Biodegradable
Dissolved Organic Carbon; BDOC)® #} NS B oty FAY 27| AFR

BFE AL 7] wEelTh

e
+
X
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BACe] HY FdL fFrlEde] AAE FFolvt &= GAC Hlste] 53
B AERdets F A AAVITE E&drke Helth BACY F352 GACSH
Aol Fdstttal B o] Z2 BACO A v Eo] A7]e] #|ekd Macro Pore(10
~100A) AR AMAstes S48 Ao 99% o]/ds Hfrsle Transitional
Pore(100~2,000A )2} Micropore(20A ©]3sh) 7} A A 3F7] wj& o]},

ey sl -d =2 (Non-Biodegradable Substance)el ©ig BACY F 2%
< GACSF A9 sd3gtd B=34 el 7Hsd 545 A= Fallste] AAGERE

3

;
= FAsde AR drd

td

B\ 1 o0 1= %
Cycleo] GACETY #A Aojx fFxden]e] A2l d3hs 7 A k. H
€43 ool = sty BACEAHS A2 =

Ae AAF7] Aol = %ﬂ#, FAxTAE F AL 2

7~738%% YERSth Algto] A#gtas vtato] ool whel DOC A A& 7Ha
3, UV = ol E20] Eu ALdo] e 540 g%t DOC 93} Fo=
QAR JFL wob GAC BEFH A$ LEGAC Ao 1

[€) -
RESAE7E oA AF27]9%E Geosmin HE¢] S tHo]dF 5, 2006).
[e)

A wa ksl pol SElte AFFEelA A Fol % WAE fushs o)
x4 4L 2-MIB9 Geosmin 5 ©|th Beihai Zoul 52 °©l& ut- WAl &
A F F£F9 Geosming AAT 4 AdE= 37FA] Gram-Negative ¥ Eo} 55
BACol A Hglsle] Azter4 #A4 16S rRNA(16S Ribosomal RNA) fFdAA <L
FAS %3 Chryseobacterium sp., Sinorhizobium sp. % Stenotrophomonas sp.&

ghelstidtt. ol 55 F71E wiA oA vl YFste] Geosmin &% 2mg/LY W AARE
F 23 A3 Chryseobacterium sp., Sinorhizobium sp., Stenotrophomonas sp.+=
ZVZ} 84.0%, 80.2%, 74.4%2] AAES HAT 560ng/L Geosmin¥ W= Z}7ZF 84.8
%, 82.3 %, 825 %7t AAE= AL &2AsAtH(Beihai Zhoul et al,. 2011).

9] ATl Mgl 2ol BAC Woles #71& o5 AAZ 5 e vAETe] =4

I
g
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ok - WA S I Pav]Ee 20ng/L ©]3Fe] ™, Microcystin—-LRol] ok # 1L
712 1ng/L olst= AAE o] ot A7EA] oAl ZRFmae] o I8 AL
= BaE vyt gl

2.5.2 2-MIB% Geosming T EA

FErEA gt WAEAE 4o dEAS EEE FX2Fe 2E AT
PARFE 2 R E 2 E = Geosmindt 2-MIBolth o] & ub - WAl fubEdo] ukay
54 s flste] A A O AHe] A d-AFE dYe®E 2013
Wl ~12€7bA 197 WA EE Y S 27 T R KA g Tl diE] H
NATE AAEGT. 2 A3 Geosmine ND~274.0(x17.0ng/l. 5202 HEYH
i, ¥ FE Anabaena Flos—-Aquae’} 2,560cells/mL$1 3L, Anabaena Planctonica

1,380cells/mL & H&F7F 74.1%E A3, 2-MIB+= ND~386.0(£46.0)ng/L <
To2 HAEHAL, T X[ FT FERFT 483%, =d =FEFS Microcystis
Aeruginosa Z°] 12,600cells/mLE ¥ ZF T 67.9%% $dF |t Aphanocapsa
sp.F 2 4,560cells/mL% 24.6%, Oscillatoria sp.i= 1,240 cells/mL% 6.7%% YEFW
togt - WA EL Y AT EEY A B4 A3 Geosmine sHHGO A4 HE

0. = 0.79% =2 AHAEE YERUT 2-MIB+ 8hd<F,
IS Lj_% 05 ol e =& H4aEE Yl A5 ATHE o 5, 2014).

1965 Gerber®} Lechevalier= WAoo 2 HEH SWAZE s HAES
Geosmin®| 2} FH &k, o]F 1969 WA o ZXE X 3 FFolWAE
= 245 B8 a3le] 2-MIBY S R1sT o] & we =
o] FWlAjel FFolWAE AE FoE FAHSISH
Anabaena sp., Oscillatoria sp., Phormidium sp. &< =t - WAl &4
AT (R ok &, 2013).
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H 2.4 Geosmind 2-MIBS E4

SR Geosmin 2-MIB
CHs HsC_ CHs
H CH;
O_H C:;H;.; CH,
3}3tE WA | trans-1, 10~ dimethyl-trans-decalol 2-methyiosborneol
B 24 CiyHy O C1Hy, O
A 182.31 168.15
HAAAA 5= 4ng/L 9ng/L
Ty Al 5 - 3o WA o 3o - sk WA

GeosminZ} 2-MIB9] dWtA<Ql 54L& 3% 249 £, o] EHEL X279
A g F 33 A9l Chl-a A4HE Z(soprenoid Pathway)E &3] AAME =
Aoz v e - dANELL Mx W AA, A9 Y] E (Extracellular
Products), #éj4tE W3 (Release by Decomposition) 53 #& ez = . W)

g fuad

BN
)
ofy

Lyngbya kuetzingiit= o8 714 X9} #=

Geosming HIX[(AZ &)= HE=H Ao, dFES AEZ Yo ARG Eig}
A tH(Zhang et al,olA AQ1-8 2009). Fx=7Fo] &<
2 3 AFeE AlE Hel &A% Geosmino]l ¥}
Hol A= As Flstdth Fx27 A4 9A 5 Lag Phase(-%=7], A A 7))ol A
Geosmin®] &Ao] F71ey, HAAAAS Holx Zax= ZHNA Geosmin AAEo]
wolxtta ®W 13kl ®3dF Anabaena Circinalis % Aphanizomenon Flos-Aquae
& e ® 3 AFolAE FE2F7F Gl wel Geosmino] AE el =
a, AFE 7)o ol2# M MY Wor HWEHE AoR 1JrE]r”FQU]] AdaA =
Fre7]el Geosmin A4ke] 7 =L AL

GeosminZ} 2-MIB&= P27/ Al doA Aitksr
LoDt Aol dgstA ke oA Ailo]l Frkete] AR el A ¥

-
A AN 2T AME Al AR fTe R BEE s ol SR

7P A A=A

HJQ

o=yt A A o] E@

0
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2.5.3 2-MIB¢} Geosming #HAIAL4)

FEEAAM Y vt WA ZAl= FWE AlEste] v=, dE 55, S5, §9, oF
g7t & A AAF R B vk 53] Geosmin B 2-MIBell &g FylAY,
F33o] WAje WA e Aow ®aE I 9tk Arizona, Texas, California,
Florida & "l=rdf A 92 o5 ~7FS0l 2-MIB9} Geosmin®] 100~150ng/L A
3t Aoz HuFEo naEHi A= 1997d Michiganioﬂjﬂ 2-MIB”} 90ng/L
sy WA Fo e FxrEodA FFFur A sE EAVE AT

HauEgeh vlxeAs 2-MIB 243 0] Hldshs 43S Heolw, 20T vt
A& 2-MIB WA =7} vrba ®Waskgl).

AR gl EAE 7P AsHA A2 vYaE AACdA FY9sA 2-MIBe}
Geosmin< ’\2]7]5‘0i A JqTHIE FAA, 2004). 19961 L FAYA o
A A= 73N AFde o2 AARE AL o5k 50% ol o Aol
e wlA EAE A dow, B WAe] 70%7F F-FFel WA A
Hzte 2-MIB7F 9,660ng/L, Geosmin 2,880ng/LA o™, A4 Hoizte 7
380ng/L, 338ng/LAtFal 3tth. 5o 4 %= Myponga Resevoir, Happy Valley 5l
A Geosmin®] F#ng/L. FEE WAt oSS A gow, =S Yanghe
Reservoirdll A Geosmin®] 7,000ng/L7}A] A8t vhal B astdeh(H A A 5, = ¢
S A AQlE).

Tl A= tiA oA 19861 o] $H-E HEF{F S Anabaenacl] &gt WA 7 @
Astgom, FFA HEF oA 199549 Anabaena Macrospora’} th# WAl sle]
o] WAl wido]l WAEgTE 2004 10¥€ FFA DASF A Geosminol] &) 3h
WA 7 @A 3, 20059 89 =3 YA T A= Geosmin®] Yol A 124ng/L,
ol Al 8ng/L7kAl F7kete] dE2R= 9 wigdo] WAE I THE HEE 2k,
2006). 20099del= &A4HAl Al FofsolA 2-MIB7F 818ng/L, AFAZ el A
Geosmin®] 337ng/L F%== WA oW (M A GTFEATY, 2010), 9 ik
SAAFA A E 20099 10€5FEH o 7ML Oscillatoria®l 93 2-MIB7}¢
320ng/L7kHA 57t S7kete]l DA A AaAgdd HelE A7% A o
T4 A= 20128 7, 82 Microcystis7t WA A o1} Geosmine 4~24ng/L,
2-MIBE:= % 38HF A golA 6~16ng/L vE2 AEH vy e s ey
o},

—

ol
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TFEHAANAME ZIFIoA 2001 6¥€o]l Geosmin®] &9ng/L, 20043 2]
2*MIB7]' 26ng/L, 59 5lng/L. AEHALHAMSALTEATY, 2010), 20084
5 4 g x2S HATE ?i%oﬂ HE5 7]
skl et O]jﬁ— id 2R 9k Ao r AR 9 ddAo] glon,
20120 &= AEHE OF 420997, Fx= WAIRILo] oF 2000 e &3t o]
I35 o] Anabaena WA= 6,118cells/mL7HA] YEl oW S 3 FHEHo
Al Geosmin®] H i 1,125ng/L7FA A &% Ao}
FdA Geosmindt 2-MIB Aol Hxp AstHu e FA ZFEA ol

Z olgr7b Hol weh wiol A= ol gk TAAR] A S A= HS &

s

A3 9= FAe ek
AA AFAY TN @A B9 A AA 2 2FUES A8 nE
45A2 T4 g ATE FaAHolol & Ao,
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