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Biodegradation of geosmin and 2-MIB using Biological

Activated Carbon Process

Dong—-Min Son

Department of Environmental Engineering, Graduate School,

Pukyong National University

ABSTRACT

Tastes and odor in water caused by geosmin and . MIB are the major
customer complaints for  water utilities. Therefore, control of geosmin and MIB
is a worldwide concern:

In this study, the effects of biofilter media type(three different activated
carbons and anthracite), empty bed contact-time(EBCT) and temperature on
the removal of geosmin and 2-MIB in BAC filters were investigated.

Experiments were conducted at three water temperature (5, 15 and 25C) and
four EBCTs (5, 10, 15, and 20 min). The experimental results indicated that
the coal based BAC retained more bacterial biomass on the surface of the
activated carbon than the other meterials. In addition, increasing EBCT or
increasing water temperature also increased the geosmin and MIB removal in
BAC filters. To achieve above 50% of removal efficiency for geosmin and MIB
in a BAC filter, above 10 min EBCT at 5C and 5 min EBCT at above 15T

were required. The Kkinetic analysis indicated a first-order reaction rate for the



biodegradation of geosmin and MIB at various water temperatures (5, 15 and
25C). Data obtained from the BAC filters at various temperatures were also
used to evaluate pseudo first—order rate constants for geosmin and MIB. The
half-lives evaluated for geosmin and MIB ranging from 2.39 to 10.31 min and
3.35 to 1397 min, respectively, could be used to assist water utilities in

designing and operating BAC filters.
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Geosmin¥} 2-MIB #2 ol#HE2 AAE Y= 2 FA ¥ (Craig et al,
1988; Tanaka, 1996) ©|u zeolites(Ellis et al., 1993; Derouane et al., 1990)& ©]
43 &&= A7 (De Jonge et al, 1996) T+ FToE&3 JAEA e(granular
activated carbon, GAC)S ©]&38le LEAHTAHY FHE] FUIE dAe =+
o} A xo wela H A3 o] &= JdtH(Yagi et al, 1983; Lalezary et al., 1984).
Bl oyl W& EA ek(Biological Activated Carbon, BAC)d] taj = &2 o
2 dyEa 2dssitt. BACE &4 8 Foll A= ALs ted edEs
PRt FAE mAESe o8 AEgHom A & F vk AGELE
< O dARA Yol Fgt Algol-glo] AlEe F Wi el wlg A7
Hzol mAEEe] PR FsH7] At mepAd-ztd Ao w A Fad
21 753 295 A (biodegradable organic
matter, BOM)< A7 3l = & olt}.
==

A7}, BAC 34 5814 A&a Ao 24 e LR I e e e o
wrh #7 Fggoln, 53 GAC olAle] FAE f71= 4o 4B R o
AEH F71sk GalF ez Qs BAHE GAC RS £ HAA7|, FAS ol

A GACY &€ AETA AR Qs GAC A&7I3He AFAAE
tH(Takeuchi et al., 1997; Ghesh et al,, 1999; Sakoda et al.,, 1996). BAC &
oA o] g EL g = AAEER 8 BAC HgFre e die
TS YEtdo] A5F4E] Aol Aa w GeaddAl v AE e o) A
dael ofH e tgHoR FFHALA FEE AT 5 Advh(Takeuchi et al.,
1997). o]# 3t WEsA o3 FAHL geosmin ¥ 2-MIBY AA sk H
¥ A h(zaguirre et al., 1988; Ashitani et al., 1988; Namkung and Rittmann,
1987). wehA 2 AFoA e AFrEet AdE Fo WA FEEZE geosmin,
2-MIB ° ujs] A FAHolA 2d 67143t AFEE A ekAl(coal-based), ©FAHA
(coconut-based), 5 &Al(wood-based) &/ &7} FEZHAIES AL&3to] Tkt
e F A ZHempty bed contact time : EBCT), 949 & % BOM ==
WA A theddt 2ol A geosmin ¥ 2-MIBel tlg AEREs 2 AEELE &
HohAel HI7HE ke &%, BAC 49 &9 2 AAX 7xARE @&t

sheie.
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AR FxFo A=EdS w3 ultt (Tabachek and Yurkowiski, 1976). o] x &
279 A&l geosmin® 2-MIB7} && Aol A Wi A kA3
o] To UJNEBAHE AxEUA AAHOZ FES Ao o] FHolgkrh 1973
Y AWWA(American Water Work Association)ol A 12070¢] =AY AE iy
ow WAe] Al ] EAME AAStdth 1 A3 F2F{F 53] Anabaena ¥
I to] Aol Al WA o] AFSS wrelom, wik g glolep st
H o7l FFA 5 A9 WAUd B4z vra At (Dice, 1975). Barnett (1934)
< v = AAYThe] 6297 FEAIGAE U o® ZARSE Aol WAl 9l
AR F2FE dAFednr B2FF HoSIF Anabaena 95 etk 1
2]o] wrg g ol A = geosmin®] Lt 2-MIB9}- 22 E o] AAHEH, FFo|F o
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1Y 5714 HE dANA A E G (Bentley and Meganathan, 1981). 1# 4y <«
oA s Ao 22 A7IE AP A I 8dARel A WA g shebE
S wEE IAE ofyEtal 9 tH(Wood et al., 1983; Higging and Silvey, 1966).
of ¢} o] Ztzho]l A-ANIE AASHA Fethe AMEL FACA TAHE WA
ol F7F FFRAdA HAE AT = s A dHAEel jlds A
A s 4= 9th(Burger and Thomas, 1934; Lin and Evans, 1981; Persson and

Sivonen, 1979; Weete et al., 1977). AFA 7F &g A st A5 HAA
9] <57} ¥ v, Silvey and Roach (1953)& ZZe}t5ntA] ¢ Hefner S5 9
Ao Y3 5272 Cladophorad AEWNA HAHS HASAT). Slivey
(1953b)= W3+ Chorella, Chlamydomonas,- Nostoc, Anabaena, Gloeocapsa,
Melosira, Navicula, Pediastrum, Aphanizomenon 5 <-333F 28 ZFH(E73T

SEAE) YR AR S ARGy Husdg. AR FEFUE R
=

7] A&t WA S w57 gk AEs da FEde] € F V] "WE
ojt}, v dB FxHE=.2-MIB9 geosming A H#H oz AAT F£x )
WAFe 98 Nocardia &3 357 AL tE FoAE BAE £ g vt

Streptomyces 4:2] FE5o| tjF&Eo|t}. Table 2.19 geosmin &2 2-MIBE 244
A7l A AT & YR (Wood et al., 1983).



Table 2.1 Actinomycetes that produce geosmin or 2-MIB in culture (Wood et

al., 1983)

Organism

Organism

Actinomyces biwaco
Microbispora rosea
Nocardia sp.
Streptomyces antibioticus
fradiae
griseus
odorifer
alboniger
lavendulae
2-MIB
producers

Geosmin viridochromogenes

S.
S.
S.
S.
S.
S

producers S, griseoluteus

S. chibaensis

S. fragilis

S. grisoflavus

S. neyegawaensis

S. phaeofaciens

S. prunicolor

S. versipellis

S. werraensis

S.

albidoflavus

Actinomadura sp.
Nocardiopsis dassonvillei
Streptomyces antibioticus
. griseus

. praecox

. griseoluteus

. lavendulae

odorifer

chilbaensis

. fragilis

neyagawaenis
phaeofaciens

. prunicolor

. versipellis

MU unnunnhhonnnon

. werraensis

Fgol mold o B BBl ¥ FuEe TR AW MABA F7)
2 wEol Wt AFAFE ASHE Bolt fue due xR S8
driit GAEAels #AE G4 Hx 9 Gx 9 3



ZWAj el HENE fsle Ao 2 UeEbYtt (Parmer, 1962).
ZFol ok WARAA] 53] T8 g2 WA HAe] FTAE oy A= A
2> HSA Fo] oldg= Holth S T oA Hojd FEo] YAIE A
SAo] =tk Aoltd (Izaguirre et al, 1983). whalaAl W] vl A 7} W
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AdS 3 Aol At o] & (1998)el <3t FFdFolAd HAl A}
As dovle 27FY 456%7F Fx27/e oxE yewged, 32/ 5 59
Anabaena+= BN WAAALA LY 46%, Aphanizomenon+= 21% Oscillatorias 16%%

A s = Ao B YESY 2 FFoll= - Asterionella’t 46%E, S32F wolT
Spirogyra®t Scenedesmus?} Z4Z; 256% 2 WA FAE oW ZAoZE HIH
o}

Tl AAse dy R 2H{e
Hup g7 WA BAAL SHF] S|A L of
A ol MAFZ EAstes 275l o
AL 274 s (= =
At FA ] wEw I 255 Anagbaenas = 1mLY 5300 cellstt EA3to = W
A Ao dAEREZE EHE ALE UEht WAEAY] b & o r Yy
o Microcystis= 35,000 cells/mL, Oscillatoriax= 53,000 cell/mL H=7} dA -+
w2 ey

=(



Table 2.2 A limit level of algae as odorous compounds (0l S, 1998)

Taxa Algae cells/mL colony/mL
Anabaena 5,300 200
Aphanizomenon 6,600 200
Blue-green Gloeotrichia - 170
Microcystis 35,000 -
Oscillatoria 53,000 3,000
Asterionella 3,000 -
Cyclotella 2,200 -
Diatom Melosira 2,500 -
Synedra 3,000 -
Tabellaria 750 -
Actinastrum 4,000 -
Chlamydomonas 3,600 -
Green Closterium 200 -
Eudorina - 80
Pandorina 200 -
Scenedesmus - 1,000
Euglenophytes,  Euglena 80 -
Dinobryon 3,000 -
Chrysophytes  Mallormonas 450 -
Synura - 10
Pyrrophytes Ceratium 200 -
Cryptomonas 1,200 -
1.1 F5A -4 A geosmin I 2-MIB9] A
MBS Bite BHoR Feu: $E7h 94 5F oJHoR 445
U Bres FEAgdA 8ol frdol wrobA A | R, FEwolLt

Bhe| g okl A4 el

Fol WA, FiA, o

A, SAUA e 5



Al =245 Aoy FxFAA F2 Esks 2-MIBY geosmin?t A 5 o
At} (Izaguirre et al, 1983). o] A2 wl-$ tjdst vAEE] WAIE FEst= A
Ahes BHE e S vt 2HE AFAES Al EAs=

WA e WA, a8kl WSS 71331 8HE (dimethylpolysulfides) 2+ 2 5

Al7171 = 3t} (Krasner et al., 1986; Wajon et al., 1985).



2.2 Geosmin ¥ 2-MIB ¢ &4

Geosmin¥} 2-MIBE A=)

ol
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N
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L
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ol
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el

il

rlr
DY
=

il
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i

=

RN
of WAR BREE A4 = Ase LawAL o
Z

e

HAZ Qe T & AAHA V= Fo. dE

§rol WERIE AR AEAR AgHE 92 WA o)

oo

2

FrREAAE g4 A7 AAHA Gk a8y AE G
27 28E S W geosmind 2-MIBE Av| AP Al A AT} o] &5 <
5% (Odor Throshold Concentration, OTC)ZE Table 2.3°] YEFH AT}

Table 2.3 Geosmin and 2-MIB odors descriptors (McGuire et al, 1984)

Descriptor Chemicals OTC (ng/L)
Earthy-musty Geosmin
Earth—musty 2-Methylisoborneol 9

CH,

(a) geosmin (b) 2-MIB
Fig. 2.1 Molecular structure of Geosmin and 2-MIB

_10_



Gerber(1965) &< WAHoZHY s EAS geosminl® Pl A

2l o] CpoH20, T+%219] trans-1,10-dimethyl-trans-9-decalol °]Zt& A& Lo}yl

ow WA o) el FxF(bluegreen algae)ol A% AALETHE RS ok}

SHUAE e & g2 vAE FAEQ 2-MIBE ol FH v ##d

o2 Rusi v Geosmind 2-MIBE E5F 33 ¢4

2.1), WAfell ™z AFHELS geosmin 1.3 ng/L, 2-MIB 6.3
1

ng/Le FEoAAME A & 4 Jrtil Bt 2m(Young et al, 1996), FE &=

geosmin 2]l

AN A F714

o] olFm FAet #Hste] M FAS LAEAE AFH I At Geosmin
(182 g/mol)¥} 2-MIB (168 g/mol)+ @& xS 7IA oy Segs-5 2
WA (Kow) ol Al A A A4 AdE 7L glo] dvbaR]l A5 gdA=
2 st A etk AESA A geosmind 2-MIBE 1000 ng/L. 5% oo
EA4T 4 Jdvta HuF Ao (Yagi, 1988), 2% dFA 100 ng/L T+ H

A EA7F A S TH(Nerenberg et al,, 2000). ©]59 &% EAS Table 249
LER QA T

Table 2.4 Physical properties of 2-MIB and geosmin (Pirbizari et al, 1992)

Parameter 2-MIB geosmin
Molecular formula C1iH0 C12H20
Molecular weight “(g/mole) 168 182
Boiling Point (C) 196.7 165.1
Aqueous Solubility(mg/L) 1945 150.2
Kow 3.13 3.7

Henry’'s Law Constant 5.76x10 6.66x10°

_11_



2.3 AEFA & F A (Biological Activated Carbon Process)

e A AA
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3}
=

FoF(Nishijima and Speital, 2004; Kameya et al., 1997, Keinanen et al.,
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Health Organization, 2006).
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3]

_CH

oA

o

ol

:A_I

]
)

ox

A A &34 o] t}h(Scholz and Martin, 1997).

A Ed AAC &3 et
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H
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pul

Fol 1 PCBs, 54,

S

ixH

EEREE

7] & = (DOM) <]
o] ZFA o]l tH(Ghosh et al, 1999; Dussert and Van Stone, 1994).

= T
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e

) X‘*
i

X
o
o)
p

2k

<7~ 21 - (Okabe et

ok
=]

]
&
[e]

F g ero| o) 53

o
3

1A
]2
X
hm )

o

3l B
2

a7} ol

A Qaclel 9

Ay A o) th(Pirbazati et al., 1992; Carter et al., 1992;

4l

1+

=

2] g 3ol

3
%, (2)-=2 -3
7= 2w A =l

o

o FHIGANAN A=E
=]

[e]

H

o
37

]
o 877

A 5HA]

=

]

=

Summers et al., 1989).
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A

al., 2002). GAC

ki3

¥

o
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i

GAC
=

°ol-&

=

=

o M| 2 (backwashing)

o GACY A

A3t A A = (biomass) e A&

Fo] GAC ¢ A (media)

=
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S

S5t €

71 9l

X713k Al w0

il
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A
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[S]

o
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7

gelop) A

(BAC) &
NAAES EHHeR A

ur
h

A A A AYAL-EECH(Ghosh et al.,, 1999)..
A
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[e)

=
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A
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(biofilm) 2. & 43 74o] 7}&3FtH(Scholz and Martin, 1997; Takeuchi et al., 1997).
olgA AdH T APH= G AETS GAC %4 2 AT FFE /F71&E
4, ed=4d, rug AE 2 MAEES Al 7Fer A FE AAT
9l tH(Dussert and Van Stone, 1994; Zhang and Huck, 1996). GAC o Ajo| A&l o
e AESHA g doE AgsAY o ABgQl AT A AFEo
7hsst7] wiitel aE &S FEAY VHerk: o] Jhedtth
T3 BAC 342 s8td As3Ad A ofEste A A
whal g R st Aol 58] GAC AAAlel F2E Fr]Ede nAESA A&
o]
3

Aoz Qs TAE= GAC Mg 45 FaA7la, &

I
I

Hs0)
Al AZE T (Takeuchi et al.; 1997; Ghosh et al.,, 1999; Sakoda et al., 1996). BAC &
Aox e §E/F7IZ4 Ut =2 AALERE d8 BAC AgldE @2 d48

1~>

o

TS e} 554 Ee Aol Ao, u-g A u Y E(dE o) Al
dao] ojE g AAHAH o2 FFALE FEE FAT 5 AH(Scholz and Martin,

1997; Dussert and Van stone, 1994).

2.31 BAC &% 74

AETde ‘otz ol vgFAoR A7 ol F(porous tangled mass of
slimematrix)” 2 7]< 3L 1 tH(Weber et al,, 1978): Fig. 22014 B nlel Zo]
A= GACO FHdl WAZe] Rl AW f71s STHAA 4o A=
nAE AEXEZ FAFAA AtH(Ghosh et al, 1999). A Edeo] &A= dh g
ofe} FFo] AEE ME F3EEE(extracellular polymeric substances)S &+
Hlgto] ZAgtelo]l glom W3 dgolglg fAdte dHE Fx2E FATH
(Branda et al., 2005; Lazarova and Manem, 1995). A|3% ¥}¢] =& tg&F
4, ik, AdE FAEA lom, e A0 A3 R HdA A=
= A AY 54 AEY FAEEEY AR 45 F Ut Goodwin and
Forster, 1985, Horan and Eccles, 1986).

Aol 74 ARe gt oz F A 49 FHORE ot o] 4

o
YAl 7, F ZjZ:%%‘ﬁ), -3 (F 71 e 4, TOC), 8heh4 4ba



L7 FCOD) A= dxd 5 Atk A= FAs fFAdA FEHow ¢
Edo gb/agolv wpEAg e gxAl Edols 5SS AAdtH(de
Beer et al., 1994). A=vo] A3t < A=Y FA F7h= SA
R o 2w, o Sz = d o] kP T(SAF e HRE)7E Al AEE 7
2 Yehdth(Bryers and Characklis, 1981). & AXxZS%& AEuo] njAy

L ol o8 AU, o] FAE EA40] e A b
7129 FAR 3 SAHAPor HAA AAF B dSAA
Manem, 1995). Al A Heo] A 50%E At TOCE 4olde AZ2 A
AFsE S84 T A9 &S A2 FFet= F=(photometric) =78
Holh, 4tst 7hsdt AEY EAS SAs= CODve A" AAFS FAs) =

c

PHoE w2 A Uele £ udE AHSHENE LdFolHdBryers and

J

o

Fig. 2.2 Scanning electron microscopy of biologically active carbon bed.
(Lawrence and Tong, 2005)
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Aesael 7L SAAA A FAAEC, AEY dd iR, A,
peptidoglycane, A& 3 77, ALdH)S FHFo2A Hrp AAGA 29 +
2AtH(Lazarova and Manem, 1995). o]2]3t FAQAELS A& w4 Aeiuy

H =

AZAQ A5 wep 2 AT FE27F

HegolE S50 RGY AEHdA AR dids QA rh(Atlas, 1982). &
e g B A H(colourimetric) A1 @A Aol WEE UERTh
(Atlas, 1982). 3, AEwe] Axz vhgglolo] AAFs FHsts o] d4dd W
Ho g 37FA] uhd| o} A4 #(peptidoglycane, A1 AT F 2 A AR

XE]
Asl= ol AAIFHRATE o] 3 7HA] FAAAES AETo A =9 uhg g oo
AlZE(strain)o| v A& & Aejol #AGlol-AAA A FEF}(Lazarova and
Manem, 1995).

wo] SHE

DO
w
o
os
>
@)
o
d

et al, 1999; Manem, 1988)" S5 A&2 3 sl 7jde] HAYS Alstelr] <3 dhe g
of ME o FHIE S WAL= Flo]
g GAC Wl F2d Aeehe] wHols FaolA Ffrdhs Y e oSl

)
Hlal F3 84230 wstel] et dF (2=, pH, Y¥EE =, AU =4,

o
(€}
=]
)
]
04}
o
(o]
ko]
Q
=)
o,
@
@]
2}
=
[}
=
=
Qo
=
—
Qo
O
—_

A

BAC A=499 @45 H7istr] 913 Wi Bhejgole] 54884 S4ou
AR Fo] EFNES Sk Asetd dFor ¥ th(Lazarova and
Manem, 1995). &g, A A<l AAZFS FAst= A B9k ofye; dw g 2
S AETE P MAdE @45 ARE AT, oAe LdEEY 22

23 Q@ 4oltf(Wang wt al, 1995; Lazarovaet al,
1994). AEdo) A A)F == ATP(adenosine triphosphate)®] %& = E HHg| g o}

—~
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o AE(d, BT 4FE, 712 AAE, THFo ] AYA FH) AxE Y
el th(Atlas, 1982; Nouvion et al., 1987). 53], ATP= &4o] Jd= AETL AX
2 o] AXxEe A4 AFAEY 18 FBd S 7P (Atlas, 1982; Jorgensesn
et al., 1992). INT-dehydrogenased} E# &= ATP AEE ATPH 44 ol &8
21393 AAA S 7Rt (Atlas, 1982; Jorgensesn et al, 1992). 9 t}E A7z
52 e FAHEE Hrslr] 9 dehydrogenase #A1WES ARE3sEth
(Bihan, 2000; Bihan and Lessard, 1998; Zho and Li, 1995, Zinbei and Henrietle,
1994). BAC Ag]Frell A o] &E414(D0) WMsh= BACH F-2te AEvhe] 4=
W 3lE ov] gt} (Andreottola et al, 2002; Scholz and Martin, 1997). 4 &2 HHg
ool RN fSA YR FRFE Z4Y £ AET v o}
Aago WEsle AR WM (Jeffery and Paul, 1988; Lazarova and
Manem, 1995).

BACol A utelgjotot AT E 4o oA Wst wk A= 48 U
Bl = dube)l A Fo] tH(Scholz and Martin, 1997; Sibelle et al.,, 1998). BAC 9]
FZEo A AH-HFA9 PABEE(free swimming, ciliated protozoa)¥ & %F 5 (rotifer) 2]

o AAFE GAC EUelh WFel Yk shEejofol ofd fv)wka A9

58

Z Q3% A F otk (Madoni et al., 2001; Scholz and Martin, 1998). 5¢/ BODZ W%
He AET AESY S4%- BAC He 5 dAFEL] /MNAF7E &

W g E=A vEu, mebA 2824 Q f71E AlAE BAC e F5ol e e
ool MAF7E A& wf ey, o]z BACZEwutHjgotE 3 H . TE

A tH(Scholz and Martin;-1997). BAC F94 52 pH, £&44, dAFEH
TRE WEAA drH Potet AT EY ntE A HlE 2P oR HAstE e
u A4S wE 4 dth(Seredynska-Sobecka et al., 2006; Scholz and Martin,

_17_



2.3.3 BAC AET A2 714 A|A

BACHIA M85 GAC oAl B4e ¥9d JYBAL T3¢ + 9t @
e zAgskel Odd MAREe 4FY F

3ol A H= upel o] thgidelr] el g
GAC= oFgh Fdsts gv & ww4s 7HA7] wZol Fig. 24014 Hi= #pet
ol FFA EEF7EA Y #Zo] FHE He S9dEH dis) =94 532
o] 7Fs3&tH(Scholz and Martin, 1997). & &4, 1g9 GACE A< 600-1000
m® ©]4e] v F WAL 7}A Tt Agriculture and Agri-Food Canada, 2006). Z1th7}
Fig. 249 Yebd ZAAHH GACE FdTFol &8 dA4 =45 A= =
ko] A7 & 5 ok o2 g G GAC F &l o5 FHeA THEHE
3 JUYEAE A MAEELS GAC ¥H THS I, F33] A

Intemal surface

External surface

Submicropores
Micropores

Mesopores

Macropores

Internal surface

Porous structure(schmatically)

Fig. 2.3 Schematic of activated carbon (Henning and Schafer, 1993)
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Contaminants ool lect
at tha surface
“Adsorption”

vavarawow W
*o%eteleloisloleolelotole!:

into pores

Contaminants diffusa

X K )
SRR
s a%0%0%¢% e e e’
SSARAONSE
0500006 %% %"

“Entrapment”

Fig 2.4 Granular activated carbon surface adsorption and pore entrapment

(Scholz and Martin, 1997)
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fol 5| GACZE ©]-&st= dlel
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~X
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3+l (Branda et al.,, 2005).
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ol
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[

oF
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ko)
ok

ol

ToR

ol
il
XY

o
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E
)]
ol

B8R

el

F 9ol

I

o] GAC 9=

Hoh(Stewart, 2003). whebA 7H2)

&t

3

o7 HeHA

]
ZS|

o
=

o]

3]

KN
L.

el

ols} o

., 1988).

1 TH(Sontheimer et al

344 €

A

3|

A o] &

ol
ol

KN
L.

7

o
o

el

o2 o]FojxtHde Beer

2] A
ZS|

d

o

o

o=
a1

et al., 1994, 1997).

A5 e 27H

tol GACe]

5|

&t

7

o

o

el

71t} (Liang et al., 2007).
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nAE AETHY AE FFEES AE AFole FXH(interstitial voids) 2 7N
H F=Z(open channeDdll 93l &= A+ e F2E FA K (Stoodley et
al., 1999). °ol&1& v T HAEEo] Eo] Az
Agdte] F2&5 F3 GAC xW 7Festth(Drury et al, 1993; de
Beer and Stoodley, 1995). #ok =5 Exjsl= e dEda 2e 7)de A7|7}
TolY T2 Hu YR & Aee dded wEE FEA B dAHer v
31 Al ©th(de Beer et al., 1994; Weber, 2002).

71EA oy SdEHEL GAC 93 9 W FUHS

of dojup, tgow AEILS Fdete A /AT il
GAC F34d S2+H, GAC°ﬂ *—ZHO}E o3t FAMELS A= x3}
Aol th(Dussert and Van Stone, 1994). >

——l =]
AEdE5S Talstd AAGH, ot #HS “AE8HH #3) (biodegradation)”

kv

N
=)
M
=2
e
e
— o2
o2
il
i)
:Ll

of o

rlo

ﬂ%gmﬂiﬂ%

3 5
(macropore) ¥} 22 &gk vl F Fol F2HI, AET Fo| H o HE
1 AESHA 37t X Al®E Uk (Scholz and Martin, 1997). W s == A3
4 $EHHEDOC) BAS@ IO L ABA BA)e ARl A 45 v
A=Eol oaA ksl el H A 7] Wl GACSY HAl7|Eo = gits o] 1
A71F ¢t gl FEE W o AL 22 ZF i@ AS = A= S 93
M Ay 28] ®oh(Klimenko et al., 2002b; Billen et al., 1992). Wk}, GAC u}Z2
Z 3We 7dErrt dAY e fFAEEe] o] Anw FEdow i
EAES SEAAE Q3] GAC ¢tF9 Agoziy ©@ityo AEuEon 3
ArEH, ol g RalEdES A=A o HA($HEs]) A= 8 ¥ vk (Shvetsov
and Morozova, 1998; Sontheimer et al., 1988). A& F &9 E o] IS I

A AES FHstEA FEFor AL o] Folxa, AoA T=sad
EE HAo] HEoldnh AuA MEdE FAEEE GAC WA AR &
AEAE o]de FRAEH Y3 LT Fo] AT FHRETH(Aktas and
Cecen, 2007; Klimenko et al.,, 2002a).

olgA FHE =HE] Aeidle ZATY AETHA A¥EAE FA 9
T FHE 2-5d Ae ARANA A deds HAs & ¢ dn



(Scholz and Martin, 1997, Takeuchi et al., 1997, Ghosh et al., 1999; Sakoda et

, 1996). 53], A=92 &4 F71=52(DOM), 537Hs3e 7754 (A0C),
7]&2‘%7‘%(0}53}{], PCBs, Almkzl), F71Ed (Yol 5), A55FAHE A2
4 9 FHRVIZEZA(TOX)H 2 FFdd EAete SHdE4E5S =8 & =+
9l o (Dussert and Van Stone, 1994; Takeuchi et al., 1997; Ghosh et al., 1999;
Scholz and Martin, 1997; Okabe et al., 2002), %9 hAMIET &850 wut
I} JAEAE st f7IEES AEES & & Aok 53], Cyanotoxin® #
S GxHF 5429 geosmind 2-MIB 722 /Wil A3 ZHFH FAEAS
AE B & 4+ Jduuz BuE A (Meyer et al, 2005 Brown and Lauderdale,
2006; Namkung and Rittmann, 1987).©oj¢} 22 ZHE2 BAC 34 dddd 2
ZE(pre-ozonation, #ALE) TS HEdozEZHN AATS FUzd 4+ Ay
(Westerhoff et al., 2005).

BAC 3AdA ALE AHEl= BAC A= A=34 E4 & TxA 7= st
o] oz GAC AA AREASHS SI7FAIZIE(Kim et al, 1997b; Dessert and
Van Stone., 1994; Vander' Hoek et al., 1999). & & A= AEGHo=z Fit
g fFrledeldt cdEdES AERE Zted U= dE FEAIH(Van
der Hoek et 'al, 1999; Nishijima et al., [1997b). &3], L&A= H71=229 &
¥ AAngE #o) A (Takeuchi et al, 1997) A= 3] 753 DOC AOC
e A frEdR "A3A7)7] widd AESA o Wi frlEH
gk GAC® Ffol o g F & S0 EH(Scholzrand: Martin, 1997). %3k, 9. &
Age g HAdT(ZHdESZE LS, AotHol F)s B4 A FHHe
2 38t AmaE AlFsth BAC A A& AAE o] DOCE Al
Aste WAL olgHow3 "dAR RHEW, oY dAE 54S Fig. 259
E}LH“D}.(Dussert and van stone, 1994). A, B ¥ C #7& Z+7 9% &2

(e
2
>
-
)
rlo
ox
i
=
tlo

o
ox
ol

38k whe Elolrt -8 (acclimation)3l= TAIZ
2 2-37Y A% 22, o] Al7]dl= GAC AAlA DOC AA P &
22 FEel oA deojdtt of @AM 40~90% A= DOC A&
Bl th(kim et al, 1994). FFolA AAEE= F DOCS 10~20%+= GACH HF

4 DOCE o At (Dussert and Van Stonel 1994). Alth7} A5 52t E 3t F 4
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Z1Z2A(TOX) AFEHdE2 o @A 75~90%2] AAES UYElE Ao=
B 1% H(Dussert and Van Stone, 1994). B F-7tol A B v} o] ahg g o}

7F =& EH o gl wmel &2l 93 DOC AAE GACe T2 Eo] DOCE 3t
Hojzto g HaH oz Fisol #AAHAR DOC e BEES 5ol F473
S7ret). welA B el A e 2 *é%oﬂ*i DOC?| &z A7t FA o
oA A& & 4 Uk C F3tellA DOC AAEL Aoz Added =
gakar, olwf GACS F3s B 27597 wid MEIH B}

=
DOC A7 ¢ F8 A7 wW7AYFolH(Dussert and Van Stone, 1994; Woo et al
1997), DOC A|AE&L 15~45% AHXEoltH(Servais et al, 1994; Push et, al, 2005;
Scholz and Martin, 1997; Babi et,-al,-2007).- ¥+ THMs2} HAAs A A& 20
~70% HAE X% JkXie and Zhou, 2002; Holzaski-et, al 1995; Dussert and
Van Stone, 1994).

1.0 I
0.9 1 Ramoval by adsorpiion L —

fluent/DOC influent
o O o920 o
4= Ch-h = &

a
t et
(SR

0.1 4 Iﬂmumthht:tbn
1 2 3 4 5 B T 8 9 10
Operation time {months)

Fig. 2.5 Theoretical representation of ozonated DOC removal by adsorption

and biological degradation over time.

B, A=A Zee 3 fddk aF 2dwd AAA Vests £ UE
BAC AIA #AUFE Azl A4 =2 F25] A= 54=d4& BAC A



o] ofe} & AX WYl oA dojur, ol B dwtHow 2 &

Az doju= =d 23 = 1do]l Au: SREHA @

1994). &23d =dE52 AEHS TostuA &4
et al, 2002b). =3 BAC A=9e tAH4-ES F3to] GACE 1A

Z QA= 98-S - (Jahngir, 1994).
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2.3.4 BAC BE9 A47F< Al

A ged A BAC 45 A&l dolA Fa3 A= GAC YA FelA F-2
g4 mAER olFoxl A= A Aojolth. GACY & JUd=HE
s AR g Ao WS FHFAY Rolgtew Qlete] FAR AEvrel A

o (scholz and Martib, 1997). AE&4o] A2

A 4= (critical leve)7FA] A &9 S 9] F7hel g7 F7Fehth(La motta, 1976).
of WAl A AEute] FAE “&A F7 S (active thickness)"& ZatH, &4 F
AT QoA Bewto o] JEF=da Arhe] ik AFE L oloute} v &
A AEdy g4 AEuworm prRPT(Lazarova and Manem, 1995). w2 3}
d& AHeA AT = vk (Scholz
and Martin, 1997). BAC] A& gorale] AlEge] g Sl Fa
gtttk AlojE A %2 BAC ﬂﬁl% Hrd mAE AAFEEEY) SR A8
GAC &4 ¥4 49&FS HAH, filE BAFES], A48 degorst
fungd)®l F71E A& + g+ 5= ANETZE GAC FHAE 534 o 573
g ste AstE fEelH, o A(media)® FEds 4o
Bihan and Lessard, 1998; Scholz and Martin, 1997). = 23} 7|2/ A& 9] =3}
ol TG « gled o fFEF 9EY AT AsS S vede, o3
ojub= &k DO pH7F stotd 4 Qlth ole s ddS T3l &9 i,
o mAEe] fEHW Fxr= ARAEC] B e dEAd Ad
227} A tH(Keinanen ét-al,, 2004; Scholz and Martin, 1998). GACel A
olF 7heAeol A= HWAA MAES = 7FsA Wil BAC o 39
el ol 9 7B mAdES 22438 7]7] fE A5S sk slo] dwhby
(Dussert and Van Stone, 1994).
2 S Aol AE stue] e A IHoE FYEHE 999
ZH3slE Aol (Wang eet al,, 1996; Nishikima et al.,, 1992), &3] <7
S AL Al slo] AOCe] o] AgIAE A AX L YrH(Van
der Kooji et al, 1982). X3 GAC oAl MAP(microbially available
phosphorus)E& H7Fgo=x e oty P 2L 4 vAAEY ¢S FIHA
Z 4= 9 th(Nishijima et al., 1997b; Lehtola et al., 2002). ut&}A BiZ F712 9 &
o & % WEAMLTE HAEAE 4§, AOC 2 MAPeF 7ol eEAgd 9
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0,
ults
il
i}
o
=2
o
ki
rlo
off
k1
fr
os)
2
&

f
o
=
Ho
o
i)
B
%0,
N
2
Sl
=
o
il

i}
=

C 5
o #B& Folob @ Wart Ak EW ol WHE FUFe JFY FEo} o
& 5ol AR MgE g 4ag W) A F98 fFE 2
oF Wtk BHAFAMEBCDY A 94 FFde F9 Fahsh waol Yo,
% Fad AR} YEel FHE 71714 el W ASANE 24T >

JTHWu and Xie, 2005; Lin et al., 2001; Dussert and Van Stone, 1994).

Ao F2 Wt A BEelA e mAE A% FFE = 7Hsdel 9
A gk 1o ok s A AdeE gle AAHotH(Brown and Lauderadale, 2006;
Moll and Summers, 1999; Moll et-al.,~1999). 2% Oﬂ—?%oﬂ A EER vEE F
o] 9Colstz SolAW HAE % R PE2FHoR Eifrted =29
AA gof7b EAgetaL W sk vk shA| N O]Q‘r W= = ouE dtA
ol de EWSE Q& F vAE 4 F AOC/DOC6~10TCAFe]) (Koffskey
and Lykins, 1999) & AOC/TOC(5~30CAFe])(Carlson et al, 1994) &< 71%
AARS o] GFe TA = Eothe AH S B 52 th(Fonseca et al,, 2001).

A welgol, o7, dAFEY AFES A7) A E & UHoR=
BAC o384 #9452 DO® pHE x4dsk= Zolth. DO7F oW BAC oA
Ago] E=Aeta e dAFTE L 572 Aol S HM(Scholz and Martin,
1998), Aol o] AAE=} EFF7F SAGE sl A2 E& v
glo} |9} @ o] gliL,oli="F COD Al 7A&0] &5+ & &} (Madoni et al,
2001; Scholz and Martin, 1997)~53F pH7} %< 74<F BACO =A% AMAA
e g obe] s Alolsted =gl HH, AT E-vtH go-dR{ He] v
g Y E FASE HelE HA =&o] Erth(Seredyn’ ska-Sobecka et al,
2006; Scholz and Martin, 1997, 1998).

Agure] S Alotstr] f13 Al WA ¥ eR BAC oA#A ] AAHE 5
T AoHFAl = FA). 3o WFEe JAHE Ao, AHAMAHE D A EHA]
AAHTA, GAH AEHAZE Fo] o, M Ho] MAs = st JAFE AL
He oad fFEFE %E% Eal BAC o3 xo] utgzow {Ff¥nt. o 3}A

= frEstEe] FHouA B Hed, o] W {71/%717
A A AYZFA E W (Comstock et al., 2002), o] 2
e o] AH-E Sal mAaugors sdAow A

N

op

O

—

X,
0
)
2
2
u}
)
4l
N,
il
rlo
ru&z n°*'
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=PE

s

A, weka ol

S AAS + Jom(Brown et al,

A =

3 5]

Ho

i

} 2 9H(Kim and Logan, 2000; Dusser and

5|

X

el
i
il

A= =

3]

Holl 7}

]2 94 tH(Scholz and Martin, 1997).

Van Stone, 1994), ¥dor& o g ALuro AxzAdeo s GAC

T 2]

)

el A BAC o 3%

BAC

1=}
=

el urelg

3
=

, BAC

Al

=)

A

[

e Ao

i

F BAC AE79 AAZELS o WolA A ¥ (Dusset

5
pud

Hl 3 2 dE Ao o
and Van Stone, 1994), &

ol

ar

ol
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s
o

ol

14 steiso] me(eaAtel AoAm, daa7 AAR).
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HAA H71% @

ok
2l
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=
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235 AEE 9%
Biofilteroll A geosmin® 2-MIB¢] A|A =8tz A Ao

o
3l &<l & 4 Atk Monod 7Hg 24, 71E o] &&2 A (21D)o=E

o
=
dehd 5 9o

iC_ kXC
A KO (1)
where,
C = substrate(2-MIB and Geosmin) concentration
X = biomass concentration
K = half saturation constant

k = maximum specific rate of substrate utilization

Geosmin¥} 2-MIB¢ HE+ ng/LE YA W&o Hix3iaa K& CERUY 9%

Aty A 5 Y A 222 AY & 5 A
dC . (k

(2-2)

where, k'= pseudo “first-order rate constant

ATk7h, A48 ol A geosmind 2-MIBe} Y2 FEv A =
t}. BDOC+ 1xF 7] & e]i geosmin¥ 2-MIBE&

=

Aok v g ol g4e 2 (23)2 AHY & 5 drt
dC'Q_ YoXC C; .3
.~ VUK 4G (2-3)

where,
"Cy" = primary substrate, BDOC

"Cy" = secondary substrate, geosmin and 2-MIB

_27_



geosmin¥ 2-MIB X+ BDOCY F=7F =7}stH 1 o] &&
a=Egd 4 (24)¢ BDOC sk, C& 4 (5o 2 7HeFs/

1y
2 57 & Aot
A & 9}
4G,
— ” 2.4
where, ko'’ (252 AoJH}
(2-5)
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24 BAC ¥R |

(1) =489 o

)|
—_

7
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o)/

Aol .

2 AaEo] Yehs

7%1

=
=

71

a4

1t A}

S
T

]

A

A e ell A

bol, ol

S E}t (Leisinger et al., 1981).

9

=]

RLN

a7

9

(metabolic enzyme)ell <]

i

_Eﬂ

ol

g

pzel

A
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]
A1)
o
N
s
Nlo
A
A
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ol
of

e

A

o

yu

93z veldrh Kim'et al. (1997)

Zkstol @

o

(hydrophilicity) ©]

o
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=
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gl

Rl

FSich. 22y DiGiano®t Harrington
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ol
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_Eﬂ
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A
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X
o

A

}

9
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o

R

THM A7

)
=

TN E LEAHE 7 TOC

stal 9tk (Kim et al,

Aty B

ES
el

Nr

il

3

A

1

= vholA i

9

9
Tl

19

%
Rl

g, eEA el
LEAY o

A 7 = o]
- 29 —

ol A

al

78

I

Z2A 71t} (DeWaters and DiGiano, 1990).

9

1997; Walker and Weatherley, 1998).
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(LeChevallier et al., 1992; Harward and Croll, 1993; Hacker et al., 1994), A& <]
= FUF A2 EA wgl BOM Al A &= 2po]S Holx|wk A&y ¥
S AAW BOMe 2= ®2 Wslrt vephdoh

(2) Al (media)2] 3 &
Azojat AN AAe] AL 2.

T3 Q4o AEAY FHNA GACS o] 7FA0e] mrlelmA F2Hs ol
= oA anthracitett E#h¢ 2 7} ol
A& AR&3ste] BOM AlAe] oigh A2l Aq-5o] X3
et al., 1992; Krasner et al., 1993; Wanget-al.,.1995). &1
gE 500 A o] AdMEe HAEY A =2 3
Al g A= Bt gotEol A8 AAskA] = Ae® UEET. ol dHH g
obo] #A =7|7F 200 nm o]/dldl Mt GACS mAAE Sl 7]+ 1~100

m BEoA HteElgolEo] GACY AlTUHE S7F AAE F71 §l7] "ol

(Werner, 1982).

2et GACS A WElgote] F-Fo| o]8=E T S HEW A (specific
surface area)2 W9 S A$, GACZF B ET} BlEH Aol =vh T3 GAC
o] AAF nEA 23 B2 dhE gole] Mo A3k 3
AM Aoy F&F 7t et T7FE A e (shear stress)o = H-F
e g ote] gElE WA T A FH A @A 2D AT 5 DYy e v
B9 AAge HE AA-HAYE BAFE T 4-8% HEZZ d#HAH Jow
(Servais et al., 1991), th& oAl <} vl sto] GACAA = WA= AA G &4 &
o] ZA 7] wWEel EAE BAF 35S FAZE Yol o] Folxlth

AT F1=e AAA BESH et =2 FE A

2 o

I

iz

gAe F2 $H3E vAEFOEE Pseudomonas, Alcaligenes, Bacillus,

Acinetobactor, Aeromonas, Chromobacterium%: 5°] Y& ACZ Huy 1 Yot
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(Stewart et al., 1990; ¥ % 2001).
g eho] AETA A A(bioregeneration)> WA= FddiLol 2 F A AT
dol] Z3tHEo =

1= 3
A A Fel i RaE, o Av)

\R=
2 57

=

71

A ol3te] nA AT FHA Fikx 2ty 71 -y wrgete 74 fUlEES
sl @At $FFHEES AT 982 b (Nayar and Sylvester,

1979; Ridgway and Olsan, 1981; Chang and Rittmann, 1987). W3k 7] th Al &0l

$ag Mg 3o EAeh: £7189 RAgeny £3 4718 FE:
g4 Nrel 712 FE wrh RolAAl Ak wepd mAAFe FAH0 9
9 §718e gaso] Mol ols) Hajz olFolAr) ol Lo e =
g oE AE s AT AdAs B 4 g Asdde F4we] 7A
e

LeChevallier et al. (1992)2 A=z FAAA o A= BAC/Ee ¢}t anthracite/
2 E AH83ke EBCT 75%, < 35C, 7959 AOC & 780 ug/Lel =7
oA ofafe] Hole wE AOCS A|AES FAFSE T anthracite/% 2ol 49 3
T AALo] 76%, BAC/RH S B$= 86%= LEIF BOMS A A= BAC7}

Ho g Bl Coffey et al. (1995)8 15U E<k AEoJ1 FA 9

S TEARE Aol oA Aok HAE S &l WAl FEFE ASH

AL ANstG S Aloll anthracite/= 2@ Bt} BAC/ZHES oA =

g ALl A A BOM - AlA &l hal] wE 3 8&S et B

sttt =3k Maloney et al--(1984)% anthracite/™ 2}t GAC/RH S o A= A&

gtel TOC AAES B7be AFolA &9 TOC =7t 2o]& Holes AL
e Zall7 obd GACS F& 5ol 7]ofste] ved Axtz grhsint

Krasner et al. (1993)& anthracite/® @9 GAC/E S =R 3 pilot plant& A
Boly} Adg ol &3ste AEIHOoR aldehyde AAE ATF3stArh. o A
GAC/E#HE A= AFEE biofilterell A aldehyde A A&o] =A yephgon, o

A Aol AFA s FUolt biofilter &4 FTwAlol WA o] anthracite/® S o
A2 A3 biofilter Bt} 73k Ao 2 yElyttl, T3k aldehyded FTolA = vl
A Adssol W glyoxal®l AAAAME GAC/EHE A= AFEE A57t
anthracite/ =2 Bt} glyoxal® AAo 83 RoZ FAE QAT &3 Prévost
et al. (1995)2 anthracite/® 2 ¢} F2so] 2¥E GAC/E#H A&} AYS o]

k.,
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23 AP F&o] 10CY¥ @ formaldehyded AAES Hvluwd A}
anthracite/ =2 A&7 HA9 AAE] 50% A= e v GAC/E
A7 Ao A e 80% ©]/de AAES et SRS A2 A& 4

G7F 2= Wstel tig WAl ¥ F3 AS BT

(3) HZAl7H(contact time)2] 3 &

BOM A7 E A& AEAd FAAA JFAH T oA teixes B2 A
A7 Rt (DeWaters and Digiano, 1990; Huck et al., 1994; Wang and
Summers, 1996; Zhang and Huck, 1996). H&A7+& &3] EBCTZ Z A,
EBCT= 43 dAle] F23 Az 283kt),

dulkd o7 EBCTE 2(26) T 2273 7ol ekl 49t}

EBET =~ % (2-6)
/8 L
% _M — Bed 2_7
EBCT QA approach velocity (2-7)
A7NAM, V= JEZANA A FNEH, Q= S22 7%, Lpea = A5 240,

AA HFANS EBCTO Ao w589 w3 2, Az o 3582
°F 04~05 AEolth EBCTE 484l 433 9&s mig. @499 F2x
oA FEFTAS dodd Foixl oAl EAdE A 2 o] (critical depth)€} 1
of W&skh= Ha EBCTE ZIefof etk EBCT7F S7bshdl fHEHxd S31d &
A Ere (bed life)¥} &2 7] 7t(service time)o] ZAoj&d Aol FAE o] &&
(carbon usage rate)< =05 Aot} o & EW, Fig. 26 (a)& Zold U] A3
How F7hetAl= FAINE Zlol7h Frhshel wep Zee] 7| ke]u o] §AIZE

2> T7hE Aelth o]
depth-service time curve)olgt ¥2m 18] el A%
=d o] &3} Fig. 26 (b)& Zely EBCT7F 571l wel I3 g g ol
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Fig. 2.6 Bed depth-service time and percent exhaustion at breakthrough

versus depth.
Zhang and Huck (1996)= HZAI3t

o
=
AAES FIAATD HArh T, e ATHE
el

(hydraulic loading)©= o131 EBCTOlA &34 o=
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83 Axolw, BOM A= FHdtd Fotoles syAolgta Busiit
(Sontheimer and Hubele, 1987; Carlson and Amy, 1995, Wang and Summers,
1996).

LeChevallier et al. (1992)2 05~1.0 mg Oymg TOCE A +dFES &3k

T GAC /E# oo A TOCSH AOC AI71&5 EBCTE $5= H7hetnt. o7
A e]E5e TOC AAZLEL EBCT 5ol 29%, 1004 = 33%, 204041
51%= ZF7hstgen, =3 Fdg EBCT WHHdlA AOC AAZEE F7He Ao
2 Hist o Sontheimer and Hubele (1987)2 mAE €4 GAC o 3A ol A
AFATEe] 5~202 22 F7HEe] wel DOC A AZLEo] 27~41 %= 7tk A
o2 B3k Merlet et al. (192X E AW & AE4 &4 GAC
ol ks Aol M EBCTE 25274 S 7FA13 = # BDOC AA R & F7stthrt
gt FAHE Zem 316‘}9}@. dukzl o2 AOCE A3l 7Hsd TOC
ot ol FE55 A AAEE A4S Holi=d|, Prévost et-al. (1992)2 A E3H4
A o HFH o2 AOCE 624 92<y77}7<l AASF=H 220 HFAIZolH SEe
BDOCE 90%#AlAst=tlE 10~20:£¢]  EBCT7F AQ8®Ety | B st
LeChevallier| et al. (1992)8] AFA¥}NAE FEs TOCH AAE A= 1
5~20%¢ EBCT7F B asdith AOC Al71dl glejA= o e EBCT W= Y
T Ava ®askt

¢

—

pe

m&‘ﬂhlruz

(4) 9 M A (backwashing)e}. <
AE3AQ AEY FAH} WS Al A7 FoF oA ] AP E 2]
A A (biomass)S 243 &

AEo]l SHs7= ARt A Frled e FdEol oS Wl %&%D}. ot

et al., 1988; Chipps et al.,, 1995; Prévost et al., 1995). T3l <A —roﬂ A=
AL fri £ BOM| AlA &Y WA=l A el v

g vk aela, dRe AEAHRA A EHAFFE SIS 9 T
kel AU m A& BAs ] flste] oA om IRV EAEte o

MFE AFE3H71 = Y (Urfer et al., 1997).
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Ahmad and Amirtharajah (1995)= Ad42 R AEAHZE o] &3l YA}
=9 FE gyld s AT 159 Aol drElElele] HPC
(heterotrophic plate count)t} A3 2] ATP(adenosine triphosphate)E #413lo] o
MA] 1 ABE 2} (biological particle) 2.t F 7] AF(nonbiological particle)S ¢ &
g7t AR Fo] dojyp, FUIYAE AAE s JAH HHxHoRE A4
& st = v AE YAH(biofilm) o] g« #HEsHA dojuA] eFevhar Btk
t}. Ahmad et al. (1994) collapse pulsing ZAC2E IAH S 3= AOC A A
g9 Ay #AFE F v Bt 18y Lu and Huck (1993)% Al2E
uto] EA)8= phospholipid®] F%& F43to] Az o] AAZ vAE &
ZA el =1 collapse pulsing 22 xS & A AA3 AAFe T4
7F dojyktia Boarste] ko] AF ARSI} AbolskA-LbERRETE Prévost et al.

eIy el o4 e

o]24 AEH} FAHNAe] BOM AA&ZEL F29] S5F =olx, o=
185 52 (kinetic) ¥} & A2 (mass transfer)o] AjH oz & oA ©
w2 7] wEolek, SFAIRE o Ale) Fel mef ol J &S FAckth Krasner et

al. (1993)¥} Coffey et al.~(1995)% glyoxal A7 A F4=0] 20~25CY w7} 1
0C~13CY o Hrp AESFR] G&o| HdMEH N By W =dahglon,
olg gt J g GAC/E R} anthracite/E o HAo| Al =LA Yelytia B
it oy g @ BDOCS AAAE fFALSHA WEbwH, ml 8 &0 A =
Hopes o] A=y 34 AAEe] vAE= F3Fo] o Ave dA4AFdE

It} (Servais et al., 1992a; Miltner et al., 1995; Wang et al,, 1995). A5 A=
o] TOC®| Ay&3ld2 Table 2590 e} o] A 3] FFS 27|

£

wiell o vFet, ER TOC7F A &Eallsgdel JoleE=z FA45] 7]
woll A& e Avkal I o
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Table 2.5 Experience with biological processes in drinking water treatment
for organic carbon removal (Bouwer and Crowe, 1988)

Process Location Influent Reduction
Concentration (pseudo-steady state)
Aerated Biolgical filter Annet sur Marne, 3.2 mgTOC/L 38%
Full scale(upper France
layer of GAC)
Fluidized bed
Pilot scale Medmenham, 3.7 mgTOC/L 5.4%
Great Britain
Pilot scale Medmenham, 28 mgBODs/L* 29%
Great Britain
Pilot scale Colwick, 10 mgTOC/L 10%
Great Britain
Rapid sand filtration
Full scale Mulheim, Germany 29 mgDOC/L 10%
Full scale The Netherlands 23-500 #gAOC/L 3-84%
Slow sand filtration
Full scale The Netherlands NR A3.1 mgTOC/L
Full scale Bremen, Germany NR A0.7 mgTOC/L
Full scale France NR < 40%
Microbially active GAC
Full scale Mulheim, Germany 1.8-2.6 mgDOC/L 75%
Pilot scale Choisy-le-Roi, France 2-4 mgTOC/L 30%
Full scale Jefferson Parish, La. NR 30-50%
Full scale Bremen, Germany

Full scale (advanced
wastewater
treatment for
groundwater
recharge)

Soil-aquifer treatment

Full scale

Full scale

Full scale (bank
filtration)

Full scale (dune
infiltration)

Full scale (dune
infiltration)

Orange. Country, Calif.

Garonne River, France
Darlsruhe, Germany
Rhine River, Germany

Castricum, the
Netherlands
Amsterdam, the
Netherlands

3.6-5 mgDOC/L

25 mgDOC/L

23-29 mgTOC/L
25-45 mgDOC/L
57 mgDOC/L
13-17 pg EOCI/L”

19 ug/L Yoranic

nitrogen compounds

A1-1.7 mgDOC/L”

20%

60-70%
40-65%"
75%
84-87%

92-94%

NR = not reported.

* BODs = 5-day biological oxygen demand.
** Employed preozonation.
*** BOCI = extractable organic chlorine.
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m. As =2 =

O~
i)

3.1 4¥8As

311 il A%

e daA" T4l wAlE 1= EE pilot-plant®] FE AT
o] sigma-aldrichA} 9] standard® geosmin® 2-MIBE 38t - Ydu&= 279
geosmin®} 2-MIBY ¥ %7} 100 ng/L7F %2 3tk $o0& AY+E 44
2 AN ol AA ATFS BAC A4HA A2 sUs A eV S8l

&
1o

=
H3o AlgH $oE -AHHYFTY 5SS Table 19 YA /¢
TR S£e2xzd AX(Buchi, Recirculating chiller B=740, Swiss)E ©]-&3}9]
=

dao] A E skl

Table 3.1 Characteristics of post O3 treated waters

pH Turbidity DOC BDOC

) (NTU) (mg/L) (mg/L)
Post Oj treated water S~ 7-/. 0.04~0.05 1.25~1.31 0.22~0.27

3.1.2 BOM cocktail ¥ F719 %48 A

BOM cocktail> Urfer (1998)¢] W& o] 83t A o™, BOM cocktail
AL sigmartill A A Z3 =% 99% ©]49 formaldehyde, glyoxal, formate %
acetateZ Al839th. BOM cocktail Y% =0 wet low, middle @ high BOM
NEFR BRste] Agsdth. Low BOM AEFE F2& A BOM
cocktailS FetA i, geosmin@ 2-MIBWF £¢3 A& 501, middle BOM
Al &= formaldehyde 100 pg/L, glyoxal 30 pg/L, formate 400 pg/L 2 acetate
£ 300 pg/Le T2 FYste $o& A5 BDOC %5 280 ng/L H <
ZFN AT, E=3F high BOM Al 84% formaldehyde 200 ug/L, glyoxal 60 ug/L,

A
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formate 800 pg/L 2 acetateE 600 pg/Lel F=Z FHste] FoE A4
BDOC &%=% 560 pg/L B S7HAZ Alg 5ol

Fr1d A F92 v ol ME AFgA < B o] CosHryOnNjPoZ K
31 (Metcalf, 1991)3aL glo] BrH golr} Al FAELA=R
FE CNPY HEgo] 2151 (w/w/w)Z FHHATH 2 AFox

£ F Jd=EF P o (Urfer, 1998), F719Fdd da9 9o BFS 93
sigmaAboll Al A2 % 995% ©]/d9] sodium nitrate (NaNO3) <} potassium
phosphate (KoHPOy)E A}-8-3}9 T

313 BEEAE L biofilter oA

B g Alg8 AEIFARBAC)ES Y EA (coal) A2 (FE400, Calgon), ©FA}
Al(coconut) A1, Samchully) B HEA(wood) 1% (pica, Picabiol)o]™H,
biofilter oA A& QFE Aol E(8t = FEEALO]E)S AF&stSith B9 BAC 3 <F
BrAgasts 19 300% A &5 2] pilot—plantol A

7 AFESEAE Aol 243 bed volume 108,000 A =olt}, A8 3}

FAEAT. =3 =2 d ) Wasto] pilot plantoﬂfﬂ AHE 24 &3 A4
=) 5

el geosmin¥ 2-MIBell theh F2s %5 A7) 918 whelE] ot
F 33l E 22l sigmail, % 99% ©]|49 sodium azide (NaN3)E o] &3}
o] 3UZF Ao FHEHA FEFAM TS EFAIAIZ T geosmind 2-MIBel| T
# FHsEs AR 23 350l A9 gl Ao®2 UeuthElhadi, 2004).

ol
o
il
X,
o
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32 49X

321 AEEAHE

o] =27} 100
ol 36 mL/minl &

5|

AL geosmin¥ 2-MIB 3] 4

94
ng/Le geosmin®} 2-MIB 3] 4] o

(distributor)® ©] 43}k

g

A

Ho

&

0

0
ol

vl %=

=]
RN

A5

T

27 20 mm<] 1271 F of=

ko3
T

15, 30, 45, 60

T

™
hy

g

0

~X
B

tel EBCT7F 5, 10, 15, 204°] &

mL % F313

K

—
1o

TR
hyl

g

0

~X
B

=
=
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—

Fig. 3.1. Schematic diagram of continuous adsorption column.

3.2.2 Geosmin ¥ 2-MIB<9 #4
3221 EZ23 2 4%

BoAddo] AR H WA FEEAE geosmind 2-MIBO] o] &4

2-MIB$} geosmine ¥ WakoAlte] % 99%, 5% 0.1 mg/mLe FZEATHE
=

)% ALg skt

175!
®

3222 AAHYE R EH=xA

SBSE(MPS2, MultiPurpose Sampler, GERSTEL GmBH) &2 & o] &3 Al &9
AAe =45 Fig. 320 deblginh olw Abgsojx= wwke o (Twister ™,
Gerstel, Germany)+< glass®l 507300 puL2] PDMS(polydimethylsiloxane)”} Z® ¥
of, B2 A& FA T FEFo] dojdrt (Fig 33). A8 AAHE flsto]
WA A5 10 mLE SPME-$ 20 mL vialel g% Zo] 10 mm, 77 3.2 mm<%l
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A (Twister) & 9o 1,200rpmo 2 90% &<k S| dANA HEARE FE3)
ATt FEF Fo uwtgdis FES AAT vy @ 2] dolA —E‘ﬂﬂoi A
= d g3 AT @22 TDS-2 A]¢ &l (Gersterl GmBH)&
o] 280TCelA 3% &<t AASAT @2d YA FdEde GC E%’l?-(injector)
of M %] = CIS4 PTV(Gerstel, Germany)oﬂfﬂ M A o] 23] -120C =

Table 3.2 Characteristics of odorous compounds, geosmin and 2-MIB

CAS-No. OTC .
Compound Structure © Formular M.W. Nomenclature Smelling
(log P) (ng/L)

trans-1,10-
' b
Geosmin 19700-21-1 (1 ) _Collp0 w823 dimethyl- y  Barthy
Musty
°°°°° trans—9-decanol
g ) Earthy
2-MIB 2371428 % GO~ U3 | musy
borneol
camphorous

¥ OTC is the odor threshold concentration
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Prepare Sample 10mL : adjust to pH

\’

Stir Bar Sorption @ 1.5Hr, 1200rpm
(10mm stir bar)

2

Stir Bar Dry

2

Desorption : 280°C, 3min(TDU system)

2

Cooling: ~120°C(CIS 4-PTV)

2

GC/MS injection : 300C

Fig. 3.2 The schematic diagram of SBSE method.

Fig. 3.3 Stir bar (Twister).
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Table 3.3 Analysis

conditions of GC-MSD

Item Condition
Column HP-5MS(Cross-linked 5% phenylmethylsiloxane)
Inlets Solvent vent mode
Carrier gas He at 1.0ml/min

Injection port temp| 280C
Transfer line temp| 300C
Oven temp initial temp initial time  rate —.final temp final time
program (C) (min) (C/min) (C) (min)
50 1.57 20 100 0.0
10 140 0.0
5 160 0.0
Post run 300°C, b5min
Run Time 17min
(SSIN{ m(?:dfl 1\ ¢ Group Start time(min) Selected Ions, m/z
5%;1?2) clax.’ Groupl.(gesomin) 10.0 (111,112,125)
) Group2.(2-MIB) 7.0 (95, 108)
3.23 BEEAHE ¥ biofilter FF AT AAF €L AL FH
ALt 9 FEZALOIE  biofiltero] F2E FEHFE Ao A=
(biomass)> AESAHeH FEAOE FFeF 1 g8 XA F 37 kHz, 190
W= 38 Fo 283 2 (DHA1000, Branson, US.A)3lo] Al €8xz &
RoA agar(Difco) HAujx o] A8 1 mLE dAZOo=R 34 =23 & 25T =%
71l 253 wigslel 5% 1 g3 colony A AdFE BAISFAUHRE,
1990).
Aol A E(activity) = °“H-thymidineo] DNAO]l F5¥E AE== it
(Fuhrman and Azam, 1982). WA AEdA T FESAOIE 5% 1 g8 2+
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v Aelste] Aitg &elAzl A& 2 mLel 200 nM [methyl-"H] thymidine &
(specific activity: 40~50 Ci/mmol) 1 mL¢ 200 nM cold thymidine &< 1 mL
2 A7 F ok wjErlol A in situ 2R OE 4AZF w St ATP £ 925
g/L) 100 pL¢ 1 N NaOH 2 mLE #7}ste]l 100 ColA 1A17F E¢t 71 &l
DNAE F&3 5 A W77 3000rpmeol Al 1023 A =2tk g o
1 mLol ice-cold 10% trichloroacetic acid 5 mLE Z7}sle] W8-S

15% A% WA 02 pm WEHS FHRE oHeslrh o] AE vialdl ¥
1 AxAZl & ethyl acetate 1 mLeF 10 mL9] scintillation cocktail(Aquasol-2,
Packard Co.)& 93} liquid scintillation analyzer(HP, 2500 TR/AB, U.S.A.) =
WAL #2S =43kt doj W DPM(disintergrate per minute) O ZHE
Parsons (1984) 5ol 23k A& 0] 83} incorporation®. thymidine®] %<& A4k
3+ 9 tH(Bell et al., 1983).
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4.1 BAC 3AANA 9 geosmin# 2-MIB9 A A EX4

4.1.1 EBCT W3}d] W& geosminF 2-MIB A E3] &4

72 15T #9440l geosmin? 2-MIBE 7}7} 100ng/Le] =& FY3}o]
21 e A (Coal), ©FAFAI(coconut), ZEHAl(wood) A ¥3t ¢tE #FALo]l E biofilterel A
o] EBCT 5%, 10+, 154, 20°&¢°] tlsl] geosmin¥ 2-MIB2] | AH&S AR A
< Fig. 4.1 (a), (el YEFH AT

g8 AAdE 2 otEZALOIE biofilterol 4 EBCT ®3ko] wWE geosmind
2-MIBol W&k AABEFL 7o fFASHA vetvar lek %A geosmin®] 4 -F,
A& Al (coal) A A BACOI AT 15T A EBCT7F 53, 103, 152 2 20 o
AAL]l 572%, 79%, 949% = 99.7%=Z YELLa okxlAl(coconut), & EHA
(wood) 2 <FEZALClE biofilter®] 78-$+=474F EBCT7l 5%, 102, 15% % 20
Y o AAEl A7t 54%, 75%, 90.7% R 99% <} 51.6%, 73.1%, 89.7% %
99% 2 38%, 59.1%, 76.2% R 91%= e MekA 214 o] BAC7F &4 AlZ
d AAE vl 7HE oAl Uk AL, FEZRARSLE biofilterd] 9= o
2] AAe] BAC Btk B AAES eI

Tgh 2-MIBS 495 AEHAL ok, HEA A A BAC 2 FEZALOIE
biofilteroll A= 15Cel A EBCT7} 5%, 10, 1565 % 20&8<Yd dwo] o3 A A& <
Hsle= 27 46.3%, 70.5%, 88.3%, 95% ©F 37.2%, 63%, 82%, 925% £+ 36%,
60.6%, 80.6%, 91.2% = 21.8%, 489%, 70.2%, 824%%= UEL} HAHo=Z
geosmin Xt} 2 A A &S ERNSITH

Geosmin¥ 2-MIBol| tfgk BAC A& 9 SFE ALl E biofilterol A ¢ A&
e AeA > oA > EEA ) ¢tEAIolE ow AT o3 A
7= BAC A2 3 QtEHALO|E biofilterol| A 9] F-2hA| it o] A 2 Sdwe

Aol A 71918 Ao & FE0DS oFAAY Be Bwd] ua) e 2
Aol A BAATe] AAS BHES S o FE A TAwe] AL
e /1% FASW AdSel P - Aqskrld FL 5004 o4 AUAT
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biofiltere] 7Z-5-, oA xEw bacteria7]' Faxo] 79 ZEo uE ALEHe=
71 §ads AH AAGE vrtUSES 7HA s v, @A 22 gad o
A A9 1g°] GACE 719 600-1000 m* o] WS u] 39 % (Agriculture and
Agri-Food Canada, 2006)% 7M™ 2 ¥ ¥ oluel & (pore) el F-=
bacteriaE o] Bo] A 238l7] Wl AHAJA AR HIIUFE

o] 7HAE FFH o FAE 7] gAYS AAI

AEs w7tV FE 7k weka @d i FEZARO]E oA o A A& Abol=
olgig wiZlYEs} S EA Apolol o & 7101% Aoz et

(@) AeA 4o &
‘g gkol] H] ko] OFXM]Q} g A - e*é‘?:‘r FHS FA3 (b))t (o7 dx2=

o

o
=
- A 2l HF AL ANAFgE VA AR & ¢ Sl

&2
(i3
,Jk
&)
2
=,
o
e
9]
>
(@!
2
o
i
s
=
>
rﬁ
—Vi
i
s
b )
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Fig. 4.1 (a) Geosmin removals for various EBCTs and BAC materials at 15C.
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2-MIB, C/C,
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Fig. 4.1 (b) 2-MIB removals for various EBCTs and BAC materials at 15TC.
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(a) Coal-based (b) Coconut-based (c) Wood-based
Fig. 4.2 SEM photograph of attached.bacteria on.various BACs.
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412 #1439 & geosmin¥ 2-MIB A &3 EA
il w2 z}zko] EBCTOlA Y geosmind 2-MIBell thil &R &S

AFSE A S Fig4.3 (a), (b), (¢), (d)e°l YeERN ST

Geosmin®} 2-MIB REF AgtA|, ofzxbAl, HeA MA@l BAC % AQEZHA}
biofilterol A FYF 2 5ol wet Z4zbe] EBCToIA Y A=l &
Z7teb= Ao g Vel 9o geosming® A= AEA Ao A e A
o] 5C w EBCT 5%, 10%, 158 2 208 Ao QEEs) o] 22.7% 47.7%, 69.1%
2 84.5%= e 80% ol4e] EaA&S A7) 9l 208 o9 EBCT7F Z &
Ao 2 YEyal, QtEFALOE biofiltere] 7 $-+= EBCT7} 51, 10%, 158 2 208 <
wj o] AyEEE Lol 27t 9.1%, 30.4%, 465% L 69.3%= e} A EA BAC A
BHU} e AALES BT BT 290 15T 2 25T=2 S7HA2 4% A4 BAC
o} otE Ao E biofilterol A 2] EBCT 5%, 108, 15% % 208 ¢ 9w geosmin A&
Balee 27 1509 4% 57.2%, 79%, 949% 2 99.7%. <} 38.0%, 59.1%, 76.2% %
91%= uyelgton, 25709 A= ZbZ 780%;.90.9%, 100% = 100% <+ 59.1%,
77.8%, 83.6% B 97.0% % Bt 2E|a ofARA|I%t HEA A Ee) G F
o] 5CY w EBCT 5%, 10%, 152 2 202449 AERs o] 24 18%, 43.2%,
65.3% % 82.4% <} 17.3%, 40.9%, 64% = 805& U El A&7 BAC ¥R <
e AALEES BAer 580 15C A 25CE F7HA121 4§ kx4 BACS &
g7 BACOI A 9] EBCT 5%, 10+, 15% % 203 o W geosmin A&w3l&2 2H7}
15C9 3% 54.0%, 75.0%,:90:7% 2 99% '} 51.6%, 73.1%,:89:7% = 99% = L}E}yL
om 25T A= 27734%,-88.6%, 98% = 100% S 72%, 87.9%, 97.2% L
1009% % thEbE

2-MIB9] 7%+ 420] 5CY w AetA BACS HEZAFOIE biofiltero] 41 EBCT
7} 5%, 10%, 15% 2 2084 weo AERAES 72H7F 9%, 352%, 56.3% L 71.7%
o} 1.19%, 182%, 30.7% % 53%= uERRth &3 0] 15C 2 25CT=2 F7HA21
749 A e BACS SFE@RAlo]lE biofilterol ¢ EBCT 5%, 10%, 15%, 20&<
geosmin AEEAES 27t 15T 49 46.3%, 705%, 88.3%, 2 96.0% <} 21.8%,
489%, 70.2% 2 824%= YElskom 25Ce A$= 727 69.7%, 824%, 92% 2
99.0% <} 50.0%, 65.4%, 80.9% % 90.4%= LteRwiTh Uk ojuzk ox}A] BACSH &
E7] BACOIAE A AeS Bgow A4 R geosming A AEHT A
o7 ZARE AT

RN

)
m

ol

4y
rlo

{ﬂ,

e}

=
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AA A 02 geosmin®| Y 2-MIB9] 4%, 9] w1, EBCT7} &2 Z7oAA= 4
g7 BACS} QtEgRALo] E biofiltershe] A& &8 &9 Abol7} Wal, F=&0] Eolx| i,
EBCT7} Aojd42 A eld BACY SHE#HAFO] E biofilterele] AMEE& &9 xtole=
=ol=e AFS dedddt. 243 FEZRALOlE biofilterol] A o] oA EYE
df 9 ZEgGS=HE AASGS AR AF(AlSE, 2007, ¥, 2008)
EftALol E biofilter®] ¢ A8l AEEATE Bl FaA ] of g *3%%611

I

&9 A7t 3438 UEbUY, o] FEZAIOIE biofiltere] A= F-FATo] AdE
ghatol E Frent FAsta 9l7] wiiteolw, AESAAEe] Aee @AY guEnt
ol A A & (macropore) = %Zl/‘ﬂ%l(mesopore)d]}i wo Aol A2sa
Ko, Al ol AMAsteE Adaye] Ag FHel AsteE Adad 2o f
o] #2& Azt EX A3 A= EO‘E} Hustar-gleh w3 FYFY Fo] 2
5C A% o A% F=steludolES AAE] Hit 80% A=l Wi, F20] 1
5C olat2 Astd AFgols AAL] 40% otz astgdod, AetA BACS 7
= F20] 10T oletd A$olE Bt 8% AAES YeElfdegn Busta gl
o, QFEZRALo] E - biofilterdlA = Astol ME Te&ASE FRATY A=

(activity) A3/} 5+ €<l o &2 H st

42 5T 25Co A e BAC A2 =2 SFE&ALO| E biofiltere] F2HAlF o] A A 2
3 B EE AL A3E Table 4.1 ERASAT.

e BACY W A% 20 25ToA BT AsEAS A AAFS 26x107
CFU/gol A 1.9x10" CFU/ge 17% %43 whd ZAEE 291 mgC/m’ - hrol A
1.89 mgC/m’ - hr2 35% HE7hgas J b wdl, opxAlel Betre] 495 A%
S 20~23% AL A% whd Tl A 39% AR fAhdte 3o ®E UEhd
S Aol wWE BACO E&ASHE HRATFY AAFE i o3 99 wuE
AL Azt ¥ e TS AAsE Aoz yeyt StEALE biofilterol A

Feo] 25CoA 5C2 AsHAE A HFAF AAFE 75x10° CFU/golA
39x10° CFU/go. 2 48% 7txdtgom, S84 we ASE 49% AL 7HAhstsE o=z
UEelY BAC 3BT 529 Adle] w2 R2Aqre] g 9 G4
T Ao veEth Ed, BAC ¥ vls]l FZAw A Fe] BAC ¥4 20~
29%, ST AL 53~84% AEE Ve BAC 34 HU} AYEEF
g 2420 Ao YEy

B2 A F o] A A F(biomass) 22 F|AE 9 AR YA S HUVeleE AL FA A}

rlr
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Y

H (Moll. D, 1999), AAZF2 F71& Atstsdes 2Hs A
I Qo I 2o WEle] wE Ao AA
S ARG Ay 29 Wl uwel A g & wWas YERhY

pul

Table 4.1 Biomass and activity of attached bacteria in the various BAC and

anthracite biofilter

Coal-BAC Coconut-BAC Wood-BAC

Water

Anth.-Biofilter

temp. Biomass Activity Biomass = Activity Biomass

Activity  Biomass

Activity

(CFU/g) (mgC/m’® - hr)” (CFU/g) (mgC/m’-hr) (CFU/g) (mgG/m’ -hr) (CFU/g) (mgC/m’ - hr)

1.44
2.35

1.6x10°
2.1x10°

1.51
2.49

1.6x10°
2.3x10"

1:89
291

5C  1.9x10°
25C  2.6x10°

3.9x10°
75x10°

1.01
1.98
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Geosmin, C/C,

1.0 = 7, % -
08| _ = 5° 4
Zzzzza 1 5°C EE
0.6 |- w223 25°C 3 % ~
_ é —

0.4 - :: -’:’: 7 -
3 915 %

0.2 S / < / -
g | | 7
3 14 %

0.0

0 5 10 15 20 0 5 10 15 20
Coal-BAC Anthracite-Biofilter

EBCT (min)

Fig. 4.3 (a) Geosmin removals for various water temperatures and EBCTs
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Geosmin, C/C,
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Fig. 4.3 (b) Geosmin removals for various water temperatures and EBCTs
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2-MIB, CIC,
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Fig. 4.3 (c) 2-MIB removals for various water temperatures and EBCTs in the coal-based BAC and anthracite-biofilter.
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2-MIB, CIC,
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Fig. 4.3 (d) 2-MIB removals for various water temperatures and EBCTs in the coal-based BAC and wood-based BAC.
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4.1.3 BOM %9 W& geosmin® 2-MIB &3] &4

A A BACE o83t FU9 &= 2 BOM FxEHslo] w2 geosmin
I 2-MIBel i3 BELeles A AS Fig. 44 (a), (b)oll HERRAT. 520
5CY v geosmin® A% low BOM ¢ middle BOMolA EBCT7} 5%, 10&, 15%
2205 we] AALLS 227%, 44.7%, 69.1% = 845% o 21.8%, 46.7%, 67.2% =
83.7%= YEFEIL high BOMd A& EBCT7F 5%, 10%, 158 2 2089w AAE
= 6.2%, 36.8%, 61.6% % 77.8%= YEFRTE wbdo] #&0] 25TY w low BOM ¢}
middle BOM A EBCT7} 5%, 10%, 158 % 208due] AAEL 78%, 90.9%,
100% 2 100 <F 79%, 92%, 97% % 100% = eI high BOMAA = EBCT7 5
®, 108, 15% 2 208d W 71%, 86.1%, 93.3% % 988% = UEL} =] 5T} 2
5CY Wl =% BOM % %7h-%S w(hich BOM) geosmin® AEE&| 5ol Holx=
Ao vewth 18t low BOM# middle BOM9 749 geosmin®] #| A&l &
2ol & HolA| g3kt

2-MIB¢] 7§ 20| 5C <o EBCT 5% ~20+% 9 low, middle ¥ high BOM
A uwje] o] AALL 9% ~T72%, 8% ~69.7% = 0% ~584%= EFIL F20]
25CY w EBCT 5% ~20%% o low, middle ® high BOMY w2} 7}7he] A A &2
69.7~99%, 82.4~984% 2 588~%MU%= YERL AA &= Aol7k Jd 2 geosmin
W frabeh A4S Y

4459 BOM 557} =S5 29 (BDOCE 0.8 mg/L A%) geosmine]H+ 2-MIB
o AEEso FFS AT AoE AU T. o] AL BACH FHE FRALE
o] AERHI 4¢ BOM. cocktail AFREAZ - ALEH formaldehyde, glyoxal,
formate % acetategd F7I®A ZIHE WA o] &5t Wi Aow FeHh
Formaldehyde, glyoxal, formate 2 acetatet $2& A glo oA AAF= BDOC

T4EHEE BAC FANA FZMTES] F+ FrlgdLdEo|th

_57_



water temp. : 25°C
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Fig. 4.4 Geosmin and 2-MIB removals for various BOM concentrations and EBCTs in the coal-based BAC filter.
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4.2 Geosmin¥ 2-MIBY AEES =d73g Hr)

Fig. 45¢ #o] £ Rd2oA In(C/Cy vs. timeo] AXA oz yeld ZH$
pseudo—first order rate® ¥ & 7}s3dlthal H s th(E, 2001). wekA Fig. 4.500 A
EE9 A Ade BAC ZHES o]&3to Zt7e] EBCTOA Fd4 F=Wsld

& geosmin¥ 2-MIBo] &£ &S ol&dfo] ZHzhe] oMo FEEs &=
(4.

=

AF<4=(reaction rate constant, k)& 2

71 HRHFE CREEAE & 55)9 Co(x7ls )7 25 W(C=Cp9 Felm=
=R, t= HEARHEBCT)ol W 4] 41D)S o83t o

e
) = =,
APzANN EEE AN wr&@a‘w YEEE FEAS kS T EI

o,

tp = 069 /k = - @.2)

421 #2434 AA &= H7}t

Table 4.2 (a)9} (b)o]l @A a1 BAC % SFEZALOE biofiltere] 4 2714
Aeisl 245k B71(te)E YEF T Geosmin®] 79 Table 4 (a)ol

Bbdl low BOM Z7AoA $&0] 5T, 15T, 25CY o A4 2 BACH A2 A
BE3 245k 0.0766 min ', 0.1704 min " 0.2897 min ' 2 UE} 0] 5T
ANA 25CE F7ketd AEEs S5 3789 A% F7hste] w7 (te) e 9.05
minel A 2.39 mineZ #2d Tk okaAAlet HehA AEe] BAC 2 StEEHIOE
biofilter?] 7% low BOM Z7olA 40| 5C, 15C, 25CY u] HEF] =A<
(k)& Z+zF 00702 min', 0.1521 min', 0.2515 min ' ¢ 0.0672 min ', 0.1445 min ',
0.2413 min' 2 0.0485 min ', 0.0980 min ', 0.1623 min ' &2 eI W7 (tye)
Z+7} 9.87 min, 4.56 min, 2.76 min ¢} 10.31 min, 4.80 min, 2.87 min ¥ 14.29 min,
7.07 min, 427 min &2 Aol FYFY F& sl we SRS SEATk)

<
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o] F7hste] W (tp)7t El=E o R veihth Ee Q™ vlale A= AR
A A BACTE oAl HebA] Ajd o] BAC Hth 1.1, 128 %= & A& &
TS e, e AF e BAC7E SFEFAFOE biofilter ®th 1.5848), 1.73
v, 1798 2 AER SE4TE HAE Ao R ZAE AT

2-MIBS] Z§ F=°] 5T, 15T, 25T wf AgtA AHe] BACAA S g%
222 (k)& 0.0559 min !, 0.1311 min', 0.2071 min ' & e 0] 5TA 25T
Z7held AERE SEATE 378 A F71eke] W) (te)E 1240 minolA 3
min® 2 FFASHATh oAb AloF HEAl A" el BAC B FEZRAFOIE biofilter®] 7 -5-
low BOM ZHeA $0] 5T, 15T, 25T W AEEs F=45Kk = 247 0.0511
min', 0.1074 min', 0.1606 min' ¢} 0.0496 min’, 0.1024 min', 0.1571 min' 2
0.0324 min ', 0.0765 min ', 0.1152 min ' & & YEFFT- 877 (40 Z+2F 13.56 min,
6.45 min, 4.32 min 2}-13.97 min, 6.77 min, 441 min % 21:39 min, 9.06 min, 6.02
min 22 ZAME S FYFY L Aol et AERS SedF(ke] TR vt
N7t Fashon =3, A9 BladA s, e A2 BAC ofx A} &
g7 Ade] BAC Bl 1.1~154 AE 2 PEES S:453 ey, e
ALOlE biofilter Bt 1.7+184 AE 2 AEBRS £E4F2S JAE Aoz A}
= At

w3, AEeA Ade BACE QEAISOIE  biofilterE WAIC®E 3 geosmin¥
2-MIB =41 AERS Sxiae wvlE A Aoy AwkA AF

]|

BAC9 % geosmin®] 2-MIB Ht} BERS &HE4F=7L13~148) A= & Ao=w

i

x

>

ek otEFAFO]E biofilterdl A x= geosmin®l- 1.3~158 A= & FHoz ZALE
o] 2-MIB H.t} geosmino] A&7 - olFHELZ ZALEAT o] A7 2-MIB2]
237F geosmin®Eth o] H & olf & IEC] /HAE EYAA ol 7|ttt dd

CREES

_61_



In CIC, (-)

100

102

103

Coal-BAC

O

Ll

: Coconut-BAC : |

O

s e |
| Wood-BAC
oAt
1 ] ] 1 ]

| Anth.-Biofilter |

(0]

3 AT

- D -

£/ 0%, 5°c ]

. 88 18°C ]
O 25°C

20 0 10
EBCT (min)

(a) geosmin

20



100

In CIC, (-)

102

103

Fig. 4.5

' e e s e e e s e e e v 1 N L B
| coa-BAC || coconut-Bac || wood-BAC || Anth.-Biofitter |
- 1k 1 1k 0]
B o4kt od} Ood}E 4
i 1L iL 1L XA
3 o\ JE N13 AH4E E
n ~1E 1E 1k N
3 =13 ElS ElS E
- 1k 1E 1E o s5c 7
i 1L 1c 1E & 15¢c ]
i 10 1L ™, st
| ] 1 ] ] 1 ] 1 ] ] 1 ] 1 ] ] 1 ] 1 ]

0O 10 20 0 10 20 o0, 10 20 o0 10 20
EBCT (min)
(b) 2-MIB
Pseudo-first-order reaction plot of geosmin and 2-MIB for various

water temperature- at 5, 15, 25 in the .various BAC filters and

anthracite—biofilter.
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422 BOM s %24 AA £= H7}t

Table 4.2 (b)elli= A gA A A BACOA fFde] = 5T 25TelA BOM
T3l W& geosmind 2-MIB9] AEF3 S35 (k)9‘r W71 (tp) S WERNIRA
o FY9S £ 5T 25CAA low BOM =AY W geosminol] thdk YEE3) &=
A4 0.0766 min '# 0.2897 min 01912, middle @ high BOM Zz1o] 4= 0.0742
min'# 02972 min ' 2 0.0622 min ' 0.2250 min '® YER} $£& 5C9 25Tl A
lowe} middle BOM Aol e AERs] £E4d5s # Aol YA agtoy
4 BOM % %7} =& high BOM Z7oAE Q=13 7t e A

SR 3
#ashale B3 2-MIBe] 7

FS wHgom low BOM =4 ®HU} 1.2~139 A%
9% low BOM Z7°] high BOM %7 Bt} AEE& S24d57 148 Ax 2 A
o % Uettt geosmint wi-¢FARS AES B A
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water temperature and various BOM concentration
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Table 4.2 Pseudo—first—order reaction rate constants, half-lives for geosmin and
2-MIB biodegradation at various water temperature and various BOM

concentration

(a) Under various water temperature (low BOM concentration)

. Reaction rate constant, k  Half-life, t Reaction order, n
Condition Compounds . .
(min ") (min) =)
geosmin 0.0766 9.05 1.04
Coal-BAC (57C)
2-MIB 0.0559 12.40 1.06
geosmin 0.1704 4.07 1.00
Coal-BAC (15C)
2-MIB 0.1311 5.29 1.00
geosmin 0.2897 2.39 1.00
Coal-BAC (25C)
2-MIB 0.2071 3.35 0.99
geosmin 0.0702 9.87 1.05
Coconut-BAC (5C)
2-MIB 0.0511 13.56 1.07
geosmin 0.1521 4.56 1.00
Coconut-BAC (15C)
2-MIB 0.1074 6.45 1.02
geosmin 0.2515 2.76 1.00
Coconut-BAC (257C)
2-MIB 0.1606 4.32 0.99
geosmin 0.0672 10.31 1.05
Wood-BAC (5C)
2-MIB 0.0496 13.97 1.07
geosmin 0.1445 4.80 1.00
Wood-BAC (15TC)
2-MIB 0.1024 6.77 1.02
geosmin 0.2413 2.87 1.00
Wood-BAC (257C)
2-MIB 0.1571 441 0.98
geosmin 0.0485 14.29 1.06
Anth.-Biofilter (5C)
2-MIB 0.0324 21.39 1.07
Anth.-Biofilter geosmin 0.0980 7.07 1.00
(15c) 2-MIB 0.0765 9.06 1.04
Anth.-Biofilter geosmin 0.1623 4.27 0.99
(25°C) 2-MIB 0.1152 6.02 0.98

_66_



(b) Under various BOM concentration (coal-based BAC filter, water temperature
: 5Cand 25TC)

. Reaction rate constant, k  Half-life, t;» Reaction order, n
Condition Compounds o .
(min ) (min) (=)
geosmin 0.0766 9.05 1.04
low BOM (5C)
2-MIB 0.0559 12.40 1.06
geosmin 0.0742 9.34 1.04
middle BOM (5C)
2-MIB 0.0547 12.67 1.06
geosmin 0.0622 11.14 1.08
high BOM (5C)
2-MIB 0.0388 17.86 1.07
geosmin 0.2897 2.39 1.00
low BOM (25T)
2-MIB 0.2071 3.35 0.99
geosmin 0.2972 233 1.00
middle BOM (25C)
2-MIB 0.1981 3.50 0.99
geosmin 0.2250 3.08 0.99
high BOM (25C)
2-MIB 0.1506 4.60 0.99
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