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Analysis and Treatment of Compounds Producing Odor in

Drinking Water

Hwa-Ja Lee

Department of Environmental Engineering, Graduale school,
Pukyong National Universtty

Abstract

Musty and earthy smell odorous compounds in the raw water are generally
attributed to  2-MIB(2-methylisoborneol), geosmin, IBMP(2-Isobutyl-3-methoxy
pyrazine), IPMP(2-Isopropyl-3-methoxypyrazine), = TCA(2,4,6-Trichloroanisole). ~An
easy, fast and reliable analytical method is proposed for the determination of the
concentration of these odorous compounds. The novel stir bar sorptive extraction
(SBSE) technique is employed, following a simple and fast procedure that allows
many samples to be extracted simultaneously using very small volume. Extracts
are desorbed in a thermodesorption system(TDS) coupled on-line to a gas
chromatograph-mass'. spectrometry system. The SBSE offers good recovery and
linear regression coefficient(s) _for the - five ~odorous - compounds. From each
calibration curve, the regression coeffficients(7) were obtained from 09957 to
09994 in 5~50 ng/L concentration. And the limits of detection LODs were
determined from 1 ng/L to 3 ng/L, and limits of quantitation LOQs were from 6
ng/L to 8 ng/L. The good repeatability of this method can be deduced from the
low R.S.D. values of for five odorous compounds. The mass spectrometric
detection in selected ion monitoring mode contributes to the lower detection limit
and good sensibility obtained with this method.

In this study, five different odor producing compounds in the raw water from
the Nakdong river and rapid sand filtered water were treated by oxidation from
O3/H20; process. In addition, the change in BDOC formation by the Os/H>O:

process was also investigated for considering this advenced oxidation process as a

_ix_



pretreatment to the BAC treatment process.

The experimental result showed that the removal efficiency of geosmin was
higher with the use of 5 mg/L of Os; and 0.2 mg/L of H>O, than with the use of
20mg/L of Os alone for the sand filtered water. And in general, the removal
efficiency of geosmin in the raw water was 12~27% lower than the one in sand
filtered water. In the sand filtered water, the removal efficiencies of geosmin and
IPMP decreased when H>0:/Os3 ratio increases above the optimum ratio. The
optimum ratio of HxO»/O; dose was 0.5~1.0 for geosmin and 0.2~1.0 for IPMP.
However, the optimum ratio of H»O0,/Os; in the raw water remove geosmin
appeared to 1.0~3.0. According to the experimental results for the removal of 5
different odor causing compounds under varied O; doses, the removal efficiency of
IPMP was the highest with 60% and, in overall, Os3/H>O, process showed higher
removal efficiency than O; alone process. The BDOC formation by the Os/HxO:
process increased from 0.1~0.25 to 0.19~0.34 comparing to Oz process alone.
Therefore, it is concluded that the advanced oxidation process with O3/H>O: can
be used as a pretreatment to the BAC process.

Powdered activated carbon(PAC) is widely used to control odorous compounds
causing earthy-musty odor in the drinking water supplies. When PAC is added at
the just before incorporation of PAC into coagulants floc particle may affect
adsorption rate and capacity. It was known that chlorine is one of the chemicals
often come into contact with activated carbon. But activated carbon react with
chlorine and surface oxide accumulate on carbon surface. As result, adsorption
capacity of activated carbon is reduced. Granular activated carbon(GAC) has been
identified as a best available technology for removal odorous compound. Rapid
small scale column test were used to investigate 3 types of carbon(coal, coconut,
wood) for their affinity to absorb odorous compounds. Five odorous
compounds(2-MIB, geosmin, IPMP, IBMP, TCA) concentrations were measured in
the column effluent to track GAC breakthrough. Odorous compounds breakthrough
occurred at around 50,000~90,000 bed volumes(BVs) of operation for coal virgin
GAC investigated. The coal based avtivated carbons(F-400) were determined to

have the highest adsorption capacity for odorous compounds.
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Aol Fo AAEARE AxHUAAM AAHSE FEI} AT o] Holgkd

1973'd AWWA (American Water Work Association)ll A 120719 FZAIE4AE Ul
Fom Jajel Al val =AS AAMS e 2 AR GE2F 53 Anabaena E %
Aol Aol dAY ddF IS W Wa, w3 Futd ot gutg gfobrt
FEASAMY WAL L2 U FH T (Dice, 1975). Barnett (1984)2 w]=t3} 7)o}
o] 6297 FEAIGAE WG RE ARG Ao A WA AR GXFRE IF
SR FEFET UH glstdnr. I ool e ool A=
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(Goodfellow and Williams, 1983), geosmin®]4 2-MIB&d %= O & FH o th &3k 3}
=5 TEY. 53] oAE F FHY v A2 EHAS FUAME A=
cadin-4-ene-1-ol ~ (Collins,  1971)%  ZAA A 310 A TSt HAEAQ]
2-Isopropyl-3-methoxypyrazine(IPMP)°] t} (Buttery and Ling, 1973; Gerber, 1971).
Gerber (1972, 1979, 1983)= Aol o) TAst= =2 =E geosmin, 2-MIB, IPMP
ote o stEEAdd et =ostAedl WATd &R Steptomyces$t Nocardin=5-
B 2% S gdeds Rusisin. Hdde A8 F Az 3EEHe
Ao WA7E A e @714 27189 28 Aast WA YEide =
714 GARZ EREHAAXT = ARgAA wrEo] AA Hi (Higgins and
Slivey, 1966), geosmin®|tt 2-MIBZ 2> WA EH 2 WA o] A&8AF X4 A7v &
7174 HAF DAA AP ET (Bentley and Meganathan, 1981). 18y dF 2=
=

o AT TA A7 ARAA NAFACIA WA R HHEe D

Fl

= olYegta AT (Wood et al, 1983; Citing Redshaw et al., 1979; Higging and
Silvey, 1966). o]} #o| Ztz}o] AFA#|7t A&t A Fethe AR FA A A
AHe WA #7F Fa340AM dAE AT = RAFdes AA FHdol Jdde
AE A% 4 JT (Burger and Thomas, 1934; Lin and Evans, 1981; Persson and
Sivonen, 1979; Weete et al., 1977). A5 ZFFAE oA ARl e A& W9
F7F @ 4 At} Silvey and Roach (1953)= = FetavlA 9 Hefner &3
Aol AR/ FE2F/RA Cadophora® AZRANA  BAdS 2AsAT. Slivey
(1953b)= =T 3ty Chorella, Clilamydomonas, . Nostoc, Anabaena, Gloeocapsa, —Melosira,
Navicula, Pediastrum, Aphanizomenons o T3 FHLS ZH(53] =34 Z) W F A
WATS #EASATL Bustdo A4S dxF7E sty Al Aetd AT A
=

=
F 7 WEet. Yy dF EE2F

e w7 A% AAT 24 TEdol 2 =
2-MIB9} geosmins Aoz A Fr o AT RDE Nocwrdins ¥ S5
N AEY OE FdAR BHE F AAR Sweptomyces® ] FEo] WFEo|h
Table 2.1°¢] geosmin 2-& 2-MIBE 2 7= tixz< W4 TS5 Yeddd

(Wood et al., 1983).



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

Organism Organism
Actinomyces bizwaco Actinomadura sp.
Microbispora rosea Nocardiopsis dassonviller
Nocardia sp. Streptomyces antibioticus
Streptomyces antibioticus S. griseus
S. fradiae S. praecox
5. griseus S. griseoluteus
S. odorifer S. lavendulae
S. alboniger S. odorifer
S. lavendulae S. chilbaensis
Geosmin 8. wviridochromogenes 2-MIB S. fragilis
producers S griseoluteus producers 5. neyagawaenis
8. chibaensis S, plaeofaciens
S, fragilis S. prunicolor
8. grisoflavus S. versipellis
S. neyegawacnsis S, werraensis
8. phaeofaciens
8. prunicolor
S. wersipellis
S. werraensig
8. albidoflavus
@) 27 9 WA A
Bolgle 2FE BRY ¢ AEE UEF HPES UF WAL e v
3 2o Rod o BPY HPEo B £BE TR A4 MHLAY §7]
£ WE Wk AFUFE AEHE BAE SRS I 2R/ 24 g
Fe dAxAgeln FAE IAH =52, EF, TF, WERXF Y FH=E &
Ao dedaes w20 WA FIAME fdste HExHdd =42 F2 9270 9
& AAEE= geosmin I 2-MIBol® I o] FERF HEFe WAL RIRES
fFddte AoZ YElS T (Parmer, 1962). A F7hA B3 G2 F/o sl #AH =



o

2-MIB(2-Methylisoborneol),

TCA(2,4,6-Trichloroanisole), IBMP(2-Isobutyl-3-methoxypyrazine),
IPMP(2-Isopropyl-3-methoxypyrazine) 5 ©| S\t (Lalezary et al, 1986). Table 2.2¢
FRUE fuEdAt WAl SE T (o], 1998).

WA fEE A Z = geosmin(trans-1,10-dimethyl-trans-9decanol),

=z =2

===
=TT =

ST =

Table 2.2 Classification of algaes as odorous compounds

Taxa Genus Odors
Anabaena Grassy, Musty, Moss
Anabaenopsis Grassy, Moss
Aphanizomenon Sewage, Grassy, Moss
Blue-green Microcystis Fishy, Grassy, Moss
Nostoc Sewage, Moss
Oscillatoria Musty, Sewage, Grassy, Moss
Gloeotrichin Grassy
Asterionella Sewage, Moss
Cyclotella Fishy, Moss
Diatoma Fragment, Moss
. Fragilaria Fragment, Moss
Diatom Melosira Fragment, Moss
Stephanodiscus Fishy, Fragment, Moss
Synedra Grassy, Moss
Tabellaria Grassy, spicy, geranium
Actipastrum Grassy, Moss
Chilamydomonas Fishy, Fragment, Grassy, Moss
Chilorella Moss
Cladophora Sewage
Green Closterium Grassy, Moss
Dityosphaerium Fishy, Grassy, Moss
Sprrogyra Grassy, Moss
Staurastrum Grassy, Moss
Ulothrix Grassy, Moss
Euglenophytes Luglena Fishy
Dinobryon Viloets, Fishy
Chrysophytes Mallomonas Viloets
Synura Cucumber, rotten
Pyrrophytes Ceratium Fi.shy
Cryptomonas Viloets
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Fol og dHARAA 53 FAE He @A B EAE o] ATl A
H54A Fol okdste Aot & B4 thdolA Hold F5o] WAE AL 7}
sAol =t+= AHolth (Izaguirre et al, 1983). wetA WAl TA Al 713 B F=2
EAste 2R i AEHor A FoE FAL = jlon, 54 #71=9
AE Fdsr] M e ddEzRE WSse M7l E FAAES SRS 2
240 AH. o 5 (1998)°] oletd FFdFolA WAl FEAAS dod=
G2FQA Ao Jetged, 9Y2F F 53 Ambacnae BN FAYAA
46%, Aphanizomenon= 21% Oscillatoriss 16% 5 2tAste AR UYERHT. 27/
s Asterionella7y 46%E, ZZ2F TNt Spirogyra®t Scenedesmus7t Z+7: 25% 4
WA EAE Lo AR BHuFEdH.

Foo AYsts diFEe £2Fe HAE FRAE AR

l

29 MAFE EAsts 2/E0] delo] Aok SAWA AES AR A £/
o FAEE(EY BYAAG TASET MAF)S Table 239 UYEIHATG (o] 5,
1998). At W2 WA FR2FT Anabaens= & 1mLY 5,300 cellstt &3}
Ao AT He A2 uygu WA Y shd E dQlew ey
Microcystis= 35,000 cells/mL, Oscillatoriaz= 53,000 cell/mL BE=7} FAEE=Z E
fra=g
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Table 2.3 A limit level of algae as odorous compounds

Taxa Algae cells/mL colony/mL
Anabaena 5,300 200
Aphanizomenon 6,600 200
Blue-green Gloeotrichin - 170
Microcystis 35,000 -
Oscillatoria 53,000 3,000
Asterionelln 3,000 -
Cyclotella 2,200 -
Diatom Melosira 2,500 -
Synedra 3,000 -
Tuabellaria 750 -
Actinastrum 4,000 -
Chilamydonionas 3,600 -
Green Closterium 200 -
Eudorina - 80
Pandoring 200 -
Scenedesmus - 1,000
Euglenophytes Zuglena 80 -
Dinobryon 3,000 -
Chrysophytes  Mallomonas 450 -
Synura - 10
Pyrrophytes Ceratium 200 -
Cryptomonas 1,200 -

3} @A

desulfuricans)+

@3) 19 mA=A A3 dA TA

FrdgeA B dA EAe Wz AdE, =
ofsf A E . MacKenthun and Keup (1970)=
2 & dgda HiudHr.

FAEE AT He @AV ve

f¢l0]

F2E

ol

= ol
o7t =3 FFAANA Bt

vty 2] o}(of], Desulfovibrio
3}

ol

F3rars A2 5 dd (Lin,



1976). Bechard and Raybum (1979)2 <2 #:;F ZFE A Zo ATk
dimethylsulfide®] TS sttt AL otvte 5 £/ AEAA Yee &
S

42 wHeolt #AY W AHE Aoldx: FAHATG. weH 2F Bae
=

=
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=
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=
Q.
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o
oX,
=z
£
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ol
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X,

A A B F dva T ols e FHE deH 2o

@ Tryptophane f+=#| - Indol, Scatole
@ o8 7}A Amines, Decarboxylation®] | &t ofmj=ite] Eal| 4=

@ A4k, Butyric, Propionic, Palmitic, Steanic)
212 BAFAe FRAAY LA

WA el o] & AbstAlo] ot AAEHE & o

of wzt HOCI# OCl e &2 EAstH, 5o dEYol7t S 3% Ay 714 82
gl FEE EA T Table 249 o2 71A FH|S] fadl o3 HALAAFTES U
Bl At (Krasner ‘and Barrett, 1984).

N
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2
e
=2
N
r'O
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ui

Table 2.4 The odor threshold concentration of chloride

Compound Descriptor Aroma Flavor
(mg/L) (mg/L)
HOCI Chlorinous 0.28 0.24
ocCl” Chlorinous 0.36 0.30
Monochloramine Swimming pool 0.65 0.48
Dichloramine Swimming pool 0.15 0.13
Trichloramine Geranium 0.02 -
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Table 2.5 Aldehyde descriptors and odor threshold concentration

Concentration (zg/L)

Odor Threshold
Concentration

Aldehyde

Raw Ozonated

(ns/L)

28.3

3.2

50,000

Formaldehyde

N
[@)} (9l
oA
zZ Z
I'e)
¥
(]
o]
>
S =
s g
g &
v o
i =
< &y

4.1

ND

Butanal

3.7

4.6

4.5

Heptanal

13.0

ND

N/A

Glyoxal

ND 28.3

N/A

Methyl glyoxal
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FEuEoA dojue @AY dde A dEF 2ol AVAR 2R F U

(1) BE%3 29

AR 4Re BHoR FUHE gae ¥Eih 9 FF olge
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HAE fFdste dAEES 2918 F doe 2SS g, 99 AxRsS 45
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22 A9 E/

21014 @AZ uiek o] zZbF AL U WA FLEZAES BHy AE3H
of thstA EFH d=d, 21F HEZ Q] S IAWPRC(International Association
on Water Pollution Research and Control, A 224 A+ 9 Aojg3))oA A
Algh st - dA Aot (Fig 2.1). o] 32 3719 FAUCE F4H don A

FEAe T WA BF, FRAe 4 @A ARAA BAZL 29T HRE

Eo] HAIES AUt Fig. 219 7t 25 @AR
A1 28 WASe] A mwsA A Eg.
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W 7tA Fmelx, oF 2z

o
ol AelHolA AN SAW, ArAF Fo 2R AT 53 2ol AE 7|

ofs) ZAst= WHAC dele B2 T4, SR T, @AY Fxoke] #A
Hlwa 9asiA wsA Ao JWWA, 1999). 12l Seppovara (1971)] F AL 7o
2 2F ol mEtM dHA8 FRE HE ASE yegon, v FE¢3
(American Water Works Association, AWWA)= FTxENA B F A= A&
Table 267 2] 87142 B Fatal Wajol o|F |28 o] Aot W A7
of St AE HUE Eoln We Aol AWt S FEs sy
Table 2.6 Categories of offensive odors commonly encountered in water
Classification ~ Descriptor Origin presumption
Group 1 Musty, earthy, moldy Algae, Actinomycetes,
Pesticides
Group 2 Chlorinous Disinfection
Group 3 Grassy, hay-like, woody Algae
Group 4 Marshy, swampy, septic, sewage Sulfer, Sewage
Group 5 Fragrant(vegetable or flowery) Qil, Benzene, Toluene, etc
Group 6 Fishy Decomposition of algae and
microorganism
Group 7 Medicinal, phenolic, antiseptic Chlorophenol
Group 8 Chemical,hydrocarbon, Industrial wastewater
miscellaneous

* Group 1 odors are most often detected; group 8 odors are seldom detected.
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-Caffeine
~Quinine hydrochloride

Sodium chloride

Bleacty
ST

Fig. 2.1. Drinking water taste and odor wheel(IAWPRC).
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(1) Group 1. &3 A, F%3°] HA|(Earthy, Moldy, Musty)
a5 19 dAE AaeodA 71 Riws] #FEs dA dd, old3 HdA, &%
of Wil= g e Ay FHdEAY dadAe 22 & AT dAE A
TT & AAHA F7I=E Fu. dE S0 olH3 WA= AHE &5 UEyr
T AT AFAR AMREE d4 Pl s AdH7] WEe] FFAdA Urtke
Ae GA dA7E ZAHA Fed 2y 3 534 dAA %
W FHA, F2Zo] HAE T ol AdE F gloernz LHZA HA A
XM BAL F Sle FegEd g2ESG AV wE WA A A (Odor
(3]

Throshold Concentration, OTC)E Table 2.7°] YEFWH AT (McGuire et al., 1981).

L P 1
3 2
o

+
l

=
=

Table 2.7 Group 1 odor descripors and possible reference standards

Descriptor Chemical OTC (mg/L)
Earthy-musty Geosmin 0.000004
Musty 2,4,6-Trichloroanisole 0.000007
Earth-musty, potaito bin 2-Isopropyl-3-methoxypyrazine 0.000002
Earth-musty, bell pepper 2-Isobutyl-3-methoxypyrazine 0.000002
Earth-musty, camphorous 2-Methylisoborneol 0.000009

(2) Group 2. |A& YAl (Chlorinous)

d 5 =
HET olFA FEE davt WA EAE FEA7IHE R 94 g3y Fhl o
F2E IF dae aRFHoE OF 4 HANEAWN, A4, st)E A2 = 9
ot

aE 29 3Fe= WA S monochloraminso] 93 dAWdA7} 718 kst 19
Y} dichloramine& A7} 2™ @ FAHH A A77F v ¢ o]k TF 200 4]
A Ade FFE H2EY AV wE @A FAA(OTC)E Table 2.8 YEMY
A (Krasner and Barrett, 1984).
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Table 2.8 Group 2 odor descriptors and possible reference standards

Descriptor Cause OTC(mg/L)
Bleach Hypochlorous acid 0.28
Bleach Hypochlorite ion 0.36
Swimming pool Dichloramine 0.15
Swimming pool Monochloramine 0.65
Geranium Trichloramine 0.02

(3) Group 3. E/A%/RA/%A WM (Grassy, hay-like, woody)
o] 2F9 WAE T A4S FAE FEAII=H 1 olfe e 2 dAY
AFAQA Aol WAel A7l dEoloh
A HAY FFEAS LI RoT 2y I YIF R Ve E IF
o

ol AeEAet BEAA AR s7]

iy

N

fr

ot Az, 2, Uil 22 AL 344 5S4 yAER vtz ddFo e AL
ot Zelv Microcystise Azt A £ WAE TEAIE AoZ A
Atk (AWWA, 1987). RE Skeptomyces= cadin-d-ene-1-0l15 A3 ol&13 &
7 g FUA(aE D= Aol Atk 2§ 39 dPee WAE A 2R
%S Table 299 JEIY A th (Palmer, 1962).
Table 2.9 Group 3 odor descriptors and associated algae
Descriptor Algae Source
Cucumber Peridinium, Synura, Uroglernopsis
Decayed vegetation Anabaena, Anacystis, Aplanizomenon,
Ceratium, Chlamydomonas, Cladophora, Cylindrospermum,
Gloeocystis, Hydrodictyon, Nifella, Nostoc
Grassy Actimastrum, Anabaena, Amabaenopsis, Anacystis, Apfunizomenon,

Closterium, Cosmarium, Cylindrospermum, Dictyosplaerium,
Gloeotyichia, Gomplosplaeria, Nitella, Oscillatoria, Pediastrum,

Rivularia, Scenedesinus, Sprrogyra, Staurastrurm, Syrnedra
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(4) Group 4. EA/FA/F9/515/3 B A (Marshy, swampy, septic, sewage)
a5 49 &3 WAlE EdA 7 B AAE Fdety AAF e 94
Aoz AAHET o] 259 71 & WAES &5 73 =2 s FIEHr 2
AA S sxed we & AR d4E F# do. o F E9 dimethyltrisulfide= ppb
FrAA EAFAS W A WAE FEoh 22y ppm HedAE vis AE
gt 1§ 494 de SAE F de FE J2EY AV wE WA FA XA
3]

(OTC)E Table 2.109] e}

AA

o} (Dague, 1972).

Table 2.10 Additional group 4 odor descriptors, possible reference standards,

and OTCs
Descriptor IS’tossible Reference OTC
andard (mg/L)
Garlic, disagreeable Allyl mercaptan 0.00005
Unpleasant odor Benzyl mercaptan 0.00019
Skunk odor Crotyl mercaptan 0.000029
Swampy odor Dimethyltrisulfide 0.000010
Unpleasant odor Diphenyl sulfide 0.000048
Decayed cabbage Ethyl mercaptan 0.00019
Methyl mercaptan 0.0011
Nauseating odor Ethyl sulfide 0.00025
Rotten egg Hydrogen sulfide 0.0011
Decayed vegetables Methyl sulfide 0.0011
Pungent, irritating Sulfur dioxide 0.009
Rancid, skunk-like Thiocresol 0.0001
Putrid, nauseating Thiophenol 0.000062
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(5) Group 5. &7|(Fragrant: vegetable or flowery)

9% 5 3 HEe b3 Fsta AR 94, Aol g g A9 &
ATk YA Frlo] BHE BFE ARFLZA FFAS 3 T HPE
S EES WA Aok AF 5N FARE B IA AEFH A9
2R Z4% Ade] % PAEN A¥ AL 5 Ak N4 o3 ojw FFEE
e WA A7 FEh AT + U1 FEol we A 8Y JEsh gepad. o
%59 TPHE WA TR Ay A AT FEF FYUE Table 2119 1

EF STt (Palmer, 1977).

Table 2.11 Algae responsible for group 5 odors, descriptors, and recommended

treatment dosages to-control these algae

Recommended Treatment

Algae S P Copper_sulfate Chlorine %}Il)(;ﬂglee
(mg/L) (mg/L) (mg/L)

Peridium Cocumber 0.5-2.0

Synura 04

Uroglenopsis 0.05-0.2 0.3-1.0

Asterionella Geranium 0.12-0.2 0.5-1.0

Cyclotella

Stephanodiscus

Tibellaria 0.12-0.5 0.5-1.0

Syrnura Muskmelon 0.4

Anabaena Nasturtium

Apluanizomenon

Dictyosplmerium 0.5-1.0 12

Asterionelln Spicy

Meridion

Synura

Cryptomonas Violets 0.5

Dinobryon 0.18 0.3-1.0 15

Mallomonas 0.5
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(6) Group 6. &117] ¥ A (Fishy)

3% 5 HA@E NS A 2F 6 HAMHIAW)E 274 nAEY FARFAA A
F oAt RYdes R Zd47] 2§53 d#Eo el Trimethylamine
dimethylamine2 =i17]e4 T4 3t= HAW Fo sgEolth. B2 BAY =7/
7 222 24 & o vANE AN YA, Comtium™ Volvors I+ A= &%
A HIFWE e 25 60 £IH= WA FFH Ao He 2F F 2

6
2la AWy E Table 2.1291 YEFH AT (Palmer, 1977).

Table 2.12 Algae responsibtle for group 6 odors and recommended treatment
dosages to control these algae

Recommended Treatment
Copper Sulfate

Algae

(mg/L) Chlorine Chlorine Dioxide
(mg/L) (mg/L)

Asterionella 0.12-0.20 0.5-1.0
Ceratium 0.24-0.33 0.3-1.0 05
ChrysosplerellaCyclote
Y/ 1.0 04
Dictyospluerium 0.5-1.0 12
Dinobryon 018 0.3-1.0 15
Eudorina
LEuglenn 0.5 1.0 0.8
Glenodinium 0.5
Gonum
Mallomornas 0.5
Pandorina 2.0-10.0 3.8
Peridinium 0.5-2.0
Stephanodiscus 0.33
Synura 04
Tabellaria 0.12-0.5 0.5-1.0
Tribonerna
Uroglenopsis 0.05-0.2 0.3-1.0
(Uroglernn)
Volvox 0.25 0.3-1.0
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(7) Group 7. /8 =/¢ 2 Al (Medicinal, phenolic, antisep tic)
Sl dutHo=m Xt WA wA =T

Az 2 Yebyy o]EA s A7 chlorophenol ¥H&EE2 wl-$ e WdA 37 A

Z 7FA 3 itk Table 2139 1§ 79 7|ZEd3 9

(Faust and Aly, 1983). Chlorophenol> 7}% vt QHX)gHA

71 EAEE IYAE fFEste EZ2 2-chlorophenol,  2.4-dichlorophenol,

2.6-dichlorophenols ©| t}.

Table 2.13 Group 7 odor descriptors, possible reference standards, and OTCs

Descriptor Possible Reference OTC
Standard (mg/L)
Phenolic Phenol 5.7
Medicinal 0-Cresol 0.65
Medicinal m-Cresol 0.68
Medicinal 1-Napthol 1.29
Medicinal 4-Chlorophenol 124"
Medicinal 2,4-Dichlorophenol 021"
Medicinal Bromoform 0.3
Medicinal Iodoform 0.00002

(8) Group 8. 38 F/&slFa/E %A H A (Chemical, hydrocarbon, miscellaneous)
OF 89 HAle dE9 gHF wis e TEE TS odd dAe ¢
Aoz A7l o HAHE WAHEH Ut 22t ofgA FA dFedA
7 = BF AA AFIAdA maHAHA
A7t o] FolAA s FAER 2dY Arrt 2 F= AUvk webA ol Aol
© AF3Ad FYANA F AEZS FHAIIE Aol aHRFHoIH. IF 89
UAe e 355 TFste 2513 2549 WA o AAYIE st
& A GARZ Aok BIEA WA ZAET ol
IF 89 WAE foste eEZo] Ao EIFHAUHE 2XE H7d=
U =7 HE=E OF 89 HAle & WAl S2d v oS FAS] A7 5o
oF & Aol =& FF AstFolA 2F 89 WA A4 24 EAE KL

o @A welsb Best

o
8]
>

>

oy

o

L
T,

o2
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!
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d
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H
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23 U - 9 dA B A
(1) 429 A

2 4= 3] (Japan Water Works Association, JWWA)S] A& 7] o] FH v of A =] 3
—

1999 @ = Fhof] o3t AENA HExZ FFo| WAl & Algl7F Rud AL 19513 1
W A (i E ) AZFE (TANA A ola, 1§, Y7FARI Al (i) $F - Al (FET) Sl
AN FFolWA A7t R FHJAT EAHOoZ A fE2Z FFo] WAr HAs

7] NZFF AL 6 - 70 (T (FEEM): 1969, A7Ful T (FHEH): 1973)0 S o)A WA
FHoltk JWWA, 1999). o] %, @ Aol o]277tA] 2t 7718 B FEAIGAdAME &
FoldAe] ¥l ¥ % 1 AANE Foll B3 A 7HA 2AE ke gk st
of dAdle 1= A2 iEH= Hojd HehA® Aol FFoldA e &
£ o] F Aot kA FF FAY FdLEsto] g M2 FFo] WAL LA
o 932 nuste A}%‘xﬂ b At o™, Tk v AU FFo] Al o] 2 9
WAl e H F7hstal e Aol Aotk 1996 d ] dE Ao A A g HE 2L
Aol o8t AL A& EFol B 3057) Tl AAZ REE o)) A
A AEZIQlelgal Az EojA = WAl I E B Qe Ao E et Eg LA
St WA F FFol WAz HAZIle] FH Al ATt AA B &2 70%0 D= A
o2 yetd F@ol Azt WA A Fao dREES AA e AOZ UERT
x3h), 24, A=, EA, =
9

5 GEE )N N E Fdte

A

Sol 9A o

)

)
“

f

g

o

@ Awolth
R 55 AZAE, AFA FFLAUT MBI AT FhEoA 9
W

A} 7}

rr
i13+)

&=

= %

o

Lo
oz
it

=
5

) vl=9] Al

1989 &7 AAH ot - @A) BAE Hrrsy] sl AWWACA w= 19 9
BE F8 A5 Aldd A& Buo] ZALE AAISHAT (Suffet et al, 1993). A&
A3 38870 Aa Al T 7870 A S Adterts AFE AL 17570 A xR, 22
U A 13570 A& Aot ARFE EFEA AFEIIAY T2 AldodA B& T
ALg St AT A Aol stH m= o FgAge] uh - dA EAY Fa Ade Fdd
Ao FHAE Fgol 46%, AHEE 2 5A7F 60%, 123 & EujAIL2E o] 5% E F



H&& AAS AT Table 2140] HHIAG S 45 F WAk #AY 2F F5L Uw
Wtk vl=e] AggeM AT Fo WA EAs dadAek FHA7E 44 S EA
o] 75%¢k 63%E AAsHA Fo WAE FAHAT
Table 2.14 The rate of odors encountered algaes
Blue-green Diatom Green Chrysophytes
Anabaena(46%) Asterionella(46%) Spirogyra(25%) Dinobryon(18%)
Aplannzomenoni(21%)  Synedra(20%) Scenedesnins(25%) Synura(14%)
Oscillatoria(16%) Cyclotella(16%) Pediastrum(20%) Ceratinm(12%)
Anacystis(16%) Tabellaria(16%) Staurastrum(16%) Luglena(11%)
Cylindrospermum(1%) Navicula(8%) Others(14%) Chlamydomonas(8%)
Stephanodiscus(8%) Peridinium(7%)
Others(16%)

(3) =W AtdE

THAAME HHSAA 19862 ol FHEH SBEF{FFT Anabuensd © HA 7L EAY 5
o FFA sH3ANXNE 19954 Anabaena macrospora?t WX st Fgo] WAZ <l
3 wgo] HASGAY BEs 952 AL E FEA AL dAE 93 10~209 F
AJELdEE 27/ HA A9 =2/FoiAt
EAMAY, FFolW)F geosmin, 2-MIBet H i Fal o HT E W 2E S
A7 dA FEELD BAAIFoZ = 2001 6€ ol geosmino] 89 ng/L, 20043 24
=9 #Ho] 3em 2003~2004'd F<F 3 TON ©]st7t 11% =2 8444

o g FAo] oHE WAl FEEHo] FE3] HAHIL At (*F, 2004).
19973 SE54TdAAALY drdol Ay vt HA B AQ] A A B ATE
H 954 FAY dss, dsts, dds, desAdsTd 2 E5 T 54 A

A F FEoA IS sl B2F Ambaenss 3tTAF EFAMT 3oy
o
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JJo
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A 7+

TON ¥ (AWWA standard method, 2150B)

(1) TON(Threshold Odor Number)

22

P

=

A
=n

X

(2-1)

I A8 2&7F 40C

ELS BRI

.

%ol 200 mL7} HEE A

HAl7E 8l

=

(<)

22 = 9

3T

ol

7}

Ak
=

Yol 25,

4 500mL

=

B = dA7F gle =9 F(ml)
| =3

A = A&7 (mL)

g} =9

3T

TON = (A+B)/A

4714,
A7 o]

Z}el
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s
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(2) FPA(Flavor Profile Analysis) Test
FPAE 2F, S8, d4F o dAS dAst7] et Ab&ats Welnt. o

W2 Carncross (1950) 5ol 9d|lA Mo 2 BAEJL, Al AHEFANA &5
H3 Qo (Jullinek, 1985; Jellinek, 1986; Caul, 1956; Mulaski, 1968). FPA+= Z F#d ¥
P ES AHEste Bt - @AY 24, FH A5 24 o weA L5t R

L
A7aAY F FAD Aol glolt AW YE APWOR obF Fuo

ol

r 4 o
r
MY o

R
i

130 E Ho] ity FPA wh3t A3 AAWHES Standard Methods for

2
Examination of water and wastewaterol] Z}4|3] 2™

ol lor, BAYHLE t&3
Zol PG, WA A5 B 5EAE 2AEY] f5te 4~5% 9 FHe gido)
293

283, Aae A Fol 2ASRE A9 %, WA 54 AT FAF 5 e
g2 stk B AEEe B8 gl AAYEL =S F RE AE50] 2
Agel B BHe & F AR WA £2F gAA EES 2
E Amo Ute EEFFL A
Ao} o zo] AFE AW & JE 2F AHe) AL A
of HERE AT fE OE 2R ASAAE & I 24
ARSn WA7L gl 8710 B g £ oA AAE £7]9 o
Mz AEEAC Wal7t HEAE Ssn ASHer et AdY GE 8712 1
dalor @k g Adel we Eehag ol STR
LR

ST
erlenmeyer flaskE A &3}, 25°C oA ol 3 W A" &= ALHA sL3

ofr

ground glass stoppers& 7}%l

Al AR of gttt WAl Y Bt A== Table 2,159 Zo] 12552 F&31H, o|d 8t
I A TFEAL VAFEY BEFASEE o) 83d FHNS & Q).
Table 2.15 Grade table of taste and odor
5 = 0 T 2 4 6 8 10 12
WAy ol % _ .
3t = oy Threshold . okt xm o RE O HFE A AT
BA YT =
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(3) 2-out-of-5 odor test (fLH —E )

forp s (e A, 2001)2 AA dEH o R 2F /Y AR Atold] W EE zpolH &
2Aste WA SARold. WA 5709 FeFAA(B00mL BE) ZhEH 27Hddle 29
Al & (test water)E U™ A] 37 o= Wl ZA] & (control water)E 27} 200mLY Y=t} o
F Ee AYFe] QAT EE At wet AT A dxAase de AE7 E F
Ao FEagol AFHIF A5 INGEE Friddd dFE AEs &, W
ZAEE 7t 2 F At ARV B0 5709 EetaAE 45T FExA 30E
A HSL INE 25 AN TR wet 278 374 aFeE EREH. wHeF 570
of Zeh2art AgsiA ERHAATE AEe A8 YA HEs g2gdes s
oulsty =AZ @AY Aol HE WA WAHEES o] &t HAMGT o] SAY
< Ot o E WS Hrtsted AH8E 7 S Ao R VdEed AA, A-A
A dFHor Ao AYgFo WA E EUHY st AHEE & U EA,
Aol et ABATL Al TR, B AE A4S B WA FAE H

A TS 7K A2 45T 9] 7Rk £ 2~10 ng/L =9 geosmino] &

2
1 |
AT w Hx2 FIA AL s FEEY geosming=7F 15 ng/Loll °]2W

TS EPAT A717] AAZD. Geosmin EAFT WS AP A5 FIHANE
geosming 15 ng/L &3kl e AT} vluste] AlR 9 WG EE F7tste
WHolth (et A, 2001). AFHH S WA, WFAE 200 mLE 500 mL A&t

o ¥i F&XxA 45CE 71€3 & AT EAAE 259 WAE T2 15 ng/L
geosmin®] WA S 1~3%7F A Tol HAE BAHSG. o] F 4

29 WAIE 22 tdF AR HANE dx A5 Hlalste] Z(greater

A& (less), = WAZF gl (not detected)T ] 7S WA Alge WANZEE Tets)
= WHeolt. o] WL geosmin WAHES A7 H3 dAAJ SH, dF W
geosmin Ao gt 27|74 K, geosmin AAE A3 M FAHe H7F, 281 FY9

A geosmin@ A o] F7 So AFRE = gl

~
~
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B8 EHESANA Moz FhHo 9, 47 e EAES 9 Jof AAER
W 35gel we AN 2 A Pe AFL o}F Fastth dnHoz §
of olgHm Y AA WY ¥ FAE vew 2o

(1) SPME(Solid Phase Micro Extraction)
SPMEW 2 AdA EFFo| methylsilicone®} #Zo] &Aool At Edo] A
fiberg ol&ste] 24tz ste 225 AUz ow FHXN & GCY FUTE §
o g3A7l= AlE AA ] WHolth SPMEQ sampling®@ ¥ S fiberE R 3 3t= 710]
= vbseo] AlEe] @3 vialg Hi Bt ¥ Jho|= s &ollA fiber7t EFE
liquid & headspace sampling $]X|ell LA o] F3sle] FE& e EEA T fiberA}
olel F& HFo] ojFojH FFo] IPHY fibere THA 7hol = Hli= 2 Eolzt
% vialE WA Y2t GColl A= injectord septaS ¥ SJ7FA 4 Hho) 2
injector W2 dol 2ls)A BAEAo| fiberol A Eg FAt}. fiberd F7F
g Edo FE0] A8 HE polydimethylsiloxand )= 79} 2]
FZo &) polyacrylate ¥ &3 &7 22 -OHZ|E 713 sl§E&Ee
carbowax”7} itk SPMES] 532 d¥ivto g I3 o] dyrz F&,
# 3l sample loss7k A o1 solventE AF§3FA] onz HA3zto] A7 =

Holgh, HEdA = ppting/L)IBEZE EEA Ao (Sh=r52 43 A, 2000).

m{n
o m

O (R TP
Y
i3
o
%
R}

off My oXx o,
<l
2 o L
[P
O e
fr lo

4 4
>,
o
o

:0.1_54
o
ok

lo

(2) CLSA(Closed-Loop Stripping Analysis)
e WA fFEEd 24 A 7HE gol AFSE A gley ng/LY v& £40°] 7tE

& 4 (nonpolar), LA F71&4(VOCs), 281 FHA

BE frdste SFES Z@sk7]l fa CLsAd Wid xFEstd s A s
CLsA9 dzle WA fdEds dfste AEs 23" &71HAA air stream 3 H
2 AT stripping(eF 2A17H) A1 71 Aeolth (Gorb et al, 1975). o|Wl f7]&EH2 714
FHE ZEdHo gAddEs Ffrsle

(carbondisulfide)t} CH>Clo(methyl chloride)oll @ 2A1A GCE o] &3l E2& A *é,
gaEFetth. o] W 54L& FHul&(eF 50,0008 7tA 7hE)el wEk ng/L7bA] EAe
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2] A 2

=] [e]
izal‘ﬁ'

o= Aolth. 13y SPEY SPME®] Hl ) Alg%k(%hﬂap_i 1L)% =
2 2A7ho] Bo] 28 dYE Tl Stk CLSA WHoZ WAl f
A FF @S5 H7hskd gF&o] S7HeA ¥ 0 (Hwang et al, 1984). &
a2 Fs W 34&S Blas] BE IPMP, geosmin. 2-MIB%
of 2uf o]} F7tste Ao g UEHH (Hwang et al, 1984).

dr e

]_
o 8%

[0
32

A7

ﬂ rulo e

o

(3) Purge and Trap Technique
284 NAE ol g3tel BAGRA e 58 U FH F]
B2 HABAA G Bol FHAZ F A DL ol &3he] GHAA
o]tk (APHA, AWWA and WPCF. 1990). ©] 71& <& sjFolA &34
%

[0
O
ro 2
oL oX

2
2

U
oX
-9,

Q
=
e
El
)
o~
rlo
ME
N
o
o
P~

€592 (Swinnerton and Linnenbom, 1967

~
<
—

=
© 3 EAEA Ed -did SErt *e Aol A& 7hEstth Purge & Trap 7
E& ol&d A FAS SEAe s A F H
Moser, 1976; Grob and Kaised, 1982). ¥4 S 9js] FHlH A g5 SIS 2] 93
A B A&7 ol F3tol EAEA Fotok ghrh. o] W FE Al e wHH
ZEE CLSARTH Holxtts B A% Stk 2H57F 39 A 89 NaCle o= 7138t
| xR 2A EalEo] A U F e fH geosmin®| U 2-MIBF 0] 9| F =

SRR

#a2d v S7HE AL g AT =57F 292 A 045 m w5 AAFA=R
ZHF BAES AN F &N =2 BHIT (Wylie, 1988).

(4) SDE(Steam Distillation Extraction)

o] W& oA . AFZW(Liquid-Liquid Extraction: LLE)e] & & 7 3F
olth. LLE WA= &5 5 FolA ¥a = U 525 789 FeiodA
2 o]FAl71=dl Hld) SDE ¥ &4 Zee EqUd 713 &E T4
skl Z1A el A HEA 7= R Z

= = A=) ol=2 ZEZ 3 P
2oy 249 W92 FY 4 9

<
N
ol
rE

4
2 o e
oo
=2
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rr
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jutny
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32,
2 1R

SDE {2 Nickerson et al. (1966)°] @ Fo] 3k FAe AHF o]&3sHom
Mallevialle et al. (1984)91 Bl ot WA FdEHY &4 Al SDE7F CLSAK. T
13 =7t o3 F43F2 vk E3F Richard (1984)= Chlorinated BenzeneZ} x| 3
i Utk SDEY| 542 CLSAES Bt J=v] CLSAR

AR
2 F A7 W2 WA 2 f71=e 24 HE W

=

Fol F5e A2
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¥ 4 gtk SDEE 4359 HAE e 124 3FE £ Ao CLsART 9 &3
Z o]t} (Mallevialle et al., 1984; Anselm et al.,, 1985a). # o= CLSA® 2} SDEY
gato] WA FLEZS EAs 1 It (Godefroot, 1982). SDEH S 3| wkAJo] vt
Ao FZdE &347F A

KN
=

ke
L

i

(5) LLE(Liquid-Liquid Extraction)

LLES] dele =3 & ZdHe &l E o] &t FFo &g A
MEo® FFA7E Zolth o] PHe AA AR N LARAL FHHD 33
71 93l AF g8 AlgEe wHold. 53] v 37K 5 (United States

Environmental Protection Agency: USEPA), = Al i< 7|7 (International Standards
Organization: ISO)¢} & o2 Yo FA4 REHHOZ 5, 03 WIS g3l

o
d=ES &

2 (Polycyclic Aromatic Hydrocarbons: PAHs) o 7hA ey drl-F A W
LG F71E 22 84 B4 =AY AL ZUEHPE S A9 o] WS ASEY
LLE= WHol esn 545 Ha 57 + ng/LollM mg/L A= w32 22
of AW 5 6l SAvel A4 24 shehA} ALSR. LLE e A7 g

~
ES

3tm £ F& W97t Wvke Aol Atk Wood et al. (1983)> & 1 Lol 35 mL9]

CH,CLE E£#3t geosmini} 2-MIBE 100 ng/L®¥ |71 A & 43t A th. Broenlee et al.

(1988)2 geosmin¥ 2-MIBS] F&o| ¢BtA LLES 7/H&3te] 2 Lo & 43 5 mLe]

hexane S ©]-§3} geosmin 59%, 2-MIB= 49.8% 7t A F&3t T}, oluf QA 7HE 2

A AERoen S A FE< 20 ng/L At

(6) SBSE(Stir Bar Sorptive Extraction)

L& AME3IA] @3 FZF 7/l A 2 PDMS(polydimethylsiloxane) & A& th= H
4 SPME¢} A g vl Z®E PDMS o] SPME 9 fiberdl= 0.5
ZEHo] Qe Ao vl SBSE & x| mutut(bar)olE 50~300um7t A ZE E o] lo]
ZE7F 100~1,0008] = F7EstA HAT. A2 WHe dFZF] ANEE SPMER
vialo] &£# g & PDMS7F & ¥ wyt 2o & ARSste] Az St wHkAlA Fo
24 Az e 2E4S A
Ao AXE FUFAA F2Fd EHE 1202 gFAA GC/MSDE injection & 7|
stozy BAHE AHASA 5= Aotk Sandra et al. (2000)9] AFZ I o] w=ZH 60

mLe A E S AMESte] THWIEAR d3lra s 4SS AAIF 27 SBSEAd A=
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(2) ¥7](Aeration)

Burlingame and Dann. (1986)2 WA =% o= AT Aol e F71=9
dFolmE YREA ] VOCs(volatile organic compounds)Al A<} 2 Wi o= g d
& Atta By gtk 184 geosmin, 2-MIB, IPMP, IBMPS % 22 WAl &4
2 dWA <l 97188 (Air stripping)dll A= A A& E0] 10%°]3t=2 ofF A YEY

107w

2 s
E AeE HuHa JEd ot g7d 93 AAE dvrFoZ Henry A7}
& B4 a744<ld ¥l geosmino|y 2-MIBZS WA fFEEHAE2S

Henry 447} 10°m' atm/mol®] ¥ o]7] W&o &7]o] 23 AALEL
Ao 2 YEth (Lalezary et al, 1984). WA X 7| 33l5ae A A a744A A
o=z d#HA Jde=dH, o= H:S9 Henry's A4 #ol 102m'  atm/molZ
trichloroethylene(TCE)RHE $'&A o]l Slof A 2715 7] ot

Lalezary et al. (1984)2 geosmin, 2-MIB, IPMP, IBMP, TCA & 57} & WA f&
E Ao sl stripping 2dS AAsAEH, T 23, TCAS Henry 244 E 2.88 x 10
m’ atm/mole® stripping® 2 A7t ol= HA® st oy YA E24E Henry's
A4 kol 10° m” atm/mole Tt AR Zol stripping e Ml T &
Table 2.16°1 HA} FEEH 559 Henrys 4 = YEH Itk Kavanaugh et al.
(1980)2 A7 Aol LS = o ZEjel WA fFEEde VOCse dF el
EZ A stripping2 2 A 7hsd AL F3] AgE Uve HuE & 6k 3l
o

Table 2.16 Henry’s coefficient of odorous compounds

Compound H’(m® - atm/mole)
Chloroform 328 x 107°
2-Isopropyl-3-msthoxypyrazine(IPMP) 6.66 x 107°
2-Isobutyl-3-msthoxypyrazine(IBMP) 4.68 x 107°
2,4,6-Trichloroanisole(TCA) 2.88 x 107*
Geosmin 6.66 x 107°
2-Methylisoborneol(2-MIB) 5.76 x 107°
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Fae P, EEA, fragrant, swampy$t 22 2] 7HA §F71ES ASA D F 3
o a2y diae FFY dAsoldt oE f7IEEH WS-8t chlorophenol ¥t
22 medicinal §AE TAANY. G4 Uty o =z gl WAE

2behA kg At A gk 53] geosmin ¥ 2-MIBS] A4S Al A BE&L2 ofF Ytk
(Pirbazari et al.,, 1993). 53 chloramine®l &J3A = vl E] 93] LAst= YHEH
of anH o= A HA Fe e R delA Aok oW AW Y swampy @AY &}
A9 AAE AN E 2 mg/LY FreldiolA 142 AFAzbe] Besirha sgivk
(Krasner et al., 1986; Wajon et al.,, 1985). Chloramine® & A%
&3t wFaGAA d& WA FAE AT =Y F e 79
el Aol A o] dAlg AHEHAL T #F28 94+= monochloraminee] Hlsj wj-¢-
22 threshold odor 35 7}A 2 Qo] A&H|A7} chloramine %9 °F 1/23 %2 &

T AHFAE BAE AT 5 Aot Table 2179 Q& A9 2Fo 93 dA A

RS
SRS

]

3l A T daxgel 93 A A4S YEtlAo JWWA, 1999).

o] 2tsl A Ao AME2 o4kt fall FAF=ESQI chlorite$} chlorated] g o2
FE JAEIIES HEAZE F7F AT HA ARl SUHE Ao w o En. o4k d
A Gavt sAlE F e BE S A ¢ 2109 H, medicinal WAY ¥4 S

< F Ut 28 Y o]itsld A= geosmind 2-MIB2] A& % AstAIZ A A3}

LU=
29

FwoA g dH A Aot (Pirbazari et al, 1993).

Table 2.17 Cl, dosages to control the musty and fishy(cases)

Cl; (mg/L) Phormidium Oscillatoria Anabaena Uroglena
10 21 15 11
10~30 16 23 7 3
30~60 1 1 1
60~100 2 2




o]

3 vl

olox

=

o] H A

[e]

i

N

j—

To
4

Phormidium, Anebaena, Oscillatoria 5 ©|

t JWWA, 1999).

Uroglenal A= A

1,
7V ¥k Anabeana 73

7

Phormidium, Oscillator:
ek

L
pu

)
g 27 oEa A

L

pu

o
R
=

—_
o

o A A=

WE
N

o
ﬁo
O

Bji]
o

Qael £

o oI5l £

(e]
Elasy

3} 9]

)

R
B

2]

o AA

stipelth. 2 F,

=9

A

il

1

o

—_
o

w

o

A S

H A
o o
FE 9 geosmin®] 4 2-MIB £}

(Pirbazari et al., 1993).

o] At&}A

=
=

ol t}

L

pu

23} A

shol wol A8 ek 2y

[

_36_

B Arste 4 B vl 8ol A

=
1

=
S

KX
L



LEOs)S 7 AT A A FY FUERAM HZ da A5FAEY Aol A
A LEFAGY AMEo]l TSt Ao LS AY EE FRY WA AL EEAS 294
o2 ZstAlZ 4 ok OH radicale] FA4EHE =2 pH £olA &2 geosmin¥
2-MIBS AF8hA] 710l 9 A & vk L&A FAEEE dutA o A olA

WEHAE e e EA#F9 aldehyde$}t ketones o] UTH.
Suffet et al. (1986)2] AT A8 23t 102 HEZA NN & &

27 mg/L TRz WAZE 433 gastdnh 22y AE s oF A oA A
2o] #d HA(fruity odor)7} TS A=, olH T Hd |

Fo oM E AAZE ZF HA FATH HIZoE oYt LFE TdE T G S B
st7] flete] anFAsF Y (AOPs)ol =HHO BWe] AREE I k. AOPs(Advanced
Oxidation Process)© FF A& olA 7} &3k 4F3} A<l OH radical A& 4 s}s}
© AeAle] 2o ® FAHET. LEF Ao £9EQ) peroxone TS B 9

stA A7 "Hlar A EE dAEAS AsAd F 3l

2521 L& Bg WAYZ

LEL 3N a9V} 1A Ao FBWFEE AFE FHE EAGFAT 2
o] A7t & w AAEE OH e A3 438 s 7IAA dg. 2&& 9
B BRI E&oA kRS REgoZ sty A& A ENkeS dov|H,

L S Begl ol FAHel 93 LEo] AxE E
H9 & Qe SHS A7 gEolthomteka A ME v E byt FBey
0% 242 PISEs} WAt eEe £FAA /A% APHoz WA
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DIRECT OXIDATION SUBSTRATE
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&S FE JdAE pH, 2%, 4E, 715 TF 2 2F FUF Solu o0& Ea P
Ao dFE AR FIdves AFRIE vk 2F pHE /M $2F A F9 3
tolr, &F& pH Ao we} f71E&3% - HPHer BeE s {F71E AA
o FFS VG

dtzow ¢F BEAEL Fig 233 Zol 4 7HAS ¥¥Tx FHE 2IY F
Atk olgg e FHTEE T = W LT A=A, AAAA B IAFFA=Z
A& AES ¢ F A olHT Al 7HA FH eEQ W2 FAHOE {7
Sl SHHAAL Q= G5 2ol AW¥E 5 ATk (Bailey, 1978).

/ Cj\o O/ O\o O/O\ o/ O\

Fig. 2.3. Resonance hybrid of the four canonical forms in ozone molecules.

188t 7} W& (cyclo addition reaction, criegee mechanism)> 2E9] XA +

z9 AHREA & BAT TIHA ¥ bond(alz])ol 1-3 =2 g (dipolar
cyclo)7} # 7= o] Fig. 249 2] 12 ozonide(1)S FAIH. aglx E3 2

%4 ol

rlo

protonic §-wjoll A ©] 12 ozonide® carbonyl A& (aldehyde or ketone)¥} <
(M2 #3532 YAl carbonyl 3t&EFH H0,2 #3315 += hydroxy-hydroper
oxide(Ill) ©A 2 w274 133},
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primary ozonide

Zwittertion

N

H,O + RCOOH

H,O, + RCHO

Fig. 2.4. Dipolar structure of ozone and cyclo addition reaction.

]

@.

—

3

A A} W3- (electrophilic reaction)S &

i

AAFARN 1FO

o))
U

1+

7

Hlo

ojdt}t, OH, NH,

]

[e]

How

A QAT AT

1=
o

742

3} ¢HE S parast ortho fX|dl Ue GroA FALET}F Fof &

=
=

e
o
oy
o

X

o=

=
5

A A58

S
.

R

HiHo] -COOH, -NO,

7ol W Atk

°
s

E3}o]

ﬂ_mo
o
~o

)

i
M.

A3 AAFAA 2

o)

o] & meta XN SHHOZ

2 Uehl® Fig. 259 2t}

o|

B

X

| ortho ¥ para 9o 7|2

93]

o ¢

qH G 5472

g0l Qojutr] 4.

B

FHEH.

o]

1]
=

carbonyl

opening Wi ol

o

0

xX
O

el
ot
=)
M-
o

I

carboxyl7] & 7}3 =

_40_



0. 0
N_/
T 0
o
D §O- D D
oo OH
N
_02
H  and 2 and
+ + + +
gb
H oo

OH

Fig. 2.5. Electrophilic reaction of ozone.

& Hk-E-(nucleophilic reaction)2 F3}EolY olHlF Zo] JAAA A& 713 3
FES AALE Z2FHE FES 7HAL deH, ol AAAH FA A AA

ZPAog Yeun A5 8A 28S 2E @ady Fz wedT mey oF
=]

2522 SE/ANFSF A WS YIS

L FU A A= AASHAAN AR QEF A ot HPAHog AAL
T A= A H 7% =Z(Direct reaction pathway)?t OH radicalel &3t 3= <= 1HH7
& (Indirect reaction pathway)® FEH® {7152 o] F 7FA FEd o A AHA
o gt eES FAYCd $8F B AgFd LTEAS} wEsAol A &4
ol Bol AU APAE st NP F UrF Fha, LH=EH 2EL
Whgo] iAoz =d A9 HH A2 548 A8 OH radicald] A4S F7H4

H
A== sFAL Aojste o] AEAolt ogA OH Hgel 43

2 4+ o
Batel 9Ee BHE HASE WHoE 0Fo] AANOR BURSA, UVES
23 e AASES 08 AL 5 e Wyl Yed o PHe 29 T
F4E8l A 2] ¥4 (Advanced Oxidation Process: AOPs) ©|gtx dZHom LETS ALE
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g A¢= pHe W3le] welA OH radical Aol @A ERE QETNOZE AOPs9
95 &5 F o

AOPs?] T532 AF FAT AsA=ZRH Agass 7Idstr] Roe $EE
2 A73¥ OH radical?] 7HHAFstel] ofE3 W oln], AOPs H3ts 4ol HTHR=
OH radical®] AR ZFS FuistAA s E Fdistste Aol L& A
AL&d F e AOPY FTHEE ozon/pH AOP, ozon/hydrogen peroxide AOP,
ozon/UV AOP ¥H Fol dem HI f& % vFoA dEAA F71& AZE 9
g 1=HYreEA &EeA Z8&EH7] AlFsta Ao 2E/F4EE a4 (0s/H00)
AOPo| 93t /=A< oz A4 2 /7|5 AA mechanism Fig. 2.63 o]
H,0,¢ &4 7] (Conjugate base)?] HO, 7} &S &3l3t= initiator2 2-&3te] F4F
7| OH)E T =24 &S Edlstd OH gy AT § JojA & d53%
Aol Hlsted OH o zs S3AZE 5 SUA doh

Fig. 2.69] net equation®] YJEIW AR <] 0:9 H,O, W8S %3 OH gtizd Aol
gk #A= A (2-22)2 e

L
T8

fx

H,O, + 205 — 20H - + 30; (2-2)

] gEE2Ae] W2 2 mol® 2EF 1 mol® H,O,7F %¥H&-3te] 2 mol®] OH
tzo] AAHE Aow FaAH Atk 2dY 0.9 H0,¢ HAD TS nHdd
W ohg ¥ 2 AREEo] A oo gt

D O3 H0ET AFdsed /8 #7154 2 R FEEH wgdol o
Aok gAY Aol vEd G EA O FUY Eue o B 49
Os7F 2R ", 28y Fig. 2.6 UElY %] 2 (2-3)0 wepr #A =

Y& OH - & A F(scavenging) Al7171%= St}

O3 + OH+ — HO;- -+ O, (2-3)

A F9¥E HO0:= Fig. 2601 Wey o] 2 (2-4)¢ 4 (2-5)0l whehA
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OH - + HO, — HO, - + OH (2-4)

wetA, Ba ol HsFs FHL 2308 F71E AAd JEHE {2 F
= 7 mEe A AFFAFe LEH} AsFLE o] 8T AOP TS HETY A
- H-G &/ A8 A FUHE 2A S HHY THAERUE EE8Fof
Initiation  : ‘ H,O, < H'+HO, pKa=11.8 ‘

¥
| O4+HO;, — Oy - + HO - |
- l o HO, - —H'+Oy -
Propagation : Os - +H'—>HO; - Q; - +05—>05 - +O,
v
HO3+ — OH : +O, O; - +H'—>HO; -
HO;3; - —OH - +0O,

Net Equation

20;+H,0,—20H - +30, OH - +HCO3—H,0+COs3" -

OH < +COs"—>OH+CO; -

OH Radical Scavenging

OH - +O3—HO, - +H,O

OH + +M—Product

OH - +H,O,—HO; - +H;O

OH - +Si—Product

OH : +HO; —0O7 - +H20

CO3 + +H,O,—HO, - +HCOs

Fig. 2.6. Scheme showing the sequence of ozone decomposition and OH radical
formation by Peroxone AOP.
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253 4 FF

g /d e (activated carbon) &322 4o FH o wat 22U LA H(PAC: Powdered
Activated Carbon)@} 14 & 48 (GAC: Granular Activated Carbon)©. 2 EFHT} £
oy 9 FEle gL w2 FAY AN HAE Aested dEHe=

ARG E et WA EES B9 e ¥AYe e as dE2A FFe =

%)
A WAl FREAS AASe TAoY. BAY e dA 22 T7, 24
gel 54, 5o £¥E U= Ado wet FFsHol 27 Wi 74 A
HE Agdzds 24l o

PACE A ALgMo Ry Quraon 50 A5 FYuol AsAY P4 F
Aol whgol dojupl Bk ole @ AL WA 8 FA5 &4 glo] FAw
B 3l »

229 wgol A Aol 37 9l

_Lt
£
=
0
O
<
E.
¢
[V}
5
2
W
£
=
[¢)
&

1984).

GAC A& dwbAoa FH/AHAEY T AHSEHE TRt GACE AHA =
o} 29 oA (filter adsorber) WAl ARESEALL A o} o] o A (post
adsorber)dll AH& = & At A8 AFAELS PACE GAC ¥HF S Ao A= FARF
2] Hl&& PACTE Astrhal atqieh. dtx o' WAy Ao Aol 53 A7l
HEE 4d5o= PACY 88k o83 EAl7F dF dH54 oz 2AHE RAM=
GAC7} Bt AA Hela gapaolet e e GACS PACE A9 B& $79 4
A FEEZE AAY & Joy, dA AH= 2L vl HA = Ad3AE A

b

of ZA Aot A = Aol B3 2AAG 23S EHsd GACE

H =420 A 25 Ago] a4 AeE BeA itk (AWWARF, 1987). =
F7F AstA WAsta st HElgrt 9 Ceder Rapids A9 musty-moldy ¥
NER HgolMe d7Z23 PACY KMnOE ¥ 33 A 2lol A TON(Threshold Odor
Number) 200~4009] musty-moldy @ & TON 5~72 &A= AU (Cherry,
1962). ¥tk KMnOs9t PACE F43t7] dell daAdE st 238 dA7E 5715
%At Hansen (1972) v]=F Mt. Clemens ZF3 oA F3Zo] HAE G2 A A
st =dH GACZ PACHR T gxA o8} 3924, Yagie et al. (1983)2> Y& H|o} 5 9
ZF 93] FEE= 2-MIB ¥ geosmin A A PAC7}F GACET tti 4ol
AxE Busta ok 25 mg/L PACE 2-MIBE 116 ng/Loll A 45 ng/L7}A] 243
i, 10 mg/L GACE geosmine 20 ng/LelA] 10 ng/LE 743tk & Hansen
(1972) and Yagie et al. (1983)2] 79 #o] GACS PACY a2 &S dEH = v}
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71 W @Al wgt GAC 52 PACE AH&3dte o] nhgr4 sttt

PG Aol SR vz AR wet AAWEH FA#Y, Adas
ol H "d2v. mTiMe oA#RAe P diid GACE AHEstE GAC
Filter-Adsorber® & ©]&3tH, ol e WA 22U 7|8 54 vF F71es
A7) Y3 EFHo=z o3 & GAC TowersS HEE X 293= Post-Filter
Adsorberg ©]&3ti ot (AWWARF: American Water Works Association Research
Foundation, P28 3] 7| dF A, 1987).

WA e A A o] &HE GACY #8 & BE 1~-59% AT & doy A
A dA fFEEde] FHY vx, FF Wa=Zd wet #%¥e Aojrb Ao
(AWWAREF, 1987). GACE A3t e
o] Qg & XA ZF(Exhausted Time) A4 9] =&t WA &2 8% JFEA
&8, Fdasu FEFod g WA fFE=2 o] FEE monitoting W o] v H
A &L Holth. 4" WAHAZE &7] A% AXEE 82 E7HIodine number), ZXE

7] Y% (Apparent density), 4 E Al A A &HAIZL Fo] o]&HI AT},

dEANAM R o HAl F&ll A T EZEAHE Aol o3 S Table
2189 YEIN AT JWWA: Japan Water Works Association, 1999). HZFHA|7H&
Phormidium, Oscillatoria, Anabaena, Uroglena B5 10~60% ) AWt Anebaena= 30~ 604
o2 HuAd 7 HEALE VIR w3, A BEJARL Phommidium, Oscillatorise

10~30 mg/L7} 90%E 2R St Anabaena, Uroglens= 10 mg/Lo]st7t &3kt

Table 2.18 The contact time of PAC to control the musty and fishy(cases)

Contact time (min) Plormidium Oscillatoria Anabaena Uroglena
10 1 4
10~30 11 12 8 7
30~60 17 16 6
60~90 4 5 1
110~140 6 6 2
140~170 2 2

_45_



.EH
K
o
oy
__A~|
olm
o)
gmy

el

x
B

3

E4 o

=13
=

Freundlich 22l o] WA}

o2 @o] AlEF 1 Y. Table 219 7+

W

o))
s
<
te]
| 0
N

o

b

7

=

&

o 7%

Yebg el (Suffet and

KN
=

Freundlich <+ 3k

ki3

S0 o
bol o8 WA A

3

]

I
=&

13
o}

7ol A organoleptic 3}

Eable, 1995). ©]

SEAS 90% o’ AA

s}

=13
=

£E o8

_46_



Table 2.19 Isotherm data for known organoleptic compounds

or Carbon MESh Water Concentration Eg;tl;l gﬁsca
Compound | C, Tupe Size(U Type Ke | I Range, m . Reference
ngt| s | || 8
ime | mg/L
Geosmin - | 4 |PAC
Earthy- Aqua N/A |Pure 058 [ 0.71 0.005-0.1 3h | 41 |Lalezary, Pirbazari, and McGuire,
Musty Nuchar N/A |Pure 135 1039 | 00522 5d | 0.04 |(1986)
Taste and WPH N/A |Pure 019 |08 | 0009005 | 5d Lalezary, Pirbazari, and McGuire,
Odor WPH (1986)
GAC 40x50 |DDW 418 | 093 0.1-5.0 4d Lalezary, Pirbazari, and McGuire,
F-200 40x50 (DDW + 044 [115| 10100 4d (1986)
F-200 10mg/L
humics Herzing, Snoeyink, and Wood,
40x50 |DDW + 022|127 | 20100 4d (1977)
E-200 40mg/L Herzing, Snoeyink, and Wood,
humics (1977)
GAC 100x20 |DDW + 136 [116 | 00202 7d
F-400 0 | 10mg/L |106 | 11| 0.02:0.07 7d Herzing, Snoeyink, and Wood,
F-400 humics (1977)
Lalezary, Pirbazari, and McGuire,
(1986)
Lalezary, Pirbazari, and McGuire,
(1986)
PAC
NA N/A . [Pure + 456 (0.282 3d M. R Graham et al., (2000)
geosmin
NA N/A |Pure + 25.6 0402 3d M. R. Graham et al., (2000)
geosmin
+ 2-MIB
pH=59
NA N/A |Pure + 924 10328 3d M. R Graham et al., (2000)
geosmin
+ 2-MIB
pH=8.0

OTC is the odor threshold concentration.

N/A = not applicable
Pure = organic pure water, DDW = distilled deionized water, WW = well water, NA = not available,
GW = groundwater, MDW = mineralized distilled water, SW = surface water.

K¢ and 1/n are Freundlich coefficients when Q is in mg and Ce is in mg/L
PAC doses: quantity of PAC to adsorb 90 % of an initial concentration.
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Table 2.19 Isotherm data for known organoleptic compounds(continued)

Orc Gbon | Mo | Witer Concentrtion quuili gfsacg
Compound | , . K | | Range,  |brium Reference
ngll Type | Size(US) | Type ugll Time | ©
mg/L
2-Methyl- 9 |PAC
isobormeol Aqua N/A  |Pure 0119052 000102 | 3tr | 83 |Lalezary, Pirbazari, and MGuire, (1986)
(MB) - Nuchar N/A  |Pure 508 | 05| 0046 5d | 018 |Lalezary, Pirbezar, and McGuire, (1986)
Earthy-Msty WPH N/A  |Pure 1693|165| 001004 | 5d Lalezary, Pirbezari, and McGuire, (1986)
Taste and WPH
odor GAC 4060 |DDW | 09 |0%R| 0270 4d Herzing, Snoeyink, and Wood, (1977)
E20 4050 | WW 041 | 046| 1040 4d Herzing, Snoeyink, and Wood, (1977)
E20 4060 |DDW+ | 041 |0 0720 4d Herzing, Snoeyink, and Wood, (1977)
E20 100200 | 10mg/L
humics
100200 (DDW.| 172 | 054| 0212 7d Chudyk et al, (197)
Bituminous
B 10020 |DDW - | 3191 05| 0110 7d Chudyk et al, (1979)
Bituminous
Bl DDW+ | 25 |0%| 0410 7d Chudyk et al., (1979)
Bituminous | 100200 | 10mg/L
Bl humics
GAC 100200 |[DDW | 190 | 2 | 003006 7d Lalezary, Pirbazari, and McGuire, (1986)
F400 100200 |DDW + | 402 | 08| 00304 7d Lalezary, Pirbezari, and McGuire, (1986)
F4) 0my/L
humics
GAC
F400 100200 [DDW | 725 | 09| 00309 14d Pirbazari et-al, (1999)
F400 100200 {DDW + | 303 | 067| © 0B5 2d Pirbazari et al, (1999)
10mg/L
humics
GAC
Bituminous | N/A  |Pue 723 | 064 280 120hr G Qen et al, (199)
Peat N/A  |Pure 275 | 089 570 120hr G Ghen et al, (199)
Lignite N/A  |Pure 249 | 072 670 120hr G Ghen et al, (199)
Wood N/A  |Pure 88 |07 100 120hr G Gen et al, (199)
Bituminous | N/A  |SW 158 | 033 301000 | 120hr G Qen et al, (199)
Lignite N/A |SW 125021 1001000 | 120hr G Chen et al, (199)

OTC is the odor threshold concentration.
N/A = not applicable

Pure =

organic pure water, DDW = distilled deionized water, WW = well water, NA = not available,

GW = groundwater, MDW = mineralized distilled water, SW = surface water.
K¢ and 1/n are Freundlich coefficients when Q is in mg and Ce is in mg/L
PAC doses: quantity of PAC to adsorb 90 % of an initial concentration.
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Table 2.19 Isotherm data for known organoleptic compounds(continued)

2-Methyl- PAC
isobormeol Gecarbon | N/A |SW 413 [03% 4 Thomes ET. Glllogly et al, (199)
(MB) - WPH NA |SW 352 (039 dhr Thomes ET. Glllogly et al, (199)
Earthy-Misty NA |SW 249 10341 dhr Thomes ET. Glllogly et al, (199)
Taste and Hydrodarco | N/A  |SW 250 (0216 dhr Thomes ET. Gillogly et al, (199)
odor B NA |SW 220 (0418 dhr Thomes ET. Glllogly et al, (199)
Watercarb
Nuchar
SA0 N/A |Puwe + |363 0118 3d M R Guaham et al, (2000)
geosmin
PAC N/A  |Pure + | 183 |0.266 3d M R Guaham et al, (2000)
NA geosmin
+2MB
NA pHED9
N/A  |Pure +| 141 |0481 3d M R Guaham et al, (2000)
geosmin
+2MB
NA pHE0
N/A  |Pure 211910492 Tweek Detlef R U Knappe et al., (199)
PAC
Watercarb
2sopropyl-3- PAC
methoxy- Aqua N/A  |Pure 021 [0%| 0001001 | 5d | 54 |Lalezary, Pirbezari, and MeGuire, (1980)
pymzine Nucher N/A  |Pure 0065|021| 0011008 | 3hr | 338 |Lalezary, Pitbezar, and MeGuire, (1986)
(IPMP) - Aqua N/A _ [Pure 0284|083 0003001 | 3hr | 145 |lalezary, Pirbezari, and MeGuire, (1986)
ExthyMsty | | Nk
Test and WPH
Qdor
2sobutyl-3- PAC
methoxy- Aqua N/A  |Pure 094 |078| 0001-0007 | 5d | 35 |Lalezary, Pirbezari, and MeGuire, (1980)
pymzine Nucher N/A  |Pure 0211|069 0003001 | 3hr | 102 |Lalezary, Pirbezari, and MeGuire, (1986)
(IPMP) - WPH
Eathy Mty
Tast and
Qdor
236-Trichloro- PAC
anisole Aqua N/A  |Pure 1789|153 0001002 | 51 | 06 |Lalezary, Pirbezari, and McGuire, (1986)
TCA) - Nucher N/A  |Pure 0983|0%| 000170006 | 3hr | 80 |Lalezary, Pirbezari, and McGuire, (1986)
Earthy-Msty WPH
Teste and
Qdor
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Table 2.20 Composition of chemisorption and physisorption

Category Chemisorption Physisorption
Force of molecules Chemical bond Van der Waals interaction
Reaction rate Slow Fast
Electron Transfer No transfer
Heat of adsorption High(~100 kJ/mol) Low(~20 kJ/mol)
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Fig. 2.11. Theoratical breakthrough curve for TOC removal by granular activated
carbon.
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HEAE S etk g3 M Ao Zo A (bed volumeo] AR wf), AFF5
gtk o] A HoA o] &H bed volume?] ZF7io] Wd AATEL

=3
=
ARFY (@ + st 2o AR B 10~(@ + 2 FHol7} gtk WMF bE A%

R
o
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Aol Aol fleld 71 F2% AAE E3 EBCT(Empty Bed
3]

£
Contact Time: FHAFAIZ) 2} F8st= HF Aot d¥bz o g EBCTE 4 (2-14)
1

EBCT = L e (2-14)
&
L L
_ Lpw _ Bed oo 215
£BCT QA approach velocity ( )

05 Aotk EBCTE TRl 2433 4%
FAS o Fol AANA AFE G A A O] (critical d a
24 EBCTE ZFsloF gt} EBCT7} S7keh¥ HJExo F3d &4
life)# &2 7] 3} (service time)o] Zojd Ao, B & o].8 & (carbon usage rate)> =
o5 Aol A& 5, Fig. 212 (a) Zolol s

H A,
ol7b S kel wet ZE o] VIRl o] SA2-F IS Aeln o] 4L dwty
Q2
[<)

S

epth

= ARE A9 ) &48e] WEEo] TS UeW L o
7ol wet 24 99 29" FHAHE #U1EY 2% Sk H. 0
@A F3AE o] A7FA 9 bed volumed HWE 713 Aolt).

44 F2st3 Fet& oA EBCTY bed Zol9 57 A vl o s

Atk (Wiesner et al., 1987). A&Z 27 B A2 FE27F AR wpg} 140§

rr
re

a

B>

Z 7138, &4 ' ©]8 & (carbon usage rate)?} | ¥l = (replacement frequency)”} 7
ol wet FABY = o wepA HFH oy HFAE Tk Aol A
J EFEAE BT Aoy

T
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Fig. 2.12. Bed depth-service time and percent exhaustion at breakthrough versus

depth.
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AABZ AU AHIE Hsfof et
AAs=H ol &dTd g Al A
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A 3ZAIAE R DY

=

31 YA F2EZo BX(SBSE/GC-MSD)

“
311 =52 2 X4
2 oAYd A8 WA $2E2de J5red BEd o WA §22d 5302

geosmin, 2-MIB(2-Methylisoborneol), TCA(2,4,6-Trichloroanisole), IBMP(2-Isobutyl-
3-methoxypyrazine), IPMP(2-Isopropyl-3-methoxypyrazine)o]™, o] EZEL W
EF3 AgFet FxF R LF 52H, TE2FY HAEE 2 ZadEd o)
FEAAs A EA2A FHAS} Fdo] HAE FEIG. olE A =2
EAXE Table 3.1°1 YeiAT (Kim, 1995). HA| FLEA EHS 93}
MIB®} geosmine ¥ WakoAte] &% 99%, % 0.1 mg/mLe FHAAFELE XF

Ae g3 4o, TCA, IBMP, IPMPE SupelcoAl®] «& 99.9%, 5 0.1

o

o
T
9
2-
&

o 1=

Aol A FAFE =49 454 R wly A A, 2 o] dFE

300 m’/day F#2E H4 A@ ste pilot-plante] FF AFe HF AdFEH

7)ol WA FREZDS spikingdte] 2 FEZ FAH US A7 ALY
3

Table 3.20] A& Al4"d A8S9 AAS JER T

312 AX ALY 2 4=

SBSE(MPS2, MultiPurpose Sampler, GERSTEL GmBH) &% & ©| &3 A8 9 HA g
&A 2 Fig. 3.1 UEhATh olw AR E oA & wukebo)(Twister ", Gerstel,
Germany)© glassol 50~300 xL2] PDMS(polydimethylsiloxane)7} &= o], of A <]
7~100 109 PDMS7} Z8 " wyatetdie] vls] =71 100~100008 A= =718 nwket
HE A& AT (Fig 32). A8 HAEE 913t WA A8 10 mLE SPME® 20
mL vialdl]l # 3% Zo] 10 mm, ¥4 3.2 mm
0% T IHANA FHAHAES FEAATG. F
d 23T golA FHEH Jd RAAES
(Gerster GmBH)& o] §3}o] 280C ol A 3% &<t AA AT
GC =% (injector)dll A X5 Q)= CIS4 PTV(Gerstel, Germany)oll A A d Ao <]
3 -120C2 SFHol Ayt YAl GC-MSDE FHHO E4HEE At
GC-MSD¢] ¥4 Z21& Table 339 e ATt
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Table 3.1 Characteristics of odorous compounds

CAS-No. OTC
Compound Structure ~ Formular M.W. Nomenclature Smelling
(log P) (ng/L)
T trans-1,10-
Geosmin 19700211 [ ) CoHnO 1823 dimethyl- y  Farthy
iy Musty
trans-9-decanol
HOL o . Earthy
2MIB 2371428 % CaHnO 1683 2 methyliso 9 Musty
borneol
camphorous
TCA 87-40-1 E? GHiCRO! 2115 2SIkl
anisole
1 2-isopropyl- Earthy
IPMP 25773:40-4 Ef CsHpON, 1522+ 3-methoxy 2 Musty
b pyrazine potato bin
;N 2-isobutyl- Earthy
IBMP 24683-00-9 [\N | Lo GoHuON, - 166.2 3-methoxy 2 Musty
o pyrazine bell pepper
¥ OTC is the odor threshold concentration
Table 3.2 The characteristics of sample waters used in this study
Item Raw Water Post O3 Water Tap Water
DOC (mg/L) 3.38 0.99 0.82
UV-254 (em™) 0.0702 0.012 0.009
Temp. () 15 15 14
Turbidity — (NTU) 9.8 0.11 0.09
Alkalinity (mg/L CaCO3) 61 - 47
pH () 8.2 7.1 7.0
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Prepare Sample 10mL : adjust to pH

2

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

v

Stir Bar Dry

\2

Desorption : 2807, 3min(TDU system)

\ 4

Cooling: -120C(CIS 4 PTV)

\%

GC/MS injection : 300C

Fig. 3.1. The schematic diagram of SBSE method.

| P PDMS

I

Magnet
P Mag

Fig. 3.2. Stir bar(Twister).
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Table 3.3 Analysis conditions of GC-MSD

Item

Condition

Column

Inlets

Carrier gas
Injection port temp

Transfer line temp

Oven temp program

Post run

Run Time

SIM mode
(Solvent delay :
5.0min)

HP-5MS(Cross-linked 5% phenylmethylsiloxane)

Solvent vent mode
He at 1.0m{/min
280°C

300C

initial temp initial time  rate

(C) (min) (C /min)
50 1.57 20
10
5
300C, b5min
17min
Group Start time(min)
Groupl.(IPMP) 5.0
Group2.(IBMP,2-MIB) 7.0
Group3.(TCA) 8.5
Group4.(Geosmin) 10.0

final temp final time
(c) (min)
100 0.0
140 0.0
160 0.0

Selected ITons, m/z
(137, 152)
(124, 151, 95, 108)
(195, 210)
(111,112,125)
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WA FEEE 559 3F S (recovery)HAS et AFEANAM= 5~50 ng/L M
HAelA 20 ng/LEH=E EA43te] ATFA(calibration curve)sS A3 o™, F T
A& 100~500 ng/L E 9ol A 50~100 ng/L @92 £t AFAE FA4sAT &
A FEEA olee & f7E A& Wit gle &FdAY I+
A3l 0.1 mg/mLY EFENE syringes ©|&3ted =5l spikingst
250 ng/LZ 3]43k 43 SBSE(Stir Bar Sorptive Extraction: L RFEHO] & 23
A5 o] &3ty AT T GC-MSDE #A43IATH oA Ao 4 Z

wHtg g7l S0z Jde FEBH(E 7om Zol9 tube)l BE U4 HEFEA

=
spiking & ¥ B¢ PHoE 23 ARE vt &5olHe WA FuAEd 5
Fol Od A5 FIAG = GE F78 ARl WA F2ERe 5Ll
DXE JFE FotuslHAE B wWoz 95 JFA 5o Fzte) xFED
% Y% TEZ spikingdhA EAF Adsr fAd AP 2e do] EFEAS

]
2
Z.
=]
aQ
ol
2
£
ME
\O

A% 2
M3 A3s vaste] sgES Fetd. ojd F2E4 9 DOCE 0.
mg/LeH, $&7F 459 DOC F==
Limit of Detection: LOD)

[e]
7] Askel AR AHAY 3421%5(@%;}741%% B3] wE o) SBSE AA = AA
o

i)
N
o
=

314 AAA

SBSE/GC-MSD System?] #] & A (Repeatability) &<¢12 ¢35ty Z&59 Fo&ESF
WAL EF=42 558 44 spikingdte] 50 ng/L9t 250 ng/L 2 345 ot
SBSE/GC-MSD System & o] &3he] 734 E43 A#ghS o] §ate] %RSD(AUEZE
AABEE)E Tt AaFd FFd 8 F7159 #=7F 249 AFA n|

At Gge dopurl 5ol ARFe AL G2 el 474 AWV 79

2

oo
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32 A FEEZA A o

Ao AFEE FA(Ch)e A#HEH+= NaOCH(FERL 6%, Junsei)E AAF 34
3t dosing solution® @ A&t ow, REgxEE 22L& AAE Jar9t
2.54"x7.6"cm =71¢] paddle(two-blade)?] JH &S A& AT NaOCIS ClL FE&
g2rate] 247k 0, 0.5, 1.0, 1.5 mg/L7HA @AH S Z WA 7IHA F

= 0]
= T e
ot Mg &1 EF HHE FASM F7] A%t 40rpme] wRlEE R 30&3F W
<

op
ol
R
o
a
o2

Ul 25+ 2002 24U E FASAY. 230 A&3t AEdFe G5 3
F oulgl Age 945 A&y a8 a @ strippingdl 93 WA fEbE A9
AAEES HB7] 3] ZEFE HURAZTE BE9 A4S FYSA &1 543
Ho g HA¥s AAsAT
322 &, LE/AM 44 A3}
3221 3 A4

Ao A" F¥FE GF8H 37 wZAGY A5 354 oz 9455 300
m’/day TR E H5A 2 sl pilot-plantd] F& Rz Ao WA fFLEE

5
%2 spikingstel 27 =7k 500 ng/L7t M= 343l ASHAT. ARSR F
q

& mody qess AP olfE 9=Aee Z2H(CT value, BOM 44 5)o|
WRE Foz ATl 2ol BRA A7) B FoE AdTHoZ 45
t mcdd Ael4E Aaare d4dA. MPase A% AW A5 IAE
308 A% FAAA AAT T Ao ALY OH, BE wdH ADsE A
Axel glo] AP ALEIATh Table 349 Ao AT AMarel 442 Lhey
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Table 3.4 The characteristics of sample waters used in this study

Item Raw Water Sand Filtered Water
DOC (mg/L) 3.20 1.55
UV-254 (ecm™) 0.0683 0.0191
Temp. (C) 21 20
Turbidity  (NTU) 10.2 0.2
Alkalinity  (mg/L CaCOs) 58 35
pH (-) 7.6 7.2

S 4
T w3tE semi-batch Aolth. AFZX= 7 10 em, £°] 150 cmeo|®, 7] - 4 HZHyt
< S =ol7] f8) a7 A3 diffusers At FUAHE =S AHH O
2 AR, A4 tuber FA B EHSY RIS T H st AP F tubeE AHE
9. o WA E 0ZATY CFS- -1A(Ozonia, Switzerland)E ©]§3tJ o, 2 &
TEE 4357 kel 2 EYHE(PCI Ozone & Control System Inc., US.A
& AA3AY. AFEE FhHe 72 FEL 1 L/minS 2 LA FYs9 e,

1ﬂ¢i%~@%@£%<ﬂoa®5nmhmnv#2§_$ﬁﬂ55~gﬂaﬁz,@a

)
AEAEe 020z wAse ANIRoW, 0EL 01-10

ANae 2083F @%Ol 'Y ¥ Alg AFTE 5
o 1 LE AFsted WAl FLEZ 2 BDOCE #4340 24 Ao AsF F9
FeETN RAstF ALY FFS wASH] 9138 Nax5:0s(Junsei Chemical, Japan)E
20 mg/L ©]8te] &7t He5s Fdstdoen, wEtA & JFEshe FAFstFLa
FFS wASE7] Aste] 05% catalase(79% protein, Sigma-Aldrich, US.A)E A8 1
Lol 05 mL FY3te] H2sleare A4S WA A Y (Suh and Mohseni, 2004).
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%_D

Airlife bhse =
atam msr
H,0, solution !

Fig. 3.3. Schematic diagram of Os/H20. contactor.

=z

323 £2gAg

3231 TL£¥FAAY
2-MIB, geosmin(WAKO, Japan), IPMP, IBMP, TCA(Sigma aldrich)= 0.1 mg/LQ]

stock solutiong A ZgF ThA] 500 ng/LE 3|4 35te] AL&3tT). oldf A5 @

A FEEdede gYd TR fFriEe] A EAE ABE g FF

(Powdered Activated Carbon: PAC adsorption)®] F]X|= 43-& dolr 7] st ¢

E‘O\l

=
WHOoE 339 BHUF FA50l MY $4 A0 e HeA FHwd o)
2 gAsge

=]
Ne AR A4 2ed, $oES, 952 42 2elauA A7
o, opAA S Bed 89S AfANE 2aFolAd 5

N85 A4S Table 3.501 YeRH AT

_73_



Table 3.5 The characteristics of sample waters used in this study

Item Raw Water Post O3 Water
DOC (mg/L) 3.20 0.96
UV-254 (cm™) 0.0679 0.010
Temp. (C) 21 21
Turbidity  (NTU) 9.8 0.09
Alkalinity  (mg/L CaCOs) 58 31
pH () 7.6 7.1

AAWHL 500 ng/L s= WA FEEEE 247 300 mL HAEEAAd BF

& & fFErbsl E para filmS ARS8t @K E]) dHEta 20T 323 oA
shakerE ©]§3}o] 100 rpm e & JUEA|7|H A BESA| Z T o|wf AlE8d fF7]|FES
LEE 9] fske] MAH & O 2EFE A2 M BT F 150C 2xA 24

A&7 o3

S o]&3to] 103] o] AlHstar
Sgto] QEo|A 4841t o] A=k thg slurry 2 E Y stock solution(1000 mg/L)
S Azt AT, §2§ 24 ¥ 2-MIB, geosmin, IBMP, IPMP, TCA®] &2t
5 d 5= A e ¢S WA 7]= bottle point
ALt 2 Ao A8 E PACE HAHA AFAdA AFH AHEE 3l
X H B (Samchully), o2 A (Pica) A Ao TS A& AT ¥
BHE FEe @A g3 F/1H &

o
filterE ©]&3tod AH}g F FFo EAst= PACE AANE ths WAl F2EHY
fex]
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(2-MIB, geosmin, IBMP, IPMP) &£ 4& %

O 300 mL Az Eekaao] EF3sA. o7]ol PACE ¥l shakerg ©]
180 rpm O & wWykstHA] whEAIZE At wE @A)

Atk old PACE S25HAPd AHgE AH F ]

?E
o
>,
ofo

39tk 3 PAC E£¢ulo] w2 AA &
20 mg/LE WANAA AW AP FYsFon, WAt 47 0, 5, 15, 35,
65, 9580 2 &Qtt. 2 AztEg o
o EA4sE PACE A As7] 93
st &S 435 Arh.

w
N
W
W
~

AC FHA A2 $AAY 93
KR

ELEATS o8& A FEELY FF AAA dL4(Ch)S SHA (alum)7t #
A FHs ofd FFES WA =A Lotr7] S5t EHE et Wt
a9 SHAE A7 Fdste WA FEEAEY AA HEE gotE AT ojwf A&
H dave AlBE= NaOCl(FE AL 6%)5 A 3431 dosing solution® = A}
£3lR, F715-AE alum(AL(SO4)s « 16H0)S & 0.25M stock solutions A &3k
05 ol WAl 10 g/L9 dosing solution®. 2 Tr5o] Ao AE3Tt. B4t
S E8A AEE 1 548 Table 3.6 YelHSth Ao dA Boddete X
2 SAE =gto] QEAM 244 ZF O AxE FF EEFS o] 85 slurry GE] 9

stock solution (1 g/L)S Alx3to] AR

Table 3.6 The characteristics of PAC used in this study

Item PAC
Iodine value (mg/g) 1,090
Moisture as packed (%) 4
Ash content (%) 1.7
Passing 200mesh (-) 96.8
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PAC ¥ PAC+alum< ©] &3 WAl FdEF F3 Ao AMgE WSxe
2o A7 Jarst 254"x7.6"cm 2719 paddle(two-blade)?] ¢JH &
PAC 5%& 27} 0, 5, 10, 15, 20, 25 mg/L74 A @AH o2 WaA At 2827

2 1PzAL
DOC s%=7} 35mg/L A%x e 957t 95 47 Jar]l 23 3F PACE %A +
dste] auketa 7)ol alume FAF F 100 rpmel M 123t &5 H 30& 3t
40 rpmo 2 SEEFE A AT AA 5] AEAR e &7 ffstko
A2 AR AN dAstglen gEAREE BHEY 4ES FUSHA ¥ T4
3 2708 AFS AN F D& strippingol 9 WAl fFEEAY AARZAE
HAs Fr2H &5 FH A AAYEES 489 FHS AP 30219
S&EEN T AREE AFHSE 0.45um membrane filterZ2 EZEAES A A & Al
s B4
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324 A2 AHE FF
3241 %94
o] W95 S APste pilot-plantd] FLE A

gl FAA 1 mg Os3/mg DOCY F=
A 208 A= AAAMA FF TFLE] A Al
AFAR g ZA47te] 44 E A e (Granular Activated Carbon: GAC) column®l

=5 v A7 Fete HE A FU95 A4S Table 3.70 YEHH AT o
ol 1 DOC7} = FHFE AHEF olff2e =AY, JAF7], &

A

& 4
HqzA 5¢ ndste el AA LAY B9 ARA g G

Hﬂ
=

Table 3.7 Water quality characteristics of sample used in this study

Item Post Os Water
DOC (mg/L) 0.96~1.15
UV-254 (cm™) 0.008~0.014
Temp. () 4.0~28.0
Turbidity (NTU) 0.04~0.10
Alkalinity (mg/L CaCOs) 30~33
pH () 6.9~7.3

3242 FAE 2 FNHE HE=F

B A0 A1g3 A ee A A (F400, Calgon), °FAHAI(SLS-100, Samchully),
Z &7 (Picabiol, Pica) Algt 2 HA F71243 2 71224 3 FF5S 44
3 AEA 3149, 599 A}&E oA 319 AFREN, ZEA 314, 599 AFRES A
g3goen, AALEES HAEFNAN AA AL B Pt R3] AHI F 7
d ol AEAN v AR 8~32 meshZ A AF3tA AF o AL&sIAT. APl At

2A1E Table 3.8 Yetilen, ztzte] Sdgto] 7pA= A& &

X EXE Fig. 34° Jetuidth. Ao A S AT E&F
g AF8&4d =54 7](AUTOSORB-1 MP, Quantachrome, US.A)Z A3, 1

b

o
R
==
ne)
0
rlo
gt
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/

s 7HAE ALE Ueua, ofAA A &dwel SLS-100°]
0527 cc/glo 2 7Hd He AT ZAHAT. ST A wep g Ay S
Al]l Picabiole] 20 A ©]3}e] H] A A F (micro pore)o] 71 B 7

A 91 F-400°] 714 AHL Aoz ZAHAG.

Table 3.8 The physical characteristics of virgin and spent activated carbons

Coconut
Coal Wood
Species (SLS-100, o .
F-4 1 P I, P
(F-400, Calgon ) Samchully) (Picabiol, Pica)
Case virgin 31 yr 59 yr virgin 31 yr virgin 31yr 59 yr
. 8%00 170000 89600 89600 170000
Bed volume used ¢ 0(0) 0(0) 0(0)
3.1) (59 3.1 3.1) 6.9
Apparent density (g/L) . 400 420 440 360 360 230 250 265
Specific surface area (mz/ g) 1100 655 372 1260 524 1350 295 212
Total pore volume (cmS/ g 0639 0412 0349 0527 0328 112 0.191 0131

*Values in parentheses indicate the operation year for which carbon was used
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Desorption volumen[cc/g]

2.5

by o g
=) ] =]

Desorption volume [cc/g]

o
(]

P
3 -W@. 7*\.\.~Ny o

—8— Wood
O Coconut
—v¥— Coal

0.0
10'

Pore size [Angstroms]

(a) Virgin activated carbon

0.8 T

o
=]
T

o
'S
L}

o
N
T

T T T TrrIr 0.8 L R | LI N R | T T T T IrIrT

—o— Coal

o

(=)
T
@]

~v- Wood

Desorption volume [cc/gl
o
H

o
N

oyt g O

= A 11l

(b) Spent activated carbon (3.1 yr)

Pore size [Angstroms]

0.0
104 10! 102 10° 104
Pore size [Angstroms]

(c) Spent activated carbon (5.9 yr)

Fig. 3.4. Distributions of desorption volume with pore size.
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olof w3l 100~800 A Alole] FZHMF(meso pore)d] EEE HIWEH AHA <

F-400°] 7} B2 Ze® yeyton, kA%l SLS-1000] 7HE A2 F3AE &4
< 7HAe Ao E YEEY. 594 &4 Picabiol WA 7]F (micro)eldE HH
29 macro pore® A HEd] wAESY A gt ddGoR dHA Aok

A<

)
(Snoeyink, 1990). E3h, 3.1d % 599 AERE9 AF&FH BX AFS AEgs

et ou 50 A o) T3 ATl s AR VIRl SUMESFF A& B
o] Astd e g Uyt

B AR AHgE gAY HEFxe ofa2E AEE WA 22 em, & Z°] 30 am, T
3 20 cmZ AAHARH oW, 77+ odorus compounds FAAZNA AHF HFEZE
o]&3led 9 16 ml/minS & 8/ EWolzd A FAZE %5 EuHEE
Z43tith. EBCT7F 10min°] HES £438gla F4e Fa4x2 21L& tFRr4e=
sttt Mg Ee ALY AA FAXAH FAeA FeEFod WA f2 BF
E4E o83t Z7|EE7F 450~550 ng/L7F HA A FA FUTFE AL AT
Fig. 350 A HF X A AANAS YEr AT

Odorus
compounds
Bed height
4 cm Water tank
(Co : 500ng/L)
Gravel g

0.5 cm

Treated water

Fig. 3.5. Schematic diagram of continuous adsorption column.
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33 4 4 ¥y
2 Age ZE B4 Standard methods(AWWA, 1998)0] F3lom, B4 A}

=
£59E 484 g2 2 iy 24 7]7]E Table 3.97 2t}

Table 3.9 Analytical method and instruments

Item Unit Analytical Method and Instruments
pH (-) pH meter (METTLER DELTA 345)
Turbidity (NTU) Turbidimeter (HACH, 2100P)
TOC (DOC) (mg/L) TOC Analyzer, Sievers 820, Sievers

od (ng/L) SBSE (MPS 2, MultiPurpose Sample, GERSTEL GmBH)
ors ~
j GC/MS (Agilent 5973N)

(1) DOC(Dissolved Organic Carbon)
FTod EA}s £EA FUIEEY FEE A F3)

(DOC) ¥ & FAsIAt. DOCx 0.2 m WHH< HE (Sartorius, Germany)=

o =
A
&

ofs

F71 S8 &8 fFrlga

AEE 73 F TOC analyzer(Sievers 820, Sievers, US.A)Z A3t &
A= F 53 E43 doly FAA Hulgkd HE2@S AL vy A 37409 Z
BE FHFstod AFEIA T

(2) BDOC(Biodegradable Dissolved Organic Carbon)
o EARE ABRAOR PAASH §ER7BLBDOC)E HEA 4B

BHE712 o183t F BDOC(BDOCww), Hl# W AEHH Azox &4

[

3L

A AA 53 AeZ 4H X BDOChpa D =A AENH] AEAD} 3

o
ol AAHA G dFez 72 7tsAol e AeE &8 A BDOCuwE
-

S ArgEg o, A% Ao AAZ o W
A

B
[<] =
AHE &, Adog AAst 33 SRFE 3¥ o AT U, R A 550CE



At AEde F7IEES EF HE T AP AR
APe 384 AE¥rE7lel 02 m PWEHQ HE (Sartorius, Germany)= o 73
F(27] DOC) 200 mLE FUsALeH, A g5 T SAlste F7Igdart nAdE
o] thatel AFAAE ALHE=2 7] 98 AE 200 mLel KH,POs 85 mg/L,
KoHPOs 21.75 mg/L, NaHPOs 334 mg/L, FeCls 6H,O 0.25 mg/L, MgSOs 22.5
mg/L, CaCl, 275 mg/Le =7l HEF FFE F794E &§4& FdstaeH

>
fu
4

B

(Goel et al., 1995), 225C ol A 205 o4 % 2+4(99.999%)2 2+7]5te] S
Er TEE IFAHE UE F UAES AFIAY.
Hzde H4ze GEY A9 A48 4FHoz AgaRgrh 1Pn 95

.\_4

s EAsts & 71 - 7718 4 B 2
2 um polycarbonate 2 ¥ (Millipore)Z < #3te] AlE 100 mL T 2 um polycarbonate
2 (Millipore, US.A)Z 333k AFH 1 mLE AF3AY. EI, 2F A 59
v FFd EASte ARFLES AASZ] Yl Na$:0:5 20 mg/L §% ©]3t=
A3l A3 I (Maclean et al., 1996).
B4 YENS 7] W2 shaking incubator(HB201SF, 3+¥i 3} &)ufoll A 225C,
150 rpmoZ LA HUTY. BDOC FE 2P x7] DOC FEE TOC
analyzre(Sievers 820, Sievers, US.A)E FAstH, MAES HT & w7zt
T g Fo FESE DOC 555 %7] DOC F=oA wl gk
2004).

% BDOC(BDOCionl) &%= %7] DOC &% (DOC)l A 8¥ 7t shakingslH Al A&
FH 2 Fe DOC &% (DOCsay) S W FolH, o] 2oz Yl 2 (3-1)9 2
t}.

A5 = (protozoa)S A A7 f&ll A=

B

(o
ft
_?l’,
NS
i)
™
ol

BDOCta = BDOCsdqays = DOCo —  DOCsdays (3-1)

T3 BDOCrpa 5= 27] DOC ¥ (DOCO)Oﬂ A 397t shakingdl™H A A &3] &

BDOCslow}i—: '73: BDOC (BDOCtotal)oﬂ}\i BDOCrapl %E—EET Bﬂ]_ %}]\-O]Dq/ o]% }—\—]‘Q_i
YehE 2 (3-3)7 2o
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BDOCrapid = BDOC3days = DOCy — DOC3day5 ________ (3_2)

BDOCslow = BDOCtotal - BDOCrapid = DOCSdays - DOC8days """" (3'3)

(2) UVs4(UV 254 nm absorbance, cm'l)
oAe] FrIeised=
th o3 FELFTEAL 200~400 nme] ZAL]A F

etk ol g AHE e WS 3= A (aromatic substances), XS AL =2

(unsaturated  aliphatic =~ compounds), E3AW= 39 =(saturated  aliphatic
compounds) & ¥4 A7t o] A o] A2FS st 3 2

st ol A% ol# g ol wWZel UV-254 nm7k UV FRE=XE 243
#7129 WIFHE TR E SAs=H gel olf&HA UY. Alm
A/E Glass Fiber Filter(Gelman Science)E AM&3l] o3t F 1-cm Y cell& AME

ste] 1l 254 nmo| A spectrophotometerS AF83l4 =739

@ g=
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41 3N FE==29 &4 (SBSE/GC-MSD)
4.1.1 Mass Spectra®} TIC

Fig. 4191 WA F2EA 5% 9 mass spectra® YENH ST Scan mode’d2] o]
mass spectra® HIE S Z abundance o] ZHA Y2 EZEH FTEHA Zv= 2~3
e} o] sim mode FellA AFol g Helojgow AdEFozN GC-MSDE
AF EHA FEE 59 F JEF A0 Fig. 42 (a)© 7ol WA FEEH 55
< spiking3ts 7} S| °
system< ©]-&3to] A8 TIC(Total Ion Chromatogram)< YEH Aotk 71 Az
50 ng/L &% 7% base linec] ¢ Aol FAstnA st HA FLEE =
F o8 Wels A R obF F EYHe As #@dd F JdAY. 3 10 ng/Le
A sEAME peako]l HA 7Y base linedll €3] 43 ofF & FEHo Yo
3o 2

A

(]
]

Fig. 42 (b)dlE DOC BE7} 34 mg/L AE HE 5o ¥A FEEHS
spikingdte] 30~50 ng/L TEE 343 v SBSE/GC-MSD system< ©]&3tof &
g TICE Yt AH. o] F A matrixE 28t £43F o]+ background &2 °]

EAste MRS 45 HA FEEL BT AR ok AR JFS VA=A

dotr 7] fJsiA otk Fig. 42 (a)ol YEtA &FollA o Felsd Hws] o WAy
=4 o9 & FI7IEEEY dFeE, daA st peak o] ©E peaks ]
g4 AEHZ 39294 retention time2] EEF glol ¥&diA EZHE AES
g F AN
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souepungy

aouepunqy

=oooo]

TIC (Total Chromatogram) : 10 ng/L

Z=o000o4 IBMP .
Geosmin
zoooo)] (RT . 7448) 2-MIB
IPMP (RT : 10.687)
1 sooo] RT :7.572
(RT : 6.412) / ( ) TCA
1oooo] JLA (RT . 9479)
V_/J\.LJ\,I\\ i hm
=.ba =.Eo’ F.ho F.EaT = bkoT = ko Taha’ "a ko holag 1aolsao T

SEmooc
moooc ]
m—coo
moooo ]
Eooo
Toooo ]
EE LT
= i
ELLIST-F
EL-TTTF
Aamooo
Aocooo §
==mooo ]
=oooo §
==ooo
=oooo
ET-T-T—%

(E=T=T-T-%

ELTTR

TIC (Total Chromatogram) : STD 50ng/L

Time (-min)

(a) Deionized water

Geosmin
(RT : 10.687)
IBMP
(RT : 7.448)
2-MIB
(RT : 7.572)
IPMP o
(RT : 6.412)
TCA
(RT : 9.479)
o o T M IF T g e g o7 -:-]LL.:. ..:.!;.A_.'T:T?:J.:.L

Time (min)

(b) Raw water

Fig. 4.2. TIC(Total Ion Chromatogram) of target compounds.
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FAE ol &t WA FEEAS AAHE & A5 HHY FE A7 (extraction
time)S ZA3 F7] 95t @A FEEA 58S 2TF ol spikingdte] 250 ng/LE
A% o 308 ©HZ 300%7tA barel FFHAIZ FH GC-MSDE £t 2
A3 902 7HAE F&ol mEA IAPHGrE 2 HEE FFeo] =AU A9 FF
&9 WslE HolA otk wEtA B AFdME Huo FHFHEE

o
Ae AU 29 5 AES &7 sl FEARE 0EoE ARIAT. (Fig

2 AEAS WE 60%, 40 mL) ARE ASRL ASE 12088 HH FFAZ
o HAustel YA §BEQ 3% (geosmin, 2MIB, TCA)S EH35Ic. ol shgo] #
ste AR 4w BASLA s BAe M FEARe wad & gonz 7
o) RHzAG el HAe) F5 A AR Folof & Row wuHET
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Abundance, X10 6

Abundance, X10 6

50 100 150 200 250 300

Extraction time (min)

(a) IPMP

I 1 PR

50 100 150 200 250 300
Extraction time (min)

(c) 2-MIB

Abundance, X10 6

Abundance, X10 a

o> I 1 I 1 I 1 I 1 I 1 I 1
0

50 100 150 200 250 300

Extraction time (min)

(b) IBMP

20 ——m———p—m—r 77—

PP n 1 n 1 n 1 n 1
0 50 100 150 200 250 300

Extraction time (min)

(d) TCA

Abundance, X10 6

o> I 1 I 1
0 50 100

150

200 250 300

Extraction time (min)

(e) Geosmin

Fig. 4.3. Influence of extraction time.
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413 3+ &

WA FREA 559 3FE(recovery) H4F ZI}E Table 4.1 YeEH AT, ©A
geosmin®] A% ZFFoA, 50 ng/L F59 35FE&LE 893%9 2™, 250 ng/L F=
o &L 931%AT. 28 IPMPY A¢= =9 &) 47 839%, 87.8%
o™, IBMPE 87.5%, 96.6%, 2-MIBE 78.4%, 81.5%, TCAE Z+Zt 945%, 97.7% =
Uetytth ol9t Zo] A¥E BHuE uFEEY IF8o] ti Egon, BEdu¥as
TCA®] 3|F&o] 7} &% 22MIBY I F&o] dudoz v Yeyt. 498z
age] vz2A ved olfe &4 EAo] /HAE n#3 334 54 27 i
o=, RPAHo g FAo] & EAo] HFAe] I EA Ml 3FEo] o
vetwth 2eid g fad Sy FEF 28-S oqF7] Hstd A - FF
Sl F2 Agsle YGal)S WE ALEEA RuE
WA o2 80~97% WY d5d IJrES D& F UNTH Nobuo et al. (2001)2 &

2-MIB, geosmin, TCA <]
IFes FaHEd, 2 23 42 102%, 104%, 101% 2 F&S dof 2 A7 2
7 2t i Egt ole B AFdME 10 mLe A2 E AFE3H ube) 4w B2
7] &S Ao g et webA SBSE IA 2 FAE o

o= ]
AN
a7 S 55ge) me Azde Ssdn 2 B4 358

£ A% o =%
23 92 4 g Aoz wdEn

Table 4.1 Recovery results for target compounds

Recovery (%)

log P
Compounds (octanol- Deionized Water Tap Water Raw Water

water)

50ng/L 250ng/L 50ng/L 250ng/L 50ng/L 250ng/L

IPMP 2.37 83.9 87.8 79.8 80.7 79.9 85.1
IBMP 2.86 87.5 96.6 79.4 89.3 75.9 92.1
2-MIB 3.31 78.4 81.5 72.0 85.1 74.3 80.6
TCA 411 94.5 97.7 86.6 98.9 80.5 95.0
Geosmin 3.57 89.3 93.1 84.0 91.9 84.8 94.5
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SPE/GC-MSD system< AF&3to] 2-MIB9} geosmin®] 3|48 AFS HAAg H F
(2000)9] A7 AF{ANME H = AFS et A=, 150 ng/L ©lst %
A geosmin®] ¥ 4& 0] 84~89%, 2-MIBE 73~83% % UEY ATE RHUE AFLo
A 3¢&0] ERI, geosmin® I o] 2MIBET £E Ao F Yeigth T3 b
S (1999)2 CLSA/GC-FID systems ©]-&3to 2-MIB$} geosmin®] 34§ 4
AR =d, 400 ng/L T=9 H 3|F&°] geosmin 76.3%, 2-MIB 58.8% = UElL:
B AFAREG 20% o]} WA ugtey E2E AA BFS vz An

Bartels and Suffet (1987)2 CLSA®} SDE A2 FAAE o|&3to] WA FHEZH
9 &S v AU 1 AH CLSA/GC-FID systeme ©] 83 5§
%7]% 200 ng/LellA] TCA 88.7%, geosmin 69.1%, IPMP 732%% UEelton, &
o Z7d A SDE/GC-FID system= ©]8&3t 3|4+8&& TCA 59.0%, geosmin 53.5%,
IPMP 47.4%, IBMP 42.4%, 2-MIB 46.0% 2 YEl}, SBSE/GC-MSD system= ©] &3}
o s IS AAF 2 d7ZEFe vus] Ed F OFRY AP AH EF
15~40% ©]% w& &5 Bk

D-A+% HFE A2+ (DOC: 0.8 mg/L)ell #A F¢EH 555 spikingste] A
Ag 3les APAH 27185 50 ng/Lol A SlEFEc] 72.0%~86.6% A3, 250 ng/L
o] &L 80.7%~989% WLART. FUF(DOC: 84 mg/L)olA o 3IJ+&e 50
ng/L X7} 743%~84.8% W, 250 ng/Le] 3F&2 80.6%~95.0%F LEFSUL.
EAMEE TCAY 35&°] 714 EAT 22MIBY 3580 714 Etoy A2

2 AE matrixe] 9L ALl Qlo] HlL=d FFo IFeS H Yt

(O8]

rlo

414 AZJA

Fig. 4491 ¥A F2EZ 5% (2-MIB, geosmin, IPMP, IBMP, TCA)S #HFA
(calibration curve) &4 ZE YU UG 559 Al FEEZA EF 50 ng/Lo| 3}
o ArzdAE AIAHL dehe Aa8A A5 Agol 2-MIB 0.9957, geosmin
0.9957, IPMP 0.9977, IBMP 0.9975, TCA 0.99942 Z+7Z+ UElY wl$ =2 A3 BAAE
Bt o] Nobuo et al. (2001)¢] SBSE/GC-MSD systems ©| 83l F%& ZF
2-MIB, geosmin, TCAE 4% o, 100 ng/L ©|3te F=A HEFHd = 2 1}
correlation coefficient(#) ko] 0.99870]4 02 el Ao} FAeY

o

,d
o,
<
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Abundance, X10 °

Abundance, X10 °

Abundance, X10 °
©

0O 1 1 1 1 1 0O 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
Concentration (ng/L) Concentration (ng/L)
(a) IPMP (b) IBMP
4 T T T T T 3 T T T T T
- E
R’ =0.9957 B R’ =0.9994
3 .
5 2
1 —
<
@
2 4 ¢
<
o
i=4
1 p=3
21
1 o
0O 1 1 1 S REN ] 1 i@ 1 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
Concentration (ng/L) Concentration (ng/L)
(c) 2-MIB (d) TCA
6

Abundance, X10 °

0O 1 1 1 1 1
0 10 20 30 40 50

Concentration (ng/L)

(e) Geosmin

Fig. 4.4. The calibration curves for target compounds.
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415 APAR, AETA, AFSA

SBSE/GC-MSD system< ©o| &3 WAl FED A4 A @A (repeatability) &<l
S 93t 2Tt FLEFI EFEA S spikingste] 50 ng/L E 250 ng/LE 3
A% o5 474 73 BAHse 74 24 Wi FdHEEUA WEE(RSD.(%):
< T B EAde oAY TR #71

28 &4 AP WA dFS gotR7] fstd ANEARHTE F
2 A4

=
e}
LN
)
=
<
[}
92)
-+
)
=]
Q.
)
=
Q.
)
[}
=
)
[=y
o
2

by
e
i
My
S
tlo
ng
ol
£
£
N
2
el
ox,
[o
=
El
ol
*&
_EL
H
[V
o
5
-
[}
2
N
N
I‘}L

A#E YENAT 50 ng/L 559 WAl f2EAo] lalA %RSD #o] Zad
E 20~40%, $LEFAME 20~50%2 UEFEOH, 250 ng/L = A %RSD
2.7~6.3% 2 UrE}‘:kE}. o)A F71Eo] EAee

2y
rlo
P
F—l>

F7F 25~4.7%, FLESFV
el Adge] vad
o] A9l EAstA Be
So] M@ e A= LHELE 2837
WAoo BE ZAANYURSD ol 7% o5 = et
] geosmin® A$= FEY A FF 2 ¥ A
23~27%=2 Uety Aol olF £ A= UEHT. Nobuo et al (2001)=
SBSE/GC-MSD systems ©]&38td FxEA WAl F2EA 35 did AdAL 4
AN Ed 2 AT %RSDZO] 20+35% AT UE} B AT ATe} n%

o
=
Rt

i

S
N o
wr i
o>

N

S
A
1 A R

M

oft

k2|
=

ol
oL

Table 4.2 Repeatability results for target compounds

Repeatability, RSD(%)

Frag. Ions Rt
Compounds M.W. Deionized Water Post O3 Water
(w2 (min)

50 ng/L 250 ng/L 50 ng/L 250 ng/L

IPMP 152 137,152 6.41 2.3 41 5.0 6.1
IBMP 166 124,151 7.44 21 2.7 3.8 4.1
2-MIB 168 95,108 7.57 2.9 4.2 4.8 6.3
TCA 212 195,210 9.48 4.0 25 4.1 3.3
Geosmin 182 112,111,125 10.69 23 25 2.5 2.7
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d
o] 3uj=Bs) 22l FHIAE EFHY 108]5(10s)E 3
(ZFHBAATY, 2002). 2 A3 F
o BEFSHA FLS 4~10 ng/LE UEMETE. Parmentier et al.  (1998)2
CLSA/GC-LRMS system< ©| &3} 2-MIBS} geosmin®] AZ$AE 3 ng/L7MA &
FRA Baustdth. Ty olw AREE AE o] 1Lola, &8

Ay AEeld whe), B AFo s 10 mL AR E AFE3sle] ¥23 HEIAS

SAATh 3 SBSE A ZAA= 5070 o] AEE TAM AAY T F A7

2o A SRAAE oA EPE AT F AU

=
:[
e,
e
E
a1
N
o
o
=k
)
e
&
o)
)
rlo
—_
?
w
=
aQ
~
—

b

=1
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Fig. 4.5. The effect of bar storage time.
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417 YA FEEZ EXXAL

Table 4.30] 20054 895 E 129744 G54 57 7% MAY B354 27 %
8 AAF, B FLEAQRMIB, geosmin)EE % chl-a® FEE U oA
19 899 A% 249 chla® vEE ¥4 JEdoy FuAe 2do WS &

Table 4.3 The variations of 2-MIB, geosmin and chl-a in the raw water from the
lower Nakdong River

Dominant Species - Cells(cell * mL_l)

1st 2nd 3rd

8/1 47.8 13.6 9.0 Microcystis 3600 Melosira 2520  Anabaena 150

8/4 227 8.0 42 Microcystis 1200 Melosira 350 Synedra 180

8/5 11.4 121 45 Microcystis 600 - -

8/29 227 18.7 2.7 Microcystis 480 - -

9/8 18.9 8.0 2.6 Melosira 140 Actinastrum 24 Micractinium 14
9/13 167 ND 2.2 Melosira 100 £ -

9/15 176 ND 2.4 Melosira 200 Microcystis 120 Cyclotella 33
9/20 384 ND 1.7 Melosira 910 Synedra 440 Cyclotelln 280
10/5 57.9 ND 1.2 Melosira 2520 Asterionella 89 — Actinastrum 86
10/20 135 ND ND Melosira 2600 - -

11/4 195 ND ND Melosira 560 Cyclotelln 42 Asterionella 21
11/15 19.2 ND ND Melosira 630 Stephanodiscus 560 Cyclotella 140
12/5 104.7 ND ND Stephanodiscus 7250 - -
12/13 128.8 ND ND Stephanodiscus 14960 Cyclotella 280 Fragillaria 90
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27 FTAAME 2-MIBS} geosmin®] T FE
7F Blag e Foly] WfE] Ao podEAn T FE2FY A 2H AU ¢
DEAS 3Rt 7] W&o JWWA, 1979), AX7F S35 ds o A3}

o Hed B AFdME 279 AXva glo] AFo] o]Foin
z

ARG e WA FEERY FrE a0 ¥4 @

rlo
pa
o
fu
i
o,
3L
A
H
o

I 10€FEH Fe] 20C olstg "ojAWHA FX2/FI
Microcystis®  MAF= AR L3I oeyd 8Tl HAE2FA Melosia®t
StephanodiscysZ. RFE o™, o] vropAa Fdo] ymAHAy 1 fAFes 35
3] S7bste] chl-ad] s=% F43] St ey FHA e 53] HAE /T
3= 2-MIB9} geosmin® A% F2 PGX2F/F AFANMNE Amabacna sp., Oscillatoria sp.,
ANA TAstE HAQ BAE FS chl-a FENE BFst A9 AEHA FUTh
FEF7F geosmin®| Y 2-MIBE A3t 22 &AW A (strain) S =t H

=
st oz A At ANA 5 FANE Bran FLue]l 54 we
AAFE See] HEre APAML Felol BIHJAT kAt 1 AAe

Fv AZI7F H3 Ak (Mallevalle et al.,, 1987).
ZA717E(8€~12€) &2t chl-a, 2-MIB, geosmin®] %= ZFNAFE ¥

Fig. 4.69 JEMW AT Chl-aF=9} ZF MAFe FRA)

oN_L

AYstaies HA %%%@(Z-MIB, geosmin)2] FTEGE FTAol glE A2 YE
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Fig. 4.6. The variations of 2-MIB, geosmin and chl-a in the raw water from the

lower Nakdong River.
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T o ARAI HAHASE YA = &
o FEE B9 ddle] Ha gormz I ¥ oiye vx T AAFAME A
El Tl #AlE 71€0lal AT (Suffet et

al., 1995). 18y &3, AW 9 oH#e} e A 2 (conventional) BFA ] 37 ol A
= AAZHI} ofF & Aoz dvA St (Lalezary et al, 1986). whebi| ZH 2o
Ao dig e ES Fol7] dd 1x: 4HsF A (Advanced

o & L&/ B4 42 (0s/H202: peroxone process)E
Hasle] A& dth (Suh and Mohseni, 2004). Os/H,0, ¥3 L H.0,9 &4 7]
(conjugate base)ql HO, 7} 2&E& #3lst= 7 A Al(initiator) 2 2}-&3t] 4317
(OH) Hu W=7 &8 v‘i‘»%H‘S}O%, £ Hy dS3 A3 Ad OH oS
Hrh ®e OH #ozs A

9N 4+ St HASASH, 448 OH ATie Be AABAEH ok e

ox
oX,
=
o5
=
aQ,
=
w
V)
5
a.
o
<.
=
=
—
)
NG)
%
1:10{'
_%
to
N
mY)
Bl
of{
o

=
cone 254 A B2l $1% 99 B BRAReE Lug mAcz 4
gol ASH L U AL(Ch), 2EO)F B ARA BIAR ofz} &/ B

Bol AFE I e, B dAFoMs AA FAA AFZAA AREsta e Al 7EA
THY 2A4g F, AEA(F400, Calgon), ©FAHAI(SLS-100, Samchully), &7

(Picabiol, Pica) 22| AL o] &3l A&Ad FHAANIYSL 53 A FH
I
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1 45 o] &3 WA FEEZY Ao
S5 95 445 05~2.0 mg/L YA @AHcE F9 o I FEE
24F8HCl oxidation)o] o3 AJ AP ZAE Table 449 Fig. 4.7 4
BF QAth Fig. 47¢1A ¢ 2ol 2 mg/Le] €4 FY FEME Zzte]l WA f
d AARE] 20% ©ldE ofF A YEN T Table 4.4 UERA 308 F<F
& strippingol] g 24 E2E AALSS AHEW TCAS B¢ strippingol ¢ 3f 4]
50% ol AAEE A2 JERou, UwA 4% stripping 93 A AE ]
9~13% B=E o}F YA YeElth o] Table 2.169] YERH S0l TCAS A
7} 2.8x10* m’ - atm/mole® A geosmin, 2-MIB, IPMP, IBMPX.t} ¢F 7~108] A% &
of 3ol Am, o]o] we} strippingell g AAZF &eld7] WEQd Row A
g dgA 94 FY sEE WA &

=1
o & AAE 9~18% BEE

Lo
L e

bt

de] AA AP olA & stripping
T3 Fa4 el g AAZELS 10%

o agEE A FIEE AA
= B
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Table 4.4 Removal of odorous compounds with different Cl. dosage

Cl, Dosage Concentration (ng/L)
(mg/L) Geosmin  2-MIB IPMP IBMP TCA
0 104.2 100.6 99.5 104.9 97.6
0.5 95.2 96.7 95.9 101.7 894
1.0 95.4 95.8 91.1 104.1 84.7
2.0 85.2 89.1 89.3 104.9 83.9
30min Stripping 90.1 94.7 86.6 95.3 29.0
T T T
100 |- .
— B ——@—— Geosmin (C, =104.2 ng/L) ]
§ go b N ¥ o e 2-MIB (C, =100.6 ng/L) i
> ——-w——_IPMP (C, =99.5 ng/L)
2 - —~ —A—.= IBMP (C,=104.9 ng/L) 1
.0 — -m — TCA(C,=97.6 ng/L)
O 60fF .
@ | |
g o} i
o
£ I |
©
c
20 |- —
0

Chlorine Dosage (mg/L)

Fig. 4.7. Removal efficiency of odorous compounds with different Cl, dosage.
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Fig. 4.8. Effect of Os and H2O. concentration on the removal of geosmin and
IPMP in the sand filtered water.
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wA oEW FUT A4S BW geosminT IPMP 77} 2F 0.1 mg/L FUA 6%
o} 422% A=Y AALEE BT, 2 mg/LY 2F FATEAME 31%9 69% =
of AAEES YA 218y A2ts 44 01 mg/Let 2F 01 mg/LE 4 +
HE B Az 26%9 47% = AAES BAx, A4 01 mg/Leh 2F 2

mg/LE A FL43 = AFolE 52%9 79%2 AALEES 44 ey 2FE @5 ¥
el ws) AAEo] 453 FUtstATH EF 2 mg/Le] LEFY =N HAibsts
2 FY9F=7 1 mg/L, 5 mg/LE F7}843F geosmin®] AAELS 89%9 96%=E F
7het L, IPMPS] A AL 88%9 94% 2 S7she ASZ YErgth wEbx dA4gg
LE FY xR HAdSFLY FAF] FUEFE HA FEEEY dase
T43% St 2ed At AE dF T oo E FYA FA HAE AA
&9 W7t A9 gl

9574 A vy Aol geosmin E+8H S spikingst] %7] X7} 500 ng/L7t
HA A3 v eEH AL FAEE WE geosmin®] AASAH LS
AAlsta 1 ARE Fig. 41001 YeERW AT &9 Fig. 48 (@) & EAH G Az
T &I #srs FATEE AASEAH ohF FAG BFE Holie U2
U AAEL ol 2ok e & F AT HFFe] A oW Fdd FAsH

o
LE 5 mg/L FUA 47% AR AALS HEHAo Y, 9 Tol & geosmin
2= 35% A= ZAAES YEtde] 12% FE AlAEo]l Yolxt. 28 20 mg/Lo

LES FAT B AT Ao AAEl G4 82%F 55% = YERY 27%
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TE E= g L7t 32 mg/L, 34 RH@loH A7 15 mg/LE 28] o]t A
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Fig. 4.10. Effect of O3 and H>O; concentration on the removal of geosmin in the
raw water.
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OH @tz 3 zEste Atstra e g v7tyEe obz A& oA &

Aol FUAF o FAtsFa TP 39y
LFEA U3 23ts S AsAZ T Badtal 3tk (Gogate and Pandit, 2004).
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Fig. 4.11. Variations of removal efficiency of geosmin and IPMP with different
H20,/0s3 ratio in the sand filtered water.
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v & 2~38] F7} Stk webA Figo 4120 YERd upe} o] ¢ Fol dRE
geosmin A AE 913 HA Hy0,/03 HIELS 2& FYTE 1~2 mg/L HHNA 1

3 A= BWaA e,

T T |||||I L S T IIIIII T T T IIIIII L |||||I T T |1||||I
100 |- -
® 8o} i
> 5 J
[8)
&
o 6or )
"5 | h
® Ozone dosage (mg/L)
3 40 -
—0O— 0.5
E i - 1.0 1
& -0 2.0
—7— 5.0
20 - —— 10.0 N
| —O— 20.0 i
0 1 1 1 |||||| 1 1 1 |||||| 1 1 1 |||||| 1 1 1 |||||| 1 1 1 ||||||
1073 1072 107! 100 10! 102

H,0,/0;, ratio (mg/mg)

Fig. 4.12. Variations of removal efficiency of geosmin with different H>O»/Os ratio
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Fig. 4.13. Effect of O3 concentration on the removal of 2-MIB, IBMP, and TCA

with different H,O, concentration in the sand filtered water.
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A st FFo HARVIEAT A
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Fig. 4.14. Effect of O3 concentration on the formation of BDOC with different H2O;
concentration in the sand filtered water.

- 110 -



4213 LEH A} FALE 0] &3 geosmind 2-MIBS] 23} FE I H7}
S5 A w5 Rddn AHsTe eE:d Hsseid HEANE

=
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Fig. 4.15. Effect of O3 and H>O; concentration on the removal of geosmin in the
sand filtered water and raw water.
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Fig. 4160 &&3 #H313strio] Fherr 2o AeFF e 2-MIB A A
S AFATEE Ygda. F5 2dd3 Aes Fo FFE 2-MIBo sl
2E @502 A3 FA$E Fig. 416 (a)dl, L9 H2e 54 5 mg/LE A =
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Fig. 4.16. Effect of Os and H»O, concentration on the removal of 2-MIB in the
sand filtered water.
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Fig. 4.17. Pseudo-first order reaction plot of geosmin for various Oz and H>O»
dosage in the sand filtered water.
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A (41)S ol &3t dFet g FFE geosminF Aol FFE 2-MIBO
sl 2 FUFE 05-20 mg/L ®eA & o AL F9 HlE
(H202/05)ll wh2 77ho] whg &5/ 45 Fig 418 YEU At oW 9] geosmin

I} 2-MIB9] %7] X+ 500 ng/L %t} Fig. 418 (a)~ ()X & & Uxol && F
dFol F7HEE, a8 & oy FAstFAo F§) Hgo]l FUEFE WS &
=44 Y 343 S7tske A S UEd At 2eu &2 diH BAste e F9
Hgo] A FF o|Foq FAAUAM WE SRS 4= U o) FT7EA e A
o2 Yyt gy 2 FYEE 05~20 mg/L AN & du HisEa
FU A& FAHFL 1~2 Aboldd AR e
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Ay FF oldeE FoPAWA geosmin® W] I ti Friste AoE UE
woh wEbA 2 E/ e A (0s/H0y) 38 S AAl AFF A A8 45 AP

Edi8] BasFsre] F9 B&(H0./0:)S AAs F Aol 4 9 3lolA

)
°
za® 7124 2o ¥ Ao BuHEL
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Fig. 4.18. Effect of H»O0,/Os ratio and Os dosage on different samples.
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Table 4.5 A half life of geosmin with different O3 and H>O. dosage

(a) Sand Filtered Water (Unit: min)
Os Dosage H>O; Dosage (mg/L)
(mg/L) 0 0.5 1.0 5.0 100
0.1 200.46 30.28 12.66 10.99 19.53
0.5 86.84 12.02 9.82 8.84 9.46
1.0 43.31 6.83 7.28 6.50 6.74
2.0 36.86 6.44 5.52 4.89 4.58
5.0 19.48 4.40 3.97 3.56 3.07
10 15.63 3.52 3.16 2.89 2.52
20 6.39 2.55 2.28 1.98 1.39
(b) Raw Water
Os Dosage H>O; Dosage (mg/L)
(mg/L) 0 0.5 1.0 5.0 10.0
0.1 462.93 68.68 27.23 18.10 48.13
0.5 120.54 24.55 16.73 11.56 14.44
1.0 62.15 14.29 10.53 7.98 8.84
2.0 45.99 11.42 8.04 5.78 6.36
5.0 32.19 7.70 5.05 4.23 3.84
10 24.26 5.74 4.46 3.35 3.25
20 16.55 3.98 3.55 2.61 2.50
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ofd FA4Y FRE FHTS HA9A AT HH =2 AeE YEuEd. =3
2-MIB, IBMP, IPMP, TCA®S] &4 THE FF SAHS EHEH geosmin? vhH7}
AZ AgAe F2so] 7 | oFAHAl, Z8A £o
2 Yey Sg7 249 2o
o] &olg Aoz UeHH. ol HgAE
A7MA o] wAlAlE 2 &

A ggeted B3 FF5o] F

=

A g

Hir
X
°
o
oW
o
S
A
d

o

o

fr/ o
&
o
PR
|o
fu
T
ful
AW
[o
B

o £
dle
o

™ (Suffet and Eable, 1995), 2-MIB¢} TCAS] 7%+ 5% 9 ¥

A FEEd Foll £ @ AT ddHeR dop FHE o] i HolAE o=

eI 1/n & 04~1.0 MAE tha EA Jeikt. S48 258 559 @A &
2 A P

Fase daA 24e9 4$ IBMP > geosmin > IPMP > TCA > 2-MIB

- 119 -



A &4 IBMP > IPMP > geosmin > TCA > 2-MIB, ©}AtA &

s

Hr

0
AR

23420

geosmin > IBMP > IPMP > TCA > 2-MIB 22 4

o]
A
ofF
nJ

™
o

fro!

o

gmy

el

x
o]

!

xr

5

o|
6

o

ol
o

—

o

oF

tath. 2 23 DOCY &7}

= 37ts

3

A

N FHE

4 (DOC: 3.2 mg/L)l A

2~
T

EEE

7‘(

==
LE

stel ¥

&

o

o
3L .

il

o
X

olm

UEtY 7]

2 YUE T (Shala and Lilezary, 1986).

kel F2 AAEo]

o

- 120 -



Table 4.6 Freundilch constant # and 1/n of odorous compounds for various PACs
[Unit of K: (ng/g)/(ng/L)"""]

Item Coal Coconut Wood
deionized 1/n 0.2657 0.2514 0.5465
water K 194.07 134.5 127.42
) post Os 1/n 0.2523
eosmin - _
& water K 115.05
1/n 0.3307
raw water - -
K 71.184
deionized 1/n 0.3475 0.3740 1.0781
water K 111.56 76.59 66.15
o MIB post Os 1/n 0.4632
water K 46.81
1/n 0.5099
raw water - -
K 35.72
deionized 1/n 0.1095 0.1893 0.9370
water K 327.17 203.94 105.14
[BMP post Os 1/n 0.3174
water K 126.3
1/n 0.3451
raw water - -
K 96.6
deionized 1/n 0.2774 0.2114 0.8115
water K 163.7 159.83 68.746
IPMP post Os 1/n 0.2824
water K 135.0
1/n 0.3457
raw water - -
K 71.9
deionized 1/n 0.6375 0.5670 0.5677
water K 60.213 41.041 43.529
TCA post Os 1/n 0.8555
water K 49.2
1/n 0.8783
raw water - -
K 36.8
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Fig. 4.20

. Adsorption isotherms for geosmin.
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Fig. 4.21. Adsorption isotherms for 2-MIB.
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Fig. 4.22. Adsorption isotherms for IPMP.
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Fig. 4.23. Adsorption isotherms for IBMP.

- 125 -



X/M (ng/mg)

2

| T T L | T T LI
- O .
- O .
g 108 | @) 7
\O = .
£ i ]
s | |
S | |
i X/M = 60.213C 5"
: = 0.9573 1
102 1 1 1 L aaal 1 1 1 Lol L Ll
10 102 108
Ce (ng/L)
(a) Coal
—rr ——— 10—
0 L ]
i | X/M = 43.529C %" |
1 3 = 0.8872
0 sl ! |
u S~
[e]
1 £ I i
—= O
O B3
X/M = 41.041C %7 1
? = 0.8623 102 .
T T T B | 1 1 1 | I -] i 1 1 [N | 1 IIIIIIi
102 108 10 102
Ce (ng/L) Ce (ng/L)
(b) Coconut (c) Wood

Fig. 4.24. Adsorption isotherms

- 126 -

for TCA.

108



X/M (ng/mg)

X/M (ng/mg)

103 T T L | T T UL 103 T T L | T T UL
i A | 5 i |
i 1 g i |
S~
(o]
| ] = | ]
£
<
- X/M = 115.05C %% 1 - X/M = 71.184C %7 1
=0.8918 ¥ =0.9734
102 1 1 1 Ll 1 1 1 Lol L Ll 1 1 1 1 L gl 1 1 1 Lol L Ll
10! 102 108 10! 102 10°
Ce (ng/L) Ce (ng/L)
(a) Post-Os water (b) Raw water
Fig. 4.25 Adsorption isotherms for geosmin in post-O; water and raw water.
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Fig. 4.26. Adsorption isotherms for 2-MIB in post-O; water and raw water.
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Fig. 4.27. Adsorption isotherms for IPMP in post-O; water and raw water.
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Fig. 4.28. Adsorption isotherms for IBMP in post-O; water and raw water.
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Fig. 4.30. Batch kinetic test for the adsorption of odorous compounds under

various PAC dosages.
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4223 PACE °] &3 HAl F2E29 Ao
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2-MIBO] AALE A7E Uehldth =3 Ao A 44 PAC £ Al 5
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Fig. 4.31. Removal efficiency of 2-MIB with different PAC dosage.

Table 4.7 Removal of 2-MIB with different PAC dosage

(Unit: ng/L)

PAC Dosage (mg/L)

Item
0 5 10 15 20 25
PAC 708 50.9 37.2 315 8.7 N.D
PACH 56.8 452 338 205 235 23.4
alum(40 mg/L)
+
PAC 512 488 39.8 39.5 315 98

CL(3 mg/L)
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Fig. 4.32. The removal efficiency of geosmin with different PAC dosage.

Table 4.8 Removal of geosmin with different PAC dosage

(Unit: ng/L)

PAC Dosage (mg/L)

Item

0 5 10 15 20 25

PAC 99.7 51.8 22.8 14.9 6.0 5.0
+

PAC 79.2 54.5 41.6 34.0 24.2 20.7

alum(40 mg/L)

+

PAC 61.9 46.1 27.3 234 13.2 9.2

CL(3 mg/L)
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Fig. 4.36. IPMP breakthrough curves for various GACs.
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Fig. 4.37 TCA breakthrough curves for various GACs.
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Table 4.9 Bed volumes for various GACs at 10% and 50% breakthrough

Coconut Wood

Coal(F-400
Y1/ (SLS-100)  (Picabiol)
[tem
New 31 yr 59 yr New New
10% BVpreakthrough 22,000 1,500 140 7,100 4,100
Geosmin
50% BVbreakhrough 35,000 19,000 2,200 33,000 27,000
10% BVbreakthrough 16,000 140 ILRE.: 50% 2,500 2,500
2-MIB
50% BVbreakthrough 34,000 17,000 2,200 31,000 23,000
10% BVbreakthrough 28,000 3,300 IR.E.: 8% 4,600 5,600
IBMP 30% BV
o o breakthrough
50% BVbreakthrough - 35,400 18,000 2,000 30,000 25,000
10% BVbreakthrough 25,000 2,100 IRE. 8% 7,600 5,600
IPMP 40% BV
00 BV eakihron o breakthrough 1 1 31 24
50% BVbreakthrough . 35,400 8,000 ,000 ,000 ,000
10% BVbreakihrough 32,000 13,000 7,000 23,000 22,000
TCA 25% BV
50% BV preakthrough ¢ 7Y breakthvough 55 000 15,000 35,000 32,000

: 35,400

* LR.E.: Initial Removal Efficiency
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A ZA"LE 2500 BV~ 22,000 BVl 10% 335+ Aoz Yeygd. weiry SAg
THE &S 10% A A vl Eobd MekA 248 F25o] oA
U Egt7el Blis) 2~6m A =& FoE ZAEQL S TRHE 50% FHAAHS
et g 39 geosminZ 2-MIBE 35,000~34,000 BVl 50% 7 s= Ao
Byt oy, IBMP, IPMP, TCAS ZA%ole F 37|7ke] €9 35400 BVIAAZ
25%~40% BEro] BEE o VEyth 2 oAl &' 50% TFA|

A2 30,000 BV~35,000 BV, & gtAl & g2 23,000 BV~32,000 BVZ EILY, 50% I}
MNAE 71ELE geosmint 2-MIBo| td ST T/FE F2sS vlus] Bd A

A A o] ofAAY HeAol Hs| 1.1~158 A% & ASZ ZAEIT. 19

e
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rlo

ofN
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o2 Ags AT 49 53 27 350 e Add e $rsdon, ¢
¥ FRY Aot FoEE sloz 2AHAY
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g2 TCAY 7,000 BVOlA 10% ﬂﬂlﬂ% Ao g Yelyy, Uu R 429 WA
A5 & x27% 50%~85% A= AAHA e Ao=Z YElyT
50% THAHE 'S 35,000 BV o]4ol Al 50% @ s Ao, 3.1 AL RS
17,000 BV~25,000 BV, 599 A}-8&-2 1,000 BV~15,000 BVel] 50% 3#=e= RAo=z
UEtE T mEtA ol= A AbE7|TFo] At QIS4 TAHAAME WA FEE
45 HA A % olE AY szt oEe AR 2AEHASH, o] Agde
GAC F4°l #d=7] Aol ELddgdetoly 2EXT 9} e AdA FHo] 2
o sojol a2 WA FIEA Xt o]Fojd Ao
WA FEEA 5% o 49 AFE 2 AgAS
1 #13Fe] Snoeyink (1990)2] <+
Ab-& & (carbon usage rate: CUR)¥ A& " (bed life: Y)o &3+ 2](4-5), 2] (4-6)
AH-g- 3T

(adsorption capacity)S % 7}3}7
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XM = k- G (4-4)

X = the amount of solute adsorbed (ug)

Il

the weight of adsorbent (g)

Il

Ce = the solute equilibrium concentration (xg/L)

k, 1/n = constants characteristic of the system

(Co— CDF
CUR g] day) = . : (4-5)
( 46) 0
Ce = equilibrium concentration (ug/L)
C, = influent concentration (ug/L)
C; = desired effluent concentration (ug/L)

F = volumetric flowrate of contaminated liquid treated(L/day)

(ge)o = amount adsorbed per unit mass of carbon at Co

I v s o (4-6)

V : volume of adsorber (L)

pcac : apparent density (g/L)

24 (4-6) C=CoE 7HEE W FaAM, (qps 737 AsiAH A (4-4)lH 73
ZZko] WA FEEE B S49 FHRE A5ZY FFAAY 49 1/ns A &3
dutd oz PFy FAHFL EDE A (powder activated carbon, PAC)S ©] &3}
batch 2o 2 F3qst= Aoz B3] FFUAIL FHAL 59 %
HOg"ela, w3 BE AT HILHE olFA = HA A

Age 2 A7t Ye & Atk WA B ATAAE 4 (15F A5BHANY 3}
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P yc" &
CUR gl day) =4 V: o (4-7)
7 ea 70UL

F = volumetric flowrate of contaminated liquid treated(L/day)

BVbreakihrough : bed volumes to breakthrough [-]

CURS 73t7] 9l 4 (4-5), (4-7) EF AH&ol 7FedtH, (q)o BT BVireakthroughs
T37] flel A&EZAE FRAPAA gHrE dojd AT A= 3 AHA Y
AFBE AL 49 1/nS =239 3, CURH bed lifee 33 A 2] bed volumes
o] &3t 4 (4-7)A =Fe AT =T, IVt dojuA] @GS FATY A= 2T
AR AIE A @-5) - H Lt 42 1/nS Tk T HAH S bed volumeS
TE393, o2 4 47)° FEAA CURHY bed lifeZ T3t ©l2A =29 4
1/n, CUR % bed lifes} 22 FFAEAS 94T 4 = AXEES Table 4.10~4.149
e e
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(Knappe et al., 1999).

Table 4.10 Adsorption capacity data of geosmin in continuous column adsorption

test
Coal Coconut Wood

Used Year 0 31 59 0 31 0 31 59
Max. adsorption(X/M) (zg/g) 85.4* 250 62 703* 143 461 208 183
BVireakitrough ) 65512* 30345 14669 59162* 22148 31352 22580 16683
Bed life(Y) (day) 456* 206 102 411* 154 213 157 116
CUR (g/day) 1.72¢ 400 847 1.72* 459 212 313 457
k [(ue/9)(L/1e) /™) 1322 888200 98.0 782 898 648 41.0
1/n ) 0.6302 1.1567 1.8005 0.8189 2.1349 1.1834 2.1500 1.3714

* Predicted value
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Table 4.11 Adsorption capacity data of 2-MIB in continuous column adsorption

test
Coal Coconut Wood
Used Year 0 31 59 0 3.1 0 31 59
Max. adsorption(X/M) (g/g) 112.8* 214 7.8 544* 156 431 239 117
BVbreakthrough -) 78188* 32216 18121 49537* 25169 34229 24593 18409
Bed life(Y) (day) 544* 228 126  345* 175 238 171 128
CUR (g/day) 1.44% 362 685 2.05* 4.04 190 287 414
k [(e/g)(L/ug)"™] 107.6 639 348 859 451 871 537 223
1/n -) 0.879 1.4847 1.9782 0.9600 1.4008 0.9763 1.6323 1.522

* Predicted value

Table 4.12 Adsorption capacity data of IBMP in continuous column adsorption

test
Coal Coconut Wood

Used Year 0 31" 976 % 0 3.1 0 31 59
Max. adsorption(X/M) (ug/g) 685 214 72 591* 18.6 467 205 6.1
BVbreakthrough -) 50227% 27900 17689 47572* 25312 32646 21141 13663
Bed life(Y) (day) 349* 193 123 331* 175 242 147 95
CUR (g/day) 2.25% 427 702 213* 4.04 187 333 558
k [(ee/g)(L/ug)/™ 1852 1389 70.7 1522 1228 975 484 33.1
1/n -) 0.3146 1.0246 1.6868 0.6411 1.8361 0.4795 1.1038 2.7404

* Predicted value

- 153 -



Table 4.13 Adsorption capacity data of IPMP in continuous column adsorption

test
Coal Coconut Wood

Used Year 0 31 59 0 3.1 0 31 59
Max. adsorption(X/M) (g/g) 65.0¢ 19.7 55 633* 133 428 169 49
BVbreakthrough ) 56569* 27182 18406 55053* 24593 30302 18409 12081
Bed life(Y) (day) 393* 189 128  383* 171 210 128 84
CUR (g/day) 2.00* 436 674 1.84* 413 215 383 6.30
k [(e/g)(L/ug)’™] 1167 584 213 1002 497 903 409 19.0
1/n -) 0.2368 1.0236 2.0177 0.6617 1.6844 0.6819 1.1208 2.1157

* Predicted value

Table 4.14 Adsorption capacity data of TCA in continuous column adsorption

test
Coal Coconut Wood

Used Year 0 31" 8 0 3.1 0 31 59
Max. adsorption(X/M) (ug/g) 105.8* 304 171 581* 279 64.2* 320 19.0
BVbreakihrough ) 89365* 32791 21429 46441* 30202 32452* 24162 17402
Bed life(Y) (day) 622% 228 149 323* 210 226* 168 121
CUR (g/day) 1.26* 3.62 580 219* 336 2.00* 292 438
k [(ee/g)(L/ug)/™ 1398 904 749 810 766 833 804 516
1/n -) 0.5698 0.6753 0.9692 0.4797 0.9692 0.8557 0.7916 0.8925

* Predicted value
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