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ABSTRACT

Naturally occurring taste and odor problems include those produced by micro-

organism, notably algae and bacteria. The major compounds causing taste and odor

are MIB and Geosmin which can cause earthy-musty at very low concentration 9 ng/L

and 4 ng/L. respectively. Especially, the problem is very serious from summer to fall

in source and finished water. It is well known that using PAC is one of the best

technology to control these compounds in drinking water treatment. In this study,

optimum dosage and dosing time of PAC were observed with the adsorption isotherm

experiments in single and binary compounds. Also, the effect of natural organic

matter(NOM) was investigated by using a natural water with JSW. The adsorption
capacity of Geosmin was higher than MIB in both with NOM and without NOM. The
adsorption capacity of Geosmin and MIB was 4 times lower with NOM than that of
without NOM. which was caused by competition adsorption. When the initial

concentration of Geosmin and MIB were 100 ng/L in JSW, at least 4 hours of reaction

time was needed to achieve 99% removal with 20 mg/L of the PAC.
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A@A NN B SE 1AM FAE F2 ZFU gelgots} 2L nYEo] AR A 79
Pt ol n| o} BEF HUAEAL F2 MIBY Geosmine 24 o]& 9 ng/Le 4 ng/L9l ©}
F ATTAAE EF FFo] YAE dogith AFHYFH e BLTAHEE o| &7 o]F
0] FEEA Aol7l&e] F gelA Utk B AFoME GAFET o] EA oM Fat
TAEE Bt HAH PAC FAHT} WAzl sl nAEGP o EF Y58 o] L3}
o FFo TIE AAR7IEAY dFE nAAT. AFEH AQ/7I 8 2o TAY
°] Geosmin®] &F&%Fo] 3o, AAR7IEH] A A$ MIBS Geosmin BF 4
v Hro] F&% A3te BT 271%% 100 ng/L A% 959 A$ 99%9 AALS o
7] M= PAC ¥4 % 20 mg/L, 4713t o)) wgAIZHE e g sty

FHO] : Geosmin, MIB, AIR71EA, F3
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AR 279 Y B T ot - JA FEE
AL dgxdoz 2-MIB(2-methylisoboroneol),
Geosmin(trans-1, 10-di-methyl-trans-9-decalol),
IPMP(2-isopropyl-3-methoxypyrazine), IBMP
(2-isobutyl-3-methoxypyrazine), TCA(2,3,6-tri
Fo gA At o & MIBg
Geosmin< actinomycetes, blue-green algae =
2|3 cyanobacteria®t #2 ZFo} n|Y &) 3
HYsE Ao oA e EHQ 030 &2
24 247} 9 ng/L$} 4 ng/Le I01H FEoNA
T Folu FFo] WAlE sl o)FHujo 2 o
& 3 Aoz gaA Ut 4P

S

chloroanisole)

AA olHv] EFE AA3NY] A% A AR
FRo2e EU¥IS(powdered activated carbon,
PAC)el 9% F33H o) L:'lal o]£E 1 glon 9
€ BollAe ojFn EAle HE 7 2F
9} vjyEol FFE o "a'*]@.ii A g
PACE 1 A7]dl %3 A8y Q3
(granular activated carbon, GAC) Z3& 4x
3t g3t A Boh AAHQ Aoz A
th.® =g o2 e o] 0] FABHL ul S pgo g
EA8m, PACH 23 HA A9 RIS
Ao Fx9t 353 B wel & 9E v A
o2 gA UAt.” a2t olej @ AP B3

o o}z FFAH Hrrt o] FojR]A] REm UE
A7 eltt. MIBY} Geosmin®l 7% 940 In
o2 ZAER FFEMo] ol AEY PACA
2o W& MIB9} Geosmin A A w& z+ 231
o} 4 motelrldl ozl ¢ 89 F9 sz %
&3tz Ut

getd, B AFdME Z&EF GeosminF
MIB7} &8 weo F25e Hrlatgn, 2
BEraA AHAT B AHEs AA /I EA0
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on HAH BEoFE £&37) st PAC o
o] Qigle] W& AAEE 23U
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2. Ayl
2.1, d8N=

Ade] A4 B d3GE Y82 @
F-400(Calgon corp.. Pittsburgh)€ 100X%200
(dp=0.11 mm)® 325(dp=44 ym) U. S. Stan-
dard mesh °l3t2 EH 3t} Al&3tdct. MIBS
Geosmin(Wako, Japan)® stock solution
acetone®] &8]A1A 400 mg/Le FE2 A x3o
AHg-atath. & 8vl2E CS2(J.T. Baker, Japan)
£ Agsn, AH L AdezE CS acetone
(Duksan, Korea), dichloromethane(Duksan,
Korea)g AHg3iich Aol AL8@ B 25
(laboratory clean water, LCW)&} ZJAFFHE
(Jamsil water, JSW)9] & AM&3ldn, 49
EA& Table 19 YelAATE

MIB® Geosmin®] F&ol& CLSA(CLSA-2
System. Brechbiihler, Switzerland)& ©] &3t
o, Fig. 19 #A =& Jellidtt. £3 DOC £
Ao DC-180(Dohrmann)& AHE-3tR .28, UVass
BAe gpectrophotometer(DR-4000, HACH) &
AL&-8t9 3, CLSA AA & ©] 838l &8¢ MIB%
Geosming GC/MS® GC/FID(HP 5890 series
II, HP 5972)& At&dted AA - FFEA st
g =& Turbidimeter(model No. 2100, HACH)
2 pHE pH-meter(model 420A, Orion)& A&
Eigid=g

2.3. AUy

2.3.1. Isotherms

MIB$} Geosmin®] &35 &24S 47] 93t &
A 2715 EM e FE WA I)E bottle
point isotherm& AH&-3tA . B €L 325 mesh
ol3tZ B3 ¥ 0.1 mgd APHY oA 3
g3 2359, o] A F& ANA 7Y

Table 1. Characteristics of source water

Source
Turbidity (NTU) 6.4~6.5
UVzss (/cm) 0.023
DOC(mg/L) 1.80
Alkalinity(CaCOs mg/L) 20
pH 7.3
Temperature
controlier
\9 ' Heat block
Trap

T

§

Pump

/
/ N

Waterbath
(thermostated) Samole Bottle

Fig. 1. Schematic diagram of CLSA-2 appara-
tus.

1,225 mLe] AlgWel 4T F A 8& 7128l
fA3) ATt AEHeY 4L HEZEc: I
AL AHgsislen f718 Bag HAastEr] A3t
o ZAH-g ALSEAY A8 879 AlBRE 1E
2 8] ¥HAA] (tumbler)olA 2F 10 rpme] §%
2 397 wrgaien, 279 Alge E4¢0] §l
£ controlZ 3 o] & A9 ZIEER YT
39 Fol A8 E A A Ado] FFd EA
e A AAE AARY] Adtd 1.2 pm Mill-
pore membrane®} 0.45 ym Millpore membrane
& A g8l o3t &, FA] CLSA AAE ©] &3t
¥ZA2 ¥ GC/FID2 43¢t Freundlich
F24g FFE 4oz AR
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2.3.2. Kinetics

248 20 LY 8719 A& F MIBS Geos-

min®} stock solution® Alg-3ld FUF F==
ZA st FUE Fo) PACE MNEHdl ¥e ¥ m
v of Aasted A|7ke] Wisle] W AALEE 1
st ol Al&¥" PACE 325 mesh(44 um)
£ 99% ©°14 T3 F-400% AH&3tlon, PAC
o] Roj#d] W AALE AV Y3, PAC
o] %% 5, 10, 20 mg/LE F7MA91 1, ¥H-gAIZHe
0. 15, 30, 60, 120, 283 240¥-2=2 3l 4%
k. AARIVIER] EAZe A AEE
JSWZ 3l 9j¢} FdT o2 sigen, AR
71€4e] AAL vl P& n@sgh

3. &1 ¥ 1¥

3.1. ctAdMEAH el 2-MIB2E Geosmingl
A

3.1.1. Kinetics

Fig. 2¢} 3o MIB®} Geosming Z&4o] £3)
A7 B35 PAC 5o F A2t op& AA &2 YE
YAtk o] @ MIBS} Geosmin® Z7l5=Ee 242
109.97} 126.0 ng/LelAt}.

MIB9] 2% PACE 5, 10, 20 mg/LE 59%&
Z7HAZ 0l Wt FAR Yo z2dte S Ha
stgom HE Jesteld JFelMe FzZE 1
ng/L °13te] ¥ F=2 o 99% °]43el MIB7}
PACY &28 FHYE ¢ & Udn, F24HY
T=28le AltE PACE 5 mg/L F3E W ¢ 2
AlZE, 10 mg/L F48E b 1A, 2813 20
mg/LE F4¥d< W o 308 A2 dehy
PAC Roj&o] F7tgtel uiet HHe| =este Al
Ztol MY oz 7Hidle AYE B Geosmin
9] %% MIBS} vl37IA2 PAC §9%S B¢
A F7HA el whet FAH Yo mddte Al
1A 7HA 15802 ZAasigoen, F38Yd =g
AE wo] AFeMel Fxe MBS} shrix =2 1

120

2-M1B
100@  Co=109.9 ngll

—e— PAC 5mg/L
0+ PAC 10 mgiL
—v— PAC 20 mg/L

80
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40

Residual Concentration (%)

20

Time (Hr)

Fig. 2. Variations of MIB concentration in
batch adsorption using LCW.

Geosmin
1006 Co=126.0ngiL

—e— PAC 5mg/L
-0+ PAC 10 mg/L
—v— PAC 20 mg/L

Residual Concentration (%)

g g

Time (Hr)

Fig. 3. Variations of Geosmin concentration
in batch adsorption using LCW.

ng/L °l3te] ¥ F=2 et PAC &) &3
o] Z ¥ Bt olyg} PACH & AAI AHHQY
Aoz Jetytet

3.1.2. ctddEo EXS24d

Fig. 4¢} 50 @A &AM 27528 W3
AA7 s PACH 9] 8 MIB® Geosmin 254
< YeRlAT. Fig. 4914 MIBe] 271558 64.9
~206 ng/LE WA A 710 27527t F2A
X e dFE AW E i 42 xR A¥A
£ Bor ol PACH 9% FFHAAA 2%
=t vA e 9 34 ¥3E BAE Ao,
ol®¢] Freundlich &4 k&2 7.18°1 2, n#t
0.36°1Att.
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2.mi8
Co™64.9 - 206nglL

k=718
n=036
X ' =0.85
1 10 100

Liquid phase concentration, Cg ( ng/L )

Solid phase concentration, q¢ ( ng/mg )

Fig. 4. Adsorption isotherm of 2-MIB in LCW.

]

§ 100 Geosmin

g Co= 105.3 - 222.1ng/L.
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Fig. 5. Adsorption isotherm of Geosmin in
LCW.

Fig. 59 Yeld Geosming Z$+E X7|s:E
105.3~222.1 ng/LE W3AA 78 $y§ A7
271%% 27t F3 vl)e JFS FHEA AR
o] olu Freundlich &% k¢ n@& 4z 14.45%
0.48°]1t}.

3.1.3. o|d &AMl BES24H

Fig. 63} 70l 271X/} ¥]5& MIB% Geosmin
o] o] JBANMe FHAFHE dUFRANA
FAseMn 34 dehlddch. o] AEA AEelA
MIB% Geosmin®l 7] ¥x¥€ ztzt 222.6 ng/L
9} 230.5 ng/Lolltt. Fig. 6914 VeR wiel 2
o] PACY] 2% MIB &F2Hae o] 2AldA B
AEART A ZAasA ge Aoz vEytey
SGAddEAM e MIBS k@& 3.03°|U%2u

Geosmin®] F&3le ol EAdME 1.4622 A

g, 100 } single C = 240.0 ng/L 5
? binary C_ = 222.6 ng/L
i
B
€ ° .
8 o} o
c
8 o
2
2 binary —e— single
1 k=146 -0 bina
3 n=078 y
4 A \
1 10 100

Liquid phase concentration, C, ( ng/L )

Fig. 6. Adsorption isotherms of MIB with
Geosmin in LCW.
E single C, = 239.9 ng'L. o)
? 100 | binary C, = 230.5 ng/L. -
; Q
: [ ]
8
% e .
b 1wE o
4
& :"_“"_yn —e— single
% n=0.51 -0 binary
w , | N
1 10 100

Liquid phase concentration, C, ( ng/L )

Fig. 7. Adsorpion isotherms of Geosmin with
MIB in LCW.

gk 7i7te] Zadte A%E R 2y Freundlich
A4 ngkel Wslz st AA A FHF #Ha
g AP oz Yridyle ogen, F EF A
e AAA FHoE i FH%9 AL o] F
oyt Atz €t}

Fig. 79148 o] Geosmin® ZA$€ ©YAAE
Ao Mol kit 12 45914 MIB7F M3t v=2 &
Aste | EA A 87622 Fadte AYSL B
fen n@g= 4z 0.487 0.512 vjud IdF T
Aoz Hol T A Juye AR FRe=
30% A= &35 AeE B Aoz JEwd,
YR oz A {7 18>0 F&EIe AT
g Bdol O & /7189 o I 9¥E F
e Aoz ¢3A ded ole AN 7zt
o Fado] ¥AH FF sitedl 43 AYHoR
FHa7) o) F3Y 5ol Adtee A2 U
A ek B Age A3 o)A RANAME FRE F
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3.2. MARVIERS E=X|StolM el 2-MIB
2} Geosming EiEM

drdee I f71880] F&dn oy
ol UL A&y B YA &3
23} dAY3he AA-37184 (natural organic mat-
ters, NOM)olt}. o|FulE HEsle WEHA 2
2 2-MIBS} Geosmin®] 3% ZF9 Y& uly
=9 A& o3 FAYsle BFE 1 ¥t
Fu|Fe g EAE7] g Eo AA AR s}
o AARVED LS 53] FHZHAN AL o
& vz, gy, B dPode A2
EAgtol X 2] MIBS Geosmin® FHEAHE n %
Eiga=d

3.2.1. JARIIEE EX5toM el 2-MIB}
Geosmin®| Kinetics

Fig. 8% 9ol zAAAR718A ] EAslels PACA
o3 2-MIB9} Geosmin®] &2 A && A7t "45]'
of wzt vehliich dEe] A4 FFdSy
JSWelRlen ddE 3% Al7]1el DOC %Et
1.80 mg/L, UVasse 0.023(/cm)el 1, MIBS}
Geosmin< stock solution® A&t 21 {718
Ho] F&AFH| vAe T nFagon o
F 39 271% =€ MIB 104.3 ng/L$ Geos-
min 120.7 ng/Lel}.

Fig. 8 JSWell glojA] Ajzle] @& MIB A A

&+ JehllEd PACE 5, 10, 20 mg/LE 5o
FE AA S71eel wel FAY Yo =@she AT
< ZA2dte AEE HYon FRHIFeoA o
BollXe] FEE 48.2 246, 18]1 4.0 ng/L2
°l€ MIB AMAEE AWEA 536%, 76.3%,
96.2%°14t}. Fig. 2914 UehUd ups} 2ol
AAf71Ed0] EAFR e 29 MIBY H¥
e Bt Al AAEL PAC 5 mg/L 0| F4§)
<4 99%°19e< nels B o oj4te AFE a2}
dR7I2do]l MIBY AAE vAe Jge 4

120

1004 C,=104.3 ng/L

—e— PAC 5mg/L
~0- PAC 10 mg/L
—v— PAC 20 mg/L

Residual Concentration (%)
38

Time (hour)

Fig. 8. Variations of MIB concentration in
batch adsorption using JSW.

Geosmin
100 C,=120.7 ng/L PAC SmglL
-0 PAC 10 mg/L
80 —v- PAC 20 mg/L

§
!r
60 -r
|
|

sl b

Residual Concentration (%)

20+

Time (hour)

Fig. 9. Variations of Geosmin concentration
in batch adsorption using JSW.

B3] Ackes AL ¢ F UNen MIBY 275%
olA olFHu] R E=A 9 ng/L7AA AAB7 98
£75 e MIB AlA&L o 92%°|2, ol PACE
20 mg/LE FAHE o) oF 242ke] FEAZME 8
T3he AR SN 4 itk AA FERoag
PACS} MIBS] HFAIZbE M2lgA ol wa} 243
ol g mels) B o, ¥ Ay AL Ut 4
T EAdte MIBY FEET v 4 sy
TR oY oF 20 mg/L ©1432] PACE £ 3lo
ofgt MIBel &]3t o]#v| HAL WA E 4 e A
o2 Azt

Fig. 9ol Alzto] W& Geosmind AALL et
Wglen, MIBS} 5Y§ 2002 PACY Bdo
€ F7MAE 4% Geosmin® FA oA §4
AMe FEe 17, 2.8, 281 1.40 ng/LE AA
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£& 86%, 98%, 99% =2 F7Fst o8 Fig. 9°lA
02 Geosming®] Z7]F =M 4 ng/L7HA] AA
71 48l a7sE AALE 971% o132 o€
BZEA)7]17] e PACE 20 mg/LE FARE
o oF 1A1Zke] HEFAFE 8730 PACE 10
mg/LE FAUE o & 4A1T o} 3] HENLE
gz st £ dHeA Foiz 2rlFexst o
Aol HyAe] PE2AE meis) B wW PACYH
*E 10~20 mg/L ¥l Geosminol| 2§ o]
o ZAE PR F UL Aoz YA},

3.2.2. XAARIIBE EXfStoliM el 2-MIB2}
Geosmin®g| Isotherms

Fig. 102 11¢] zAA #7182 EAA 27|52
7} 843 MIBS Geosmingl @4 EAlol e &
F5 M o)A o FHAF2HE A Y
el o] £ Aol H 2] MIBS} Geosmin®] %7
$5¥ 22 86.7 ng/L8} 68.7 ng/Lelitt.

Fig. 100148} Zo] A EA A2 MIB9 k
&2 1.56°19 1 Geosmin®] FE3He o] £A ol
HNE 1.9622 MIB 3% o] 4 A A ¢d4
FABY AA adA = ¥3t) ole AARIE
do| EAdte A5 FAFHAAM 95 Fol MIB
9} Geosminel ZAjgtttn dtjgle JFujFgez &
Asl7) wBo] APHAC & FE2 EAED
' AQdR7IE=o] AAMAA FHZFE AH A =
22 MIB% Geosmin ¥ BZIte] A=A &%
Mg} ol Holx e Aoz BHEC Fig.
11014 el wie} o] Geosming ZA4= @Y
A EA M el kghe 3.890I02ut MIBs} B &%
S22 EAde oA E 27022 g4 2
2571 st oy ada & atolE JellAle &
stth. MIBS] -9} ol37kA 2 Ad K71 €20 F
Zo] A3 Geosming F= Er} 953 =&
»=2 ZA3l2g MIB® Geosmin ¥ 3 4%
tel AR FFHOE ADR7]EZ] Fit
X g gao] A =27] W&o iR E HFAH
Ql F32te] o] ¥ oz Uenith

| 2mB
single Cg = 91.9 ng/L.
binary Cq = 86.7ng/L

—e—single -0 binary
k=156 k=1.96
n=0.48 n= 0.45

Solid phase concentration, q, ( ng/mg )

1 10 100

Liquid phase concentration, C, ( ng/L )
Fig. 10. Adsorption isotherms of MIB in JSW.

Geosmin
P single Co = 80.0 ng/t.
binary Cg = 68.7ng/L

—e—single - -0 binary
k=380 k=270
n=052 n=049

Solid phase concentration, q, ( ng/mg )

1 10 100

Liquid phase concentration, C, ( ng/L )

Fig. 11. Adsorption isotherms of Geosmin
in JSW.

4. 2 E

CLSA #X & o|&3ld %% - &394 GC/MS
9} GC/FIDell 9j3te] o|Fu] fiEae] dEH 4
£ 2-MIB% Geosming A ZE4 sttt LCW
o} JSWel digt o]Fu] Edo FaF 4EE 9
T Ane o33 2o

1) LCWelA FaH Yol sl Al 2-MIB

9] % PACS %<& 5, 10, 20 mg/LE
Z7'A el whel Zhet 2A13F, 1213, 3082
2 Jehdon] Geosmin®l 7% 5 mg/Le
PACE FosldE A% AL 28 & &
97%< AAEE Bt

2) Isotherm A #°l* Geosmin®] 2-MIBEt}

oF quj9] ] F& FA5E VAT

3) PACel 93 5 £d9 F&%5l oA 27

FobuXe 4SS ANE 2 S 82 R
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4) 2-MIB®} Geosmin® GdAEA S} o]
Aol AAAJ F&e I 4y & A7
LCWe] 7% o] EA9l- Geosmin®] <F 30%
o] F&5F A3E BYE B JSWoll oM E o]
AEACM Fas M3k BolR] gkt

5) LCW¢} ¥lwdte] RAF7]1EZe] FAlo &
Adte JSWel loIA 2-MIB2} Geosmin®
39 2zt 30%9 40%9] &35 HEHE R
et

6) 2-MIB$} Geosmin°] NOM# A2 &
A& e A FHE4T7F NOMo| &A1
¥ 729 vaste @A A4S Jely
At
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