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Abstract

2-methylisoborneol (MIB) is a musty odor compound produced as a secondary metabolite by some
cyanobacteria and actinomycetes. It is lead to distrust in tap water due to taste and odor. It is well known
that activated carbon (AC) adsorption is the best available technology to remove 2-MIB and geosmin. In this
study, physical characteristics of virgin AC and reactivated AC was compared. The effect of variation of NOM
molecular weight on adsorption of 2-MIB in virgin AC and reactivated AC were also evaluated. BET surface
area was decreased by 13 to 23% and total pore volume was decreased by 18 to 21% due to first and
second reactivation compare to the virgin carbon. However, mesopore volume (V) was increased about
14% after reactivation. It showed that micropore volume was decreased and move to mesopore or
macropore after reactivation. Decreased adsorption capacity of 2-MIB was greatly related to below 3000Da.
Adsorption capacity of 2-MIB was rather greater in virgin AC than in reactivated, which is strongly related to
micropore volume.
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Table 1. Characteristics of the raw water

Charzcteristics of the raw water

DCC (mg/L) 247
Turbidity (NTU) 44
Alkalinity (mg/L as CaCO;) 43
pH 7.49
UV 54 {/cm) 0.0352
UV, (flem) 0.0266
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Table 2. Mass balance of raw water after fractionation

£ 28 10000Da O] A 10000 ~3000Da 3000Da O|3}
2K(L) 274 13.2 7 7.2
UV(/em) 0.0352 0.0506 0.0398 0.0146
UV /om) 0.0260 0.0413 0.0310 0.0116
DOC(mg/L) 2.47 3.14 2.12 0.901
mass(mg) 67.7 4.5 148 6.5
total 62.8
mass fraction(%) - 61.3 218 9.6
- loss 7.2

2.3. 0] - #o|(2-MIB) &M

2-MIBo| #FA]eF-2 Wako(analytical grade, Japan)
20mg(4) S E£3AA AHEETh 2-MIB #4&
9l s A &9 SPME fibere NO. 57248-U
(DVB/CAR/PDMS) o]l 2%, SPME holder= No.
57330-U& ALg3titt. & A 2-MIB EA4 &
SOml =W o NaCl 10gS F¢ shed 60~70°Ce]
LA o A 3087 wREA] 7 A] EEE 2-MIBE fiber
d 3 A7 % GC/MSD(Agilent 6890N/MSD
5975B) 2 o] &bl RASAT. HAB
modeZE o] &-3fe] 2-MIB9} 7§ 9Sm/zZ A&l
AEHP7E e GOMSDe] SHxde th&
Table 3¢ JepfATE.

HA] O

AL Scan

2.4. BET & &3

Ak} af e
o ARBAE
(Micromeritics, USA) &
IEE BT

= T

N

g

94 1241 M8 F-400 41 EH(Calgon
carbon Corp. Pittsburgh, USA, F400)3} F400<] A4}
13](F400-1), A4 23] (F400-2) & AH8-atsiet. €4
e GAA HAuew, EAA 212 dx, @3
2 AA AR, AFAEE 254
F9 F71%e 1.2kg HO/kg GACL.Z HF 2%
900°Cz AAstgct. 2-MIBe] S2g2a3
gt AA T 27 s EolA BT ¢
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Table 3. The operating conditions of GC/MSD

tems Condition
Column HP5 (30m x 0.25mm |.D x 0.25m)
Carrier gas 99.999% He
Oven temp. hold 2.0 min at 40°C

increase 14 min 15°C/min
Quantitation Scan mode
Injection temp. 250°C
Gas flow 1mbl/min
Gas pressure 7.05psi
Aehe TAAEE o] f3lo] 325mesh ol5tE B3}
of ALgelRa W Folt 03mge) oapA A
2 243 Foaq AHgE AR g3
330mio|¥al AlEY HEHE FEJe €= Lid
g ARg3tel YA oH A7) 4z vaid
$ Aol Bawe] Folgd ge dzEe T
A FFE BEEo e of - A A 2-
MIBe] #71% %8 208~265ng/L2 spikingst¥ .
RE A4 2 Tumblero]A] 10RPMS] £=2 wyt
93 42U Fol RE MES 0|27 FalE B4
< AAE7] Y3 0.45um Millipore membrane & 2

kel 24 BHEAG FA BA] Bobs & 7
T 4°Ca YA &5t

2.6. 247(7]

g = Model 2100 turbidimeter(HACH) & A}-8-3}
fem DOCE Combustion ¥2e] Analytik Jena
multd N/C 3000 (Analytik jena, Germany)2 o] 2319
12 NPOC(Non-purfeable organic carbon) ¥ ¢
NDIR (Non-dispersive infrared detector) 2 £A135}53
). UV absorbance= Analytik Jena SPECORD



Journal of the Korean Society of Water and Wastewater
Vol. 21, No. 6, pp. 671-678, 2007

AV} A sl A 2121 67]

E49] $x}o] o] - v (2-MIB) F&5dl v]A] &= A

200(Analytik jena, Germany)Z
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Table 40 A= BET 1sotherm0ﬂ sl 23 =
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Table 4. Characteristics of activated carbon before and after reactivation
samples surface area (m?/g) Vi (cm®fg) Ve €M) Vineso (€MQ) Micropore area (m%g)
F400 1373 0.75 0.32 0.43 816
Ratio of pore volume(%) 100 43 57
F400-1 1186 0.61 0.21 0.40 612
Ratio of pore volume(%) 100 34 66
F400-2 1057 0.59 0.20 0.39 600
Ratio of pore volume(%) 100 34 66
breakthough-F400 754 0.37 0.20 0.17 428
breakthough-F400-1 761 0.42 0.21 0.21 490
breakthough-F400-2 703 0.40 0.19 0.21 429
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AT $5F FATS et A 8139 28]
3.2, X2t wistol m2 Aletat xjAEte] of - A9} Freundlich 44 Kgh& BET#e| Hgol= &+
F ol %= g7t dta A9 vl FAEALE YERIAT. o3 2
3.2.1, A Aad AgAgddA 2-MIB &2 Be 2Ee E24 54 Wse A4 12 =
H7HEY #AF) o) Mgk F-4000 H&) AMee] E21A 54 Wi}
Qut o2 Freundlich SLEFZAGCNA 1ol 2 71 783 9902 Alggd 44802 of - 4
Bt & 2% %%12“«] 1877t AR B8 B A2 G4 uAFFo] Bd =
g2 AL FHEAC] & AAHA efon, FiaFol sttt BaH 1 )it Table 40X
1/no] 0.1~0.5% § FF%o] Lolaty o Mo W ehd whe} Zo] Agke] A4V, T V& & B%E
e Kgte]l 242 Fa%0] $Fav A4 & dehiAda AR L 289 BF Vo HEe 9%
g FEHst Yot Bndn kg 8, 34% ATE dehdo] A &V, o BlEo] &
2001). Fig. 176 Fig. 38 59 5 2AN 2 ZAHAR Vo vl&o] gl vls) %Eﬁx—iﬁi
2 W8 (3000Da °]3}, 3000~10000Da, 10000Da ]  o}A znxgaoﬂxu o - Hul2A Fa% Pad F
Aol mE F-400 Algtat A AgeoAe] 2-MIBS] & @ 492V, o A 4Gl dg AR A}
25 Wste JeERU /T Fig 194 & 2-MIBY] 7]
5% 212ng/L, B4 3,000Da o] oA gkt A
}gE}OﬂHﬂ ii}b% _'XL;]—O:‘ OB:] Fig 10" L}E}L} " 2-MIB isotherm(3000~10000Da)
e} 7+o] F-400 Alete] 7% v‘i':x}ak 3,000Da of8F  _  [ammcezomgn
SAE Freundlich 4% Kzkol 3.93 A4 159 A% § |0 g
102, AN 289 % 1438 UrEMM FA00 ek 2 ] 5
of Wl AYGANY Fagol e gase AR § | Pz %
2 Jehgth. Fig. 29 B4 3,000~10000Da2] £ o e
7% F-400 Aeke| & Freundlich 44 Kgte] 5.50, £ e
A 1209 A 169, A 289 A 2008 vep F ' o ro
Wik, Fig. 3ol B2k 10,000Da o] oA F- e T i s
40041 gk9] A% Freundlich A4 Kt 6.25, A4 1 1 10 100 1000

Blo A 2.55,
MIBe] &#%

A 229 A9 2488 vehfo 2-
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Fig. 1. Comparison of adsorption capacity for 2-MIB affected by
MW of 3,000Da on F-400.
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Fig. 2. Comparison of adsorption capacity for 2-MIB affected by
MW of 3,000 to 10,000Da on F-400.
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Fig. 3. Comparison of adsorption capacity for 2-MIB affected by
MW of 10,000Da on F-400.
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A Bdo] e A FHoz

Fojol mE 2MIBSl F3% WaE nela o3
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| — |
EZ-MIB isotherm(F400) 3000Da below |
t 2-MIB C,=212ng/L.
[ T g™ pocceimn

3 3000~10000Da
2-MIB C,=220ng/L
DOC C=1.14mg/L

e

10000Da above
2-MIB C,=208ng/L
DOC C,=1.10mg/L

Solid phase concentration, q(ng/mg)

@  3000Da below
©  3000~10000Da
3000Da below  3000~10000Da  10000Da above v 10000Da above
5 [k=393.1n=0492 k=5.50,1/m=0.425  k=6.25,1/n=0.480 Regression
1 10 100 1000

Liquid phase concentration, c(ng/L)

Fig. 4. Comparison of adsorption capacity for 2-MIB on virgin F-
400 with various MW fraction.
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5}71 2-MIBe] 2ol n)X]& GgS H7Hek Rolr},
Fig. 4041 Wb uhe} o] Mgt F400) & 2}
% 3,000Da o)stol|A] Freundlich 44 Kzhe 3.93
ek 3,000~ 10,000Da o] &2 A% 550,
10,000Da o]l & 6.258 vehfo] 10,000Da ©]
A3} vl mete] B2 3,000Dao] A Freundlich AH:
ftol % 37% A= gase AnE Yehiold. o
B Atz & 1 2-MIBY F3tojA] Bz
10,000Da o]4to] 212k 3.000Da o]t} A e

3000Da below
2-MIB C,=212ng/L
DOC C=1.22mg/L.

2-MIB isotherm(F400-1)

3000~10000Da
& 2MIB C=220ng/L
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10000Da above
2-MIB C,=208ng/L
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5
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Reh

@  3000Da below
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k=1.02,1/n=0.568 k=1.69,1/n=0.497 Kk=2.55,1/n=0.422 —  Regression
1 i L
1 10 100 1000

Liquid phase concentration, e¢(ng/L)

Fig. 5. Comparison of adsorption capacity for 2-MIB on once
reactivated F-400 with various MW fraction.
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1 8 N

1 10 100 1000

Liquid phase concentration, ¢(ng/L)

Fig. 6. Comparison of adsorption capacity for 2-MIB on twice
reactivated F-400 with various MW fraction.
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Table 5. Comparison of Freundlich constant K and 1/n value for 2-MIB with various MW

3000Da below 3000 10000Da 10000Da above
2-MiB
K i K 1/n K i
F400 3.93 0.49 550 0.43 6.25 0.48
F400-1 1.02 0.57 1.69 0.50 2.55 0.42
F400-2 1.43 0.49 2.00 0.41 248 0.54
F3 sited] diF Fg BAE st AdAer  =A nEHoAc & Aew AlgE
3.000Da ©]3te] Ea}eko] 2-MIB 283} &3 sited]
et Za AL st FANT Kt g2 F2 ALY 2
foloz 28 o AgE Y, Fg. 5% Fig.
64 A 139 A 23]9] SRR AE - 2 d7e sddgn aldHe Al F
40012t} Freundlich <= Kghe < 2~3u) H% 27 fFHAFUT
el w A4 o2 218 3 000Da o]3te] RE
2AdelMe] 2-MIBe] e ade d9E v HAUES
BRligiTh. olg @t A7 23+E Newcombe &o] A4
g zpe Rajeko] g4 Eke] micropore volumedl] 7} LAARA, 345, AE4 (2007) BAE E2R M &3
A7) 9L uA H=s Bk 4R 2-MIB ghe] A9 2 1}@%71 A3 o} - #vl(Geosmin, 2-
o s MIB) s#540] B¢ A7, Feirrgsl, 210),
294 SAWAZ FHAET P2ANRE 9L 0
ek 39l dA A 2u94, 5EE AT, Ned, 4014, £8F, o4
& (2001) A FAHAA AT QAT 32
5. &4 B 54, disteby FeFs]A], 23(6), pp. 1001-1012.
3345, 444, edA (2003) BEdE ¢4 °] 24«
At vjmate] Se A4 FolE BETE 3~ i?"" AT 9%, JHTEYAL 170), pp. 378
= ~ V]
3%, Ve 18~21%% 7F2stdtt. A Al A 4. Newcombe G., Morrison J., Hepplewhite C. (2002)
Viie Vi 45 A3 vlaste o2 542 "} Simultaneous adsorpton of MIB and NOM onto activated
E]-LH A=t A Ve B%, Vieo 57%, AR T carbon: I Characterisation of the system and NOM
Ve 34%, Voo, 66%% YER O] AA 3 S adsorpdon. Carbon., 40, pp. 2147-2156.
,] ARG 27 = AHE YA, 3 5. Cook D., Newcombe G., Sztajnbok P. (2001) The
o™

3}kl A micropore volume®}t Bl EH A o] W= Al
g QA gl A ATk atol & YehA] ¥sich &
gerel A 2-MIB &35 Zad b A dgE v
e AAR7IEA FAFL 3,000Da o]&kel Ao

2 el alg 4002k A Al 2-MIBe] &
A& gl A wnA A Jdebded o]z

A A4 &
volume ¥}, mesopore volume®] H|-& W37} )A€l
A 2-MIB &35 Zad 8 9Q1o® Yyt
ol¥g 2= & v AYTHE =AU AN
AHEAl B etel Be)A 54 wsket 2-MIBO) nj g
71528 % AR e AT AR FHAATL

total volume 9] 7449} micropore
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