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ABSTRACT

The degradation of off-flavors which is 2-Methylisoborneol (2-MIB) and geosmin by means of ultrasound (US) and
pulsed ultraviolet (PUV) irradiation and its combination with catalyst (wire mesh, wire mesh coated TiO,, and TiO,) and
additive (H,O,) were investigated via water system. A combination treatment of TiO, and H,O, heterogeneity with US (24
kHz) and PUV (6000 W) has shown improved results in destroying 2-MIB and geosmin, which may be attributed to chain
reactions by the enhanced formation of hydroxyl radicals (-OH) through H,0O, dissociation and reactive oxide ions of TiO,
addition. Rapid degradation of off-flavors occurred within 2 min under PUV process with H,O, 100 mg/L (81.5% for 2-
MIB; 79.3% for geosmin) and TiO, 100 mg/L (83.7% for 2-MIB; 79.8% for geosmin), while compared with H,O, 100
mg/L (58.4% for 2-MIB; 58.0% for geosmin) and TiO, 100 mg/L (59.2% for 2-MIB; 38.5% for geosmin) within 5 min
under US process. Surprisingly, the emphasis was given on the comparison with the same injected energies between PUV
and US on degradation efficiency. Based on the injected energy comparison, the US provided better degradation
performance under equal input power of 200 kJ with H,O, 100 mg/L, while compared with H,O, 100 mg/L under PUV
process. Our findings suggest that US can be more effective compared to PUV for the degradation of off-flavors in aspect

of energy consumptions.
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Fgo] F7FRe Ao] dHA Utk AL 38 &&
IS Sl YardoE A8u= Tio, 59 FEE At
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PUV A|2Ele {8824 90L9 stainless A& ¥k
%9} temperature controller, power supply(Green &
Tech., Korea), PUV lampZ 7A3I3th. &2 A|AH &4
S BF37) Y8l PUV lampEHFE 10ecm Ao 100
mLe] AIEE ¥e A8 HAAK F 6,000 We| =
Hog 0, 1, 2, 3, 4, 5, 102 &% PUVE AR &
AE A8 US A8l F8-82 319 stainless
A whay wheE, 253 X (SEE-SONIC, Ul-
Tech., Korea; 580kHz(200 W)) %! temperature controller
= 7381

22 AEME W 2AuHY
Table 12 2-MIB%} geosmin®] €WH¥Ql 545 e+
W Zolt}. 2-MIB9} geosmine sigma-aldrich AR =%
99% ol AFES ARESIRoH, Ajlo AREE FHid
TiOy(powder), H,O,= sigma-aldrich A}2] extra grade
A2, wire mesh(coated TiO,)= <=3+ Titanium
wire meshol] Ak 7127 2E furnacedl] ¥l 600°C
of|A] 4xI3t Bt THast AlRbetd ARS-SFATE.
e Solid Phase Microextraction(SPME) S
o]-&3le] GC/MS(Agilent 6410)E EA1511tt. 2-MIB
2 geosmin A4S 9t 212 o ZTh SPME
fiber= 65 um PDMS/DVBE ARME-8FAL, sample &5+
5

60°C, extraction time 30min, desorbtion time2

min®|ATH Table 2).
3. 8% A F

3.1. S0 % 2xN F=of g 2-MIB2} geosmin |
784

PUV 2 US ZAE ol&ste] Hd AlA &S 41
2} PUV AX|9] Ho 2891 6000 W 7104 A+
A7 (Lee et al,, 2014)5 BIESZ TiOy(1, 10, 100
mg/L)2} H,04(1, 10, 100 mg/L)E 75l A3siar
Zoff 2 WZA FUo| W2 2-MIB AALL Fig. 19
YERATE. A7l mE AAES Blws] & 2y} puv
ZAMAL 10 2l 99% AAEE RS FRIster,
H,0, 10, 100 mg/L, TiO, 100 mg/L FYA] A|AE0]
P, tE 7ol tisixe §hE AR F 120
ks W] AAE] Fdshe B3s BIoL, Alte] A
ol we} puver 2AKSE 799 HIssgh AlAES Bt

ShH USY 49 99% A|Ad A8F= ZARIZES 50
i ollen, sEo] Auts A9 H,0, 10, 100 mg/L,
TiO, 100 mg/L =02 £ AAES RYor, A7to]
Aol we}t AAEe] WHile 30FoE Uro] A,
USEF ZAReE 739 7FE w2 AAES BRI, H0,
1 mg/L, TiO, 1 mg/L FUA 10% veke] AAE A=
<, H,0, 10, 100 mg/L, TiO, 10, 100 mg/L FY
wire mesh, wire mesh(TiO, coated)2] 73-%- 20% o4
AAE S BIH(Fig. 1).
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Table 1. Typical taste and odor matter by algae(Suffett et al., 1996; Rashash et al., 1997)

Molecular Molecular OTC
structure Symbol Name weight (g/mol) Formula Odor (ng/L)
CH;,
. trans-1,10-dimethyl
geosmin trans-9-decalol 182 C,H»nO Earthy-musty 4
HO
CHj
2-MIB 2-methylisoborneol 168 CiHyO Earthy-musty 9
OH Camphorous
% OTC: Odor threshold concentration
Table 2. GC/MS condition for analysis of 2-MIB and geosmin
Parameters Injection Mode Sample temp. SPME Fiber Extraction Time Desorb Time
Conditions SPME Mode 60°C 65um PDMS/DVB 30 min, Immersing 5 min
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Fig. 1. Removal of 2-MIB by PUV and US with catalysts (wire mesh, wire mesh (coated TiO,), H,O, (1, 10, 100 mg/L), TiO, (1,10,

100 mg/L)).
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Fig. 2. Removal of geosmin by PUV and US with catalysts (wire mesh, wire mesh (coated TiO,), H,O, (1, 10, 100 mg/L), TiO, (1,10,

100 mg/L)).

Fig. 20 YEpRITE ARt W& AAE val 23 2-
MIBS} FAFSHAl PUV ZAFA] 10 min QFll 99% A4
= AL FIEINen, H,0, 100 mg/L, TiO, 100 mg/L
FUA AAEC] 7P =A 8L, H,0, 10 mg/L,
TiO, 10 mg/L FYAINE H,0, 1 mg/L, TiO, 1mg/L,
PUVYE ZA}eE 7490 Hl8] Z27](1 min) AAE 71502
oF 10%~15% AAE0] 3Fdsle AeFs Btk USY
A% 99% AA AQH= FAMZES 50 min©| -
Z7](5 min}] A% H,0, 10, 100 mg/L, TiO, 10, 100
mg/LS FYIF F$7F H0, 1mglL, TiO, 1mglL,
PUVYE ZALSE 790l Hlal oF 20%~25% =& AASS
HAH(Fig. 2).

AAE] 7F¢ =99 Tio, 100 mg/LS 743 49}
H,0, 100 mg/Ls FUH B9 AAES vlwsind,
PUVE 287F ZAMA] TiO, 100 mg/LS FU3F 7490
geosmin 79.8%2] AAES HFom, 2-MIBE 83.7%
o] AALS YERIUAL, H,0, 100 mg/LS FU3F 3%
olE geosmin 79.3%, 2-MIB= 81.5%2] AAES
ERfiA). @, USE sE3E A TiO, 100 mg/Le

T,
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FAAIRE A5l geosmin 38.5%2] A|AEE RYPoH,
2-MIBE= 59.2%°] A|AES JERARAAL, H,0, 100 mg/L
FU3F A9olE geosmin 58.0%, 2-MIBE 58.4%
o] AAES eI

T E3t B4 dlsiA usel A9-E PUVE Aol
AALEE7E 68 wE Aoz AT o= T
H,0,2%E] PUVeL US7} whsoldl OH #tjzo] =3
EZ Eajlof| Tdd Bint o2} puvel sl 2ALE o
UA7t ARAos c-C 2% 2 C-0 AFe] wslel &
7] Wl Aoz FheEc)
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Fig. 3. Comparison of 2-MIB and geosmin removal efficiency by US and PUV process according to energy ((a) 2-MIB 200 kJ, (b) 2-MIB

400 kJ, (c) geosmin 200 kJ and (d) geosmin 400 kJ).

mg/LS F43 A<} TiO, 100 mg/LS T3 8¢ =
2 AAES HYomH, USE AMEst B9+ USE ©=o
2 A3 A2 Aelslae vwE =& AAES Yt
Wtk PUVEF USE Blws) B, USE W02 ARE3H
735l Hls] PUVE ©]83F FAo] oluix] Fddiu] A
Ago] =& A$E H,0, 10, 100 mg/LS FY3+ A4S
o} TiO, 100 mg/LE FUS -t 400k] A=
US 34& A&k 3lo] duA] 4 oMl AAEe] =
2 ZoZ Jepter, gt fARE AIAES UERIT

g, AL ouA] Y Al PUVEF US| AAE =}
o7} Ajdog A4Sl E, 2-MIB 2 geosmin A|AE
S e FFo g A S AU T 3RS AAs

o] ARgSE A9 %719 PUVE ZAF81] 150~200 k9]
vz 9 & US 34 AA AHshe wRte] oy
A L ARE gR] AEsS SR e Wil
sheE

3.3. Pseudo first-order rate constant(In(C/C,)=—kt,
min')

PUVE o83t 3l §h3-9] S/ A 12t &=
e AMEste] vl A8 AT (Lee et al, 2014)9F 7
o] ¥4 Ax 1A} &= A= H0, 100 mg/L FHA
2-MIB2] 7% US &4olM = 2.8 x 1073, PUV F40lIA
= 1.3 x 1072 YeREO ™, TiO, 100 mg/L FU3F 745
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Table 3. Pseudo first-order rate constant for the degradation of 2-MIB, and geosmin using US and PUV (In(C/C,) = -kt, min™!)

No Wire Wiremesh H202 H202 H202 T102 T102 T102
addition mesh (TiOy) 1 mg/L 10mg/L  100mg/LL. 1 mg/lL 10mg/L 100 mg/L
g US 12E03 18E03 L7E03  13E03 23803 28E03  14E03  25B03  3.0E-03
- PUV  55E-03  62E-03  60E-03  85E-03  12E-02  13E-02  92E-03  10E-02  1.5E-02
©US  41E-05 56F-04 26E-03  1.IE-03  2.5E-03  3.7E-03  12E-03  14E-03  23E-03
BEOSMIN by 41E-03  54E-03  46E-03  62E-03  92E-03  16E-02  54E-03  LIE-02  1.7E-02

Table 4. Comparison of pseudo first-order rate constant for the PUV degradation of 2-MIB, and geosmin using US and PUV

No Wire Wiremesh H202 H202 H202 T102 T102 T102

addition mesh (TiOy) 1 mg/L 10mg/L 100mg/L. 1 mg/lL 10mg/L 100 mg/L
o U 1.00 1.50 1.42 1.08 1.92 233 1.17 1.92 2.50
- PUV  1.00 113 1.09 155 2.18 236 1.67 1.82 273
. Us 1.00 13.66 63.41 26.83 60.98 90.24 2927 34.15 56.10
EEOSMIN by 100 132 112 151 224 3.90 132 2.68 4.15

o= ZHzF 3.0x 107, 1.5x 10722 Jeh} 2= A9 = gke
Zo)4 H,0, 100 mg/L T4} TiO, 100 mg/L7} 713 e 1=4

4 YEFThH(Table 3). 525+ Sijvt BxA7t 12F £ 1) Z+ ¥4 H,0, & TiO.Z FUS 4% FUsH
AR IR JSke A EE ol AT WA ¢ke A oo Wl AAE o7} Uehdon, T A% 24

S0l BlsiA &= A7t Al 10881004 W 90.24 #Tow PUV FAe] tial H,0, 100 mg/L, TiO,

FAE Uekkom, teTt 2o 2

;SZF

Hj S71ek AL B = AATK(Table 4). 2-MIBY] &3l 100 mg/L 270 AAEo] =sh=H, o= PUVAl 2
RS £ e Hol 2.5 WRlE SR AS B 4 3 ZRAQ =3 =4 Ze AR OH 2 A4
AaL ol FaHel zlels A glar Fofjvt BxA)| 9] of o3t 4IEREge) g AAVE WIS F FOE AR
TE7F SUHESE O SUbske As ' o dth .

geosmin &3l WS- &5 9] 739 PUVE AMESH 7
ol kA AmE 2-MIBS] ZF-HT}H et STl <F
o] 7= B 4 Tk sRIYE USE ARSSE 7499
5 Fhol Al STVt Ha 13aellA Hd ooHlE S £ o]&

2) 4 oldAlsh AlAE] AN tal 243 2t
Frd oA vl AAES Uss *1-9‘31—5 Aol #eldk
AoR yehgont, Azt AlAES oA aeshd puv
& AA F USE o83 AAE sk Zo] Bt

71ehs AP JYAT AT (Lee et al., 2014)00 T2
W PUVE 2HZe A7 |HT ARSEEE geosmin
2-MIBRE T} 2l 2J3l Eaf ukgol ¢ 7izsiA 2t

B3] a7t FxlEe Boletal F53ith

3, 2-MIB AAZ 93+ US 349 H3F = =4
<2 TiO, 100 mg/LeZ YEePd HWHH | geosmin A|AHS <
e AFOZ H0, 100 mg/Le] 33 AoE U
gt 4 22 3507 ¥ AA 2712 PUV +Ti0,
100 mg/LSl Z O 2 HATEH(Table 4) °l= APAT9
Ao} FALE Z4ES 7HITHLee et al., 2014).

4. &4 £

geosmin} 2-MIB9] A|AS 918 PUV H US 370

oot S 9 H,0,5 283 29+ E4Y AA A
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mg/L ARESH 990 R0 Z YERTE vt B Al
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