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and Organic matters using Ozone/Granular Activated Carbon(O3/GAC) Process
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Abstract

This study assessed the removal characteristics of taste and odor causing compounds (2-methylisoborneol and geosmin) and organic

matters, using a pilot-scale ozone/granular activated carbon (Os/GAC) process treating surface water of Pal-dang reservoir in the Han river
over a 3-month period, Experiments were conducted to verify the removal efficiency of Os/GAC process which has two different empty

bed contact time (EBCT) (Os/GAC column 1

: 10 min and 2 : 151 min) with 10.86 min contact time of ozonation at 1.0 mg/L Os,

Spiking test using geosmin and 2-MIB was also conducted systematically to mimic the conditions when the algae appears, specifically at

the levels similar to the concentrations experienced (geosmin: 250 ng/L) in the winter of 2011, In single ozonation process, organic

materials, disinfection by-products (DBPs) and their precursors were disassembled but not removed completely, Meanwhile, it was verified

that organic matters, taste and odor causing compounds, and DBPs were well removed when sequentially passing through the GAC

process, The pilot results also showed that GAC column with larger EBCT achieved higher removal efficiency, Specifically, in spiking tests,
single Os process showed approximately 89% removal efficiency of geosmin and 2-MIB, O3/GAC combined process demonstrated excellent

removal of geosmin and 2-MIB, which are higher than 95%,
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Table 1, Characteristics of raw water

alkalinity
2z [C] pH Bt [NTU] [mg/L as
C.CO03]
Z| 27.0 7.87 0.370 56.29
A A 20.8 6.53 0.024 15.90
=HH7 237 7.13 0.057 35.09
22 AEX| ¥ 2H=A
Pilot-plant®] *#]&3L Fig. 13} Zo| & 2414
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Fig 1. Schematic diagram of pilot-plant
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Table 2, Specification of pilot-plant

33X TZ[mm]
faNEE @ 1,500 X 1,700 H X 1X
SREFEZR @ 310 X 6,000 H X 1X
SRENRXR W 1,100 X L 1,000 X H 1,000 X 1%
EMEI IR @ 400 X 5500 H X 2%
EMEIHMEX W 1,000 X L 1,000 X H 1,200 X 1=

Pilot-plant®] &7 Zz1-& Table 3o YeERHAATE
QEATTA] SHE AlE AFo wE EHES
aEste] Y T8 FEHEO 0 B2 64
mﬁ/day = x%fs} 3, e FAL A {0l
60m’/day ©& $£HEGon, GAC 1 AL} 2 A
Aol zbz} 3Om3/day*/—‘l fFdFe] T Hes
St bol

Table 3, Operating conditions of pilot-plant

A3 s 2¥xA
AlEE 60 m* / day
_ ESF4] 0.3t m
REMF
=X Z =0 6.0 m
RE Fsk img/L
QE FEAMZ 10.86 min
== 30 m*/day
=y 0.4 m
Z =0 55 m
of{tx| HA 0.126 m’
GAC 1 AE GAC 2 Ag
EHEED| 0.315 m® 0.208 m°
EHE=0| 25 m 1.7 m
EBCT 15.1 min 10 min
_ MEE(LV) 9.9 m /hr
SR TR g + 37|
371 0.12 m/min (15 L/min)
ANEE = 0.24 m/min (30 L/min)
Rinse | 0.48 m/min (60 L/min)
371 1 min
£+371 3 min
AMIAIZE .
= Rinse 10 min
Drain 1 min

FL 10 £ 0.2 mg/le FEE FUHEE
A8 mg/L o] gollA]
TOC AAES] zfel7} A §gtar, wRke &
APoR Rlg Aev] 7= 134'8}04 LEFEE

=
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2 2gesn. AEEE ABAY RE FUE 0
whee 2 AAEen, Age] A8 e
£ "= NoritzAFe] A (Noritz GAC 1240)S A}
Latoirt. g9 3= U9 U]*E‘% A7 L <
Asls 28k pilot-plant A% & 1297 IA1HS
dEHem AgsiaL, 20119 64 29%1!%13 94
234714 oF R 7 IRbs ke i &
50 g AASES 7t 2 701—Xﬂ‘$‘?:} A3
Rkt Aol sk FRAIRES Table 49
w8 2o 2 3o AR %“45} vh3-
71¢] #97F 7Fs Z71 gkl Hlgke] 1 m o]}
7V A, Aglee] §x7F 0.1 NTU o)do] 2
7] TR ofste] AFoR AAEHESE A
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Table 4, General properties of activated carbon
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o

olo

2 ofy

Item Properties unit
lodine number min, 1,020 -
Molasses number(USA) min, 230 -
Abrasion number (AWWA method) min, 75 -
Particle size ) 12 mesh (1,70 mm) max, 5 mass %
Particle size ) 12 mesh (0.425 mm) max, 4 mass %
Moisture (as packed) max, 2 mass %
Methylene blue adsorption 22 g/100g
Total surface area (B.E.T.) 1,175 m?/g
Apparent density 480 kg / m®
Density backwashed and drained 420 kg / m®
Ball-pan hardness 97 -
Uniformity coefficient 1.6 -
Ash content 7 mass %
Water soluble ash 0.1 mass %
pH Alkaline -
Dechlorination having value 2.5 cm
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Table 5. Analysis methods and equipment

CRLE 2 A £447)7]
2 ESESE=SSi *2E3F7|
pH M| At pH-meter
HACH-2100AN
Eb Ef 2
== HEA A8 Turbidimeter(HACH)
Lz = THIASHAIEY -
TOC Ultraviolet and TOC
DOC photocatalyst Analyzer(SHIMADZU)
) DR 5000
UVass X Standard method Spectrophotometer
(HACH)
KMnOs AH|ZF MM -
THMs HXEHE GC-MS Tekma 3000 P&T
THMs—FP MY Agilent 5975¢ GC/MS
HAAs LLC-7|Ma20tED Varian cp—3800
HAAs—FP 2o GC/ECD
Geosmin GC(7890A)/MS(5975C)
— EH
2-MIB SPME-GC/MSH (Agilent Technologies)

e AA

& geosmin}
2MIBE FJsle] U9 w57} Hes 949 %
g ¥, OJ/GAC 54 AFARES aefste] Hx
Ve Ao} 208, 0534,
Oy/GAC 1 A  Oy/GAC 2 A2 He4E A
3kt AR 24 3 8 Azl geosminﬁﬂr

0% T A,

2-MIBe] F=E =43lo] 0] W AHPas&S
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Fig. 2& 20113 11€3} 129 T A&A] 6329 F
TR FAHIJA °—’F < shAA el
Hf s e =], AFelA
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Table 6, Spiking-test conditions

ey

A H X 7

—

st =2 G H
o = eosmin
2-MIB [ng/L
[ng/L] [ng/L]
41 48
Geosmin - 2 62 65
_MIB 128
BEZUS %
1= 68 173
84 270
SQ=E
—’F—_';:I%E 1.05 mg/L
HZEH
EXIE A
} iHx JE XS - FE UE EQ
A 7 o T —1 T g
Al 2025 . 402%
300
250
=
35, 200 A —
£
-
£ 150 1
w
3 100 |
(0]
50 |
0 j

25 7o ZFYd S AN BSE
Fig 2, Maximum influent concentrations of geosmin at water

treatment plants in Seoul (RAIZEX @ M2BA| Ak
o178l 2011 118 ~ 128)
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F2 PAET. 7129 ATENA Oy/GACETRS
o] &gt s FEEHol ek AASA &k
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geosmin} 2-MIB ¥EE Algo] =4 $ gl o

A& 10ng/L ©J8H0~9 ng/LE BAHSI. o]
+ pilotplant 7Fg717te] ZF A 7sAdo] =2
7 delle EetaL, AV 5 AGHes
g Hsz99t X‘EPE Qlste] =77F AEHA|
X7 whREolty, FU¥ geosmind 2-MIB&= &
sge 340 osf 2 ng/L olEtR AAHAL

AAEE Fkeplele Fdsert vhe sl Fﬁ}
2hA] 2-MIBS}F geosmin®] THFSH F=FzdolAM A

Axge Wl 9ol BARYABE e
o ZAEY Ageel 7 B wE 2B
41~84 ng/L, geosmin 48~270 ng/Le] W= A7

shaict.

Fig. 3(a)¢} Fig. 3(b)ollX 2-MIB ¢ 3 20+

40 Fo 2t 5o s AAEES e
it 2-MIBE O; T3l 85%0]23e] A7
285 HYow, 2-MIBY J} Z7rE
AALo] tha RolAE AE Bk O5/GAC 1
FAT 0y/GAC 2 FH 9 Xilﬂﬁ%% H|wskd, &
AJeke]l EBCI7F & Oy/GAC 1 &Ae] AAFE0]
EBCT7} 2 Oy/GAC 2 FAol Blgle] thh e
S Holod, AAHoR fAke Zlow
Ik Table 7 2-MIB 45 &2 ©e
2 Agees Yehldeh Table 79 2=

B8 & & Y=ol O GAFAHAAN AFEe
2MIBZ7E flEol= 9 ng/L oletE A|ZEHAAL,

Oy/GAC 1 BAT Oy/GAC 2 BAHES AXA =4
Aol BE 9Fe] 2MIB &Zo] (2 ng/L old}h) &3}

Aoz AA"ES &l

g 5 gk

Table 7. Variation of 2-MIB concentrations according to

treatment process

25 2-MIB [ng/L]

CHYZH  fYSE 0s O3 + GAC 1 O3 + GAC2
208 = 5 » 3 0 0
408 2 S 2 0 0
208 2 5 62 5 0 0
408 & 5k 5 0 0
202 ® s 55 5 1 2
4082 & & 3 1 0
208 = 5 63 7 1 2
408 2 S 6 2 2
208 & 5k 84 9 2 2
408 & 5k 7 2 2

100 *. . .

RSN i Foqsuste et

95 | Y
ce| TN
T 85
(]
£
(0]

o
—— Qs
O Q3 + GAC
-~ 0: +GAC2
0 ‘ ‘ ‘ ‘ :
30 40 50 60 70 80 20
2-MIB [ng/L]
Fig 3(a). Removal efficiency of 2-MIB according to
treatment process, the data were obtained
from treated water obtained after 20
minutes from injection
100 s ettt
e
o5 |
3? 90 - y T —— °
T g5
o
£
(0]
14
—e— O3
O O3 +GAC 1
--- 03 +GAC 2
0 . . ! ; :
30 40 50 60 70 80 90
2-MIB [ng/L]
Fig 3(b). Removal efficiency of 2-MIB according to

treatment process, the data were obtained
from treated water obtained after 40
minutes from injection
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100 4 ,..«»Q’“”H*H***”*“H“*“““”*'*
N =
95 -
90 -
85
—— Os
e Q3 +GAC 1
—w— 03 +GAC2
0

0 50 100 150 200 250 300
Geosmin [ng/L]
3(c). Removal efficiency of geosmin according to

treatment process, the data were obtained from
treated water obtained after 20 minutes from

injection

100 4

95 -

90 -

85
—— O3
e O3 + GAC 1
-¥- 03 +GAC2

0 . T . : :
0 50 100 150 200 250 300
Geosmin [ng/L]
3(d). Removal efficiency of geosmin according to

treatment process, the data were obtained from
treated water obtained after 40 minutes from
injection

Fig. 3(c)¢t Fig. 3(d)ollA] geosmin ¢ 3, 20
s

23} do ol 7t welFAeNe 5

& YERITE geosmine] 79, O @3l

A
o =

oeosmingl FE= BAR] Bt 95% F=

2 AAZES JERIler, EBCTS o]}
1741040] Os/GAC 1 FAF} Oy/GAC 2 FHel
BE FUs AAEES JYERe B B3

. Table 89 UEMH geosmin -FUTEE =

T Aeleedds B3 ol dus
THZA g2l 3 4 Qi) Table 89 Z¥E

FalA B, O SFLdFAHAN LFE2] geosmin©]
Frd=oE 8 ng/L ofat= AAESE &< & + 3
o™, 0yGAC 1 FA4F O/GAC 2 ¥

HA Aol BE &l geosmin &Z0| (1 ng/L ©]
b adHoZ AAHG £ AFelr] FhE A
AFY AFE St O3 FATA Ao
geosmin¥} 2-MIB2] F%=7} 9 ng/L ©]|3H85% Xﬂﬂ
FHE AAHAL, GAC TS AXHA diFE

2 ng/Lolsle] Er2 AAHOZ AAHE= 7352,%
Hodth ol 2 AFolA st 04/GACEAS
AAze] vhANEHe] IFER FYEE AT
e &BFHoRT vkl EAS AAY F USS

ofmgi},

Table 8, Variation of geosmin concentrations according to
treatment process

Geosmin [ng/L]

Hr
Ju

CHo3H SFUSE 03 03 + GAC 1 03 + GAC2
202 & 5% 0 0 0
_ 48
02 & sk 0 0 0
208 & 5 3 1 1
D o= o 65
402 & 5 2 1 1
208 2 5% 2 0 0
_ 128
402 & 5 0 0 0
208 & 5 3 0 0
_ 173
402 & 5 2 0 0
208 & 5 8 0 0
N 270
102 & 55 4 0 0

32 &M |22 MHEM Y oAl R
=21ntel ek &4

HZo| A7 Al wEH, 2R/ W F7EEA
H(Algae organic matter, AOM)°] AEHAE
(Disinfection ~ by-products, DBPs)¥} S &2
(MIB)9] Y7ol @S wRITHL, 2012). AOM W]
o] f§71&E AR T 1mgel &2t ¢F 68.75 ngd
MIBEZES Ak, AASAAME f71E
YEA] fEEEe] TRl el tigk ot
g3l ’ﬂ%—r%oﬂ/q AEghl=, Oy/GAC 374
<= ol&ste] FIFFAe] AF F DOC ¥ UVasy &

=
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FEo] AASA 3 A7 AR, Oy/GAC
TA] Fr1EH e AAEAT © FIEA
ek Aate] o]Foixar, wblA| FLEET Y
A

SOME 7t del §3% 2 A 54
of e Qo] o]Folzlr). wehd 2z

g
M2 {7120 AhH % ekl S99

S
2 ZHE f71E3e] R3S skt

Fig. 4(a)2} Fig. 4(b)= Osy/GAC pilot-plant &7
717FEeE 959} O/GAC 1 FAAe DOC ¥
TOCY] =5 Yepd Aoty 34 7FeriRt F
AreAleae] &Y F7IEEL 0.978 ~ 219
mg/L, & fF7]&aE 0.993 mg/L ~ 1.688mg/Le]

FEHR fY=ESda, Tocet DOC7F Os/GAC 1
SHE AXEA FAVIE olshe] FER] 1mg/L

olgl2 AAEES & 4 AUtk =3k pilot-plant?]

il

FG7IRbe] AojHe wt, f7Edel tig AR
&% A ePgs) Ho] Agse) BEsh 1 o}
Ae EE5S 90 & 5+ 3
3.0
—&— Raw water
25 | w0y + GAC 1
7 2.0
D
E 1.5 A
Q
@]
0O 1.0 -
o)
G, et L
05 | . o o -
'O ~~~~~ 5
0.0 ‘ . ‘ . — B
0 10 20 30 40

60
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Fig 4(a). Variation of DOC concentration at Oz/GAC 1
process
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Fig 4(b). Variation of TOC concentration at Oz/GAC 1
process

Fig 5@ O3 @ddHoNxe] 7} &5 H
AAEES HEPNA ™, Fig 5(b)ek Fig 5(c)ellx
Oy/GAC 1 EAT Oy/GAC 2 FAA 9 7} 3=
G AARES eSS Fig 5()F 249,
o= dAFAHAME TOC, DOC ‘}l UVasitr 8 e

Xﬂﬂiﬁ% 3H VJrOl T= ?ﬁ%fs}@l
TF] Wslelle & 9T FA g2 e dAdt
H, O; 34N Eald frleS F2ol

AA 717te] F2= Agsle AT A2eES 7
2AA F 60~80%e] E&E A7ES Fig 4(b)2t
Fig 405 & & & ot 2 @938 SsuvA
el HskE B, O ©dEgols suvaghe] oF
2008 E A Oﬂt—tﬂ o= #%— 7
dhHes 2 BAES 7 frIEdsd &

e e FEE9 AAEAT= 7,i(Edzwald,
1999y omlgieh. 3, Oy/GAC 1 57gellx o] A
Agol oF 40% =2 AA FE HAeE &
JeH, ols oF TAAAA FAllE FU1E ARl
DAETAES AAEN 2EE He Y i1

el AAHNEES & 5 ek

]E;{E]‘é =
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