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Abstract

It is welkknown that the presence of NOM (natural organic matter) in water has a negative effect on
removing taste and odor compounds by activated carbon adsorption. Therefore, various means such as
enhanced coagulation are applied to reduce the NOM. The presence of taste & odor compounds in drinking
water even parts per trillion, is enough to generate customer dissatisfaction. Therefore, the aim of this
study was to evaluate carbon usage rate (CUR) for conventional coagulation (CC) and enhanced coagulation
(EC) in order to improve the efficiency of adsorption of taste and odor compounds. Also, Effect of CC and
EC on molecular weight fraction and the early stage breakthrough of 2-MIB and Geosmin are evaluated.
When the enhanced coagulation was adapted for pretreatment for activated carbon adsorption the
operation period could be prolonged by 3.5~4 times. CUR for CC was about 2 times greater than CUR for
EC and this means that EC has more adsorption capacity than CC. To analyze effect of EC and CC on
breakthrough of 2-MIB quantitatively, adsorbed NOM mass was calculated based on unit mass of activated
carbon. In the early stage breakthrough of 2-MIB, total adsorbed NOM was 23.72mg/g for CC and
34.56mg/g for EC. Therefore, it is shown that the early breakthrough term of 2-MIB and Geosmin was
improved due to increased adsorbability. The low-molecularweight NOM (500~2000Da) compounds were
the most competitive, participating in direct competition with 2-MIB for adsorption site.
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Table 1. Characteristics of the raw water

Characteristics of the raw water

Dissolved organic carbon (mg/L)  1.8~2.27
Turbidity (NTU) 1.5~75
Alkalinity mg/l. as CaCO,4 23~56

pH 6.5~8

UVas, (fom) 0.0279~0.0332
UV, (flem) 0.0223~0.0269

NPOC (Non-purfeable organic carbon) ¥ o2
NDIR (Non-dispersive infrared detector) &2 05
BAE FaEqt.

2.4, 2XEF 2x 24

o7EA Eag EIXE &3] 98 UV

detectorZ F2st HPLCE o] &3l
High Performance Liquid Chromatograph (HPLC, LC-
20AD Shimadzu) 2 HPLC o] #A2¥ UV/vis
Detector (SPD-20AD, Shimadzu)$} W3 E A A 7H
TOC ¥47] (Tonics Sievers 820)?— Ag3heich e
H z}/\%.o_ _cﬂ—a—H /\],_Q.Q =2

glycol(PEG) & AH&-513] 2™ E-ﬁr

Q
FAA 2H]

E4-& Polyethylene
= olFd &

7\%_].1__

Table 2. The operating conditions of GC/MS

items Condition
Column HP5 (30mx0.25mm 1.Dx0.25um)
Carrier gas 99.999% He
Injector temp. 250°C
Detector temp. 260°C
Oven temp. Init.; 2.0 min at 40°C
1 step; 10°C/min to 90°C at 1 min
2 step; 30°C/min to 260°C at 6 min
Quantitation Selected lon Monitoring mode
Mass range 10~250
Pressure 8psi
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1. D: diffusion coefficient

2. x: diffusivity factor

EBCTSC = (dSC /[ZLC i X EBCTLC = tSC /ILC (3)

Al $ASD U U el 2%
A7 Bl ol A x=09 U BaEE

94

Table 3. The operating conditions of Mini-column

Parameter EBCT=15min
100200 mesh

Particle diameter(mm) 0.112

SF 96

Type of GAC F400

EBCTgc (min) 0.1554

Column length (cm) 5.6

Column diameter (mm) 35

Vg (mh) 7.23

Flow rate (mL/min) 3.48

(Constant diffusivity design) 7} ©] §-# T}, Mini-Column
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Fig. 1. Effect of pretreatment on DOC breakthrough for surface
water using F-400.
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Table 4. Evaluation of CUR after conventional and enhanced

coagulation
Con. coagulation Enhanced coagulation
(CURglL) (CURgL)
Breakthrough of 25% 0.0351 0.0181
Breakthrough of 40% 0.0177 0.0090
Breakthrough of 60% 0.0083 0.0040
0.14
Conventional coagulation . .
nitial DOC Co= 132mg/L , Cyp= 131mgll, g::z:‘c‘:‘;’":‘::g“‘;ga';‘::"“
0.12 [Enhanced coagulation
Initial DOC C,,=0.958mg/L , Co,= 0.973mg/L ,Cyy= 1.02mg/L
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Fig. 2. Evaluation of CUR after conventional and enhanced
coagulation.
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DOC 2t 4%, SHLF 22904 27% e

4.3. 7IZSHE d3tE 88 £ olHul(2-MIB)  Sng/LE A&} 7] &S] Hg] BaE 27 o)A
ozt £4 2-MIBe] Z719}3} 7]3ke] oF 2u] A& Zolx: A

AT FHA A ] -MIBSE Geosmin®] 337t 4 32 yehfsith. Fig. 59 Fig. 604 72847
FE APA /712 FHYH SA dEle 4 Zad SRl Geosming] FIEYL Yehd 7
vEhA @ttt & d7elMe A3HA SA Fd ol 712579 A9 Geosming] 27]33E= DOC
o RASA Heke 71E8H 201 48E 63§ 398 2%, $AYF 459U, 27)% % 2 8ng/Lol A
DOC o]l mbg 2-MIBS} Geosmin®] 27|995 sy} A= gom 738 S 49 DOC 73}
o) BH3S EEstuA) it Fig. 39 Fig 49) & 51%, £8Y% 400404 2755 2 $ng/L &
Ne 71Ee5% Zetd $3 F 249 FAXAN 279371 AgE o] 23 S oA Geosming] 2
2-MIB2} Geosmin®] #tst NOM#e| AAEA & 7| 7|zto] o 1.6W] A% dojx& Az= v
Ag dser] A8 71ee33 43te e4E B¢ Uit ol @ AHE Cook 5] A|A FZo

NOMe| 33} 543 0] 2-MIB9} Geosmin®] w}-hd] ]

NOMeo| PAC(Poweder activated carbon)e] &g &

A= JFE W1l Fig 33 Fig. 40 Uelhd vt & 74470 4" EFE58S 2-MIBS Geosmin
o Zol 71&84 + 2-MIBY] 27|97 DOC 3 9] FXE 8744 ARARITHE A 7dte) Aee &
8 38%, SAUSF 111D 27])%% 4, sng/Lf—— Abet A3g YRt Cook et al,, 2001), 3 &2
Ao R a3t s don Zae g 7 Aol e 71897 (Cook et al., 2001)f 4 A&
Table 5. Breakthrough curve of 2:-MIB on DOC curve after conventional and enhanced coagulation
pocmzte 2-MIBZ7|TH3 Z2(ng/L) Zx7{t 3k day) 2HY S ok 500
Con. coagulation 38% 45 M 4.5~2Tng/L
Enh. Coagulation 44% 5 212 5~20ng/L
Table 6. Breakthrough curve of Geosmin on DOC curve after conventional and enhanced coagulation
poCTtEtE GeosminZ7 |1} S (ng/L) Z7| 51t day) 289 o 380g
Con. coagulation 52% 2.8 245 2.8~5ng/L
Enh. Coagulation 51% 2.8 400 2.8~5ng/L
1.0
20 Conventional coagulation q 40 E}npanced coagulation 130
Inifial DOC €= 1.32mg/L , Cyp= 1.3 1mglL Initial DOC Cy=0.958mg/L , C,p=0.973mg/L ,C,,= 1.02mg/L
_ Tnitial 2.MIB Ct:1= 1i20gL., Cn:illJSng/L . 0.g | Witial 2-MIB C,=121ng/L, Cy,= 105mg/L ,Coi= 121ng/L A
3 {0g g v o
E" 15F \4 % En o v ¥ v 120 %"
] 2 E g¥Y ¥
£ Yy g = v ® 110§
§ 10} v g 5 0 p® 8
g 1 g ] z o8 H]
E op © 100 S o4p A 3
© an = o © o0 M
3 v = g ’ 0%
1 @ R
R o5l o @@3 P a 02 f@@ o %@@ &
] @ PoC @ DOC
v IMIB v 2.MIB -10
-10
00 . ‘ ‘ s . 00 s ‘ s . .
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Time (day) Time (day)

Fig. 3. Breakthrough curve of 2-MIB after conventional
coagulation.
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Fig. 4. Breakthrough curve of 2-MIB after enhanced coagulation.
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-~ = -~ 149
= B ) )
% g 0w a =
E) 15F 5 & E N 1
Kl A a £ 7 2
2 =1 & 06} ° afen o 12 &
- 5 =] ®° o £
g & 4 £ N £
= 4 g £ A @b g
] < = o of 2
g 10F g g & 2
1 53 @ ® [ <] 0 R
£ ° 09 S 04t o % ¢
© m % = < 2 00 P
Q &P E 3 & g
g 05 ‘”@ § A& [Po 0® {2 8
N 0 028 0 © 9® &
LX) 5 ®
o boc A Comin |4
A Geosmin i
0.0 : . . . . 0.0 . . . . .
"o 100 200 300 400 500 600 0 100 200 300 400 500 600
Time (day) Time (day)

Fig. 5. Breakthrough curve of Geosmin after conventional

Fig. 6. Breakthrough curve of Geosmin after enhanced

coagulation. coagulation.
882 5o F2 49y del 4449 248 FF aQth 9 AET vo] 2w 2-MIB2] Geosmin
A Ael NOMe AE3 o - v (2-MIB, 9 27193 542 71E¢03% 4884 & Aixd
Geosmin) B2 9] AABAE £&3 1A 84 DOC g8 (%) A 2-MIB% Geosmin@| 7|33}
JAREE A%e nisart zaM ol# g A3t
4 4. 7|ESED 2482E = 0] - 3|0(Geosmin, ¥ DOC #ahg-& v Sgx gk A7t h2A o
2-MIB) £7| oAl o9l o R7IEE & By deel 4249 DOCQH B & Bt
et Nele F247t dokn g wga DOC
Table 73} Table 8o)M & 4R 0w 73d ¢ 2-MBS Geosmin o] FX& 9% B4 @
T gy FA4% Aol o - HAW (2-MIB, § g7 FAE FVIEFeE 9t Si9ith Table 7
Geosmin) 24 shate] mlAE 4 71284 7 7 Table 8o vhehd whe} 2o] 7|84 F F34
g8 24 ¥ 24w w9l g NOMel FH3E 4 A 2-MBe] 27] %) AA 7184 FEHFE
adow Bl AEPEe 4T FANR 23 72mglg, Geosmin 27] b AL H/1 8D FF
FUEE £A7 S0 NOMe| §953¢ 44 A% 41.97mgge Yt 2oy d3E $
& T 2-MIBS} Geosmin®) 7] #t#72] NOMel Aol A+ 2-MIB 27|33t A= 34.56mg/gS,
4259 S Aned (288 (mg/L*he)* & 7% Geosmin 27| gl A= 57.07mg/go2 AAXH R
(L/hr) 248 29 g3 NOMe| % F2eFg A4 723t $3dA A48 9 g FH& e
Tabie 7. Solid phase con. of NOM on breakthrough of taste & odor after enhanced coagulation <mg/g>
F-400
<2-MiB> <Geosmin>
Influent NOM total mass for operating time <mg> Influent NOM total mass for operating time <mg>
Influent mass per hour<mg/hr> 0.204 Influent mass per hour<mg/hr> 0.204
Influent NOM mass at 52.8 hr <mg> 10.78 Influent NOM mass at 97.thr<mg> 19.83
Effluent NOM total mass for operating time<mg> Effluent NOM total mass for operating time<mg>
Area <mg/L*hr> 13.66 Area <mg/L*hr> 32.29
Effluent total mass <mg> 2.84 Effluent total mass <mg> 6.70
total adsorption mass until breakthrough of 2-MiB<mg>  7.95 total adsorption mass until breakthrough of Geosmin<mg> 13.13
Solid phase concentration <mg/g> 34.56 Solid phase concentration <mg/g:> 57.07
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Table 8. Solid phase con. of NOM on breakthrough of taste & odor after conventional coagulation <mg/g>
F-400
<2-MiB> <Geosmin>
Influent NOM total mass for operating time <mg> influent NOM total mass for operating time <mg>
Influent mass per hour<mg/hr> 0.274 Influent mass per hour<mg/hr> 0.274
Influent NOM mass at 27.8 hr <mg> 7.59 Influent NOM mass at 61hr<mg> 16.65
Effluent NOM total mass for operating time<mgs Effluent NOM total mass for operating time<mg>
Area <mg/L*hr> 10.27 Area <mg/L*hr> 33.71
Effluent total mass <mg> 213 Effluent total mass <mg> 7.0
total adsorption mass until breakthrough of 2-MIB<mg>  5.45 total adsorption mass until breakthrough of Geosmin<mg> 9.65
Solid phase concentration <mg/g> 23.72 Solid phase concentration <mg/g> 41.97
1600 10000
First 10~15% First 10~15%
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Fig. 7. Changed of M.W distribution through activated carbon
processes using DOC detector.
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Fig. 8. Changed of M.W distribution through activated carbon
processes using UVA detector.
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