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Evaluation on the Locations of Powdered Activated Carbon Addition for
Improvement of Taste and Odor Removal in Drinking Water Supplies
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Abstract

The efficiency of powdered activated carbon (PAC) for removing taste and odor (T&O) in drinking water
supplies is dependent on the contact time, quality of mixing, and the presence of competing compounds.
All of these are strongly influenced by the stage in the treatment process at which the PAC is added. In
conventional water treatment plants (WTPs), PAC is commonly added into the rapid mixing basin where
chemicals such as coagulants, alkaline chemicals, and chlorine, are simultaneously applied. In order to
prevent interference between PAC and other water treatment chemicals, alternative locations for addition of
PAC, such as at transmission pipe in the water intake tower or into a separated PAC contactor, were
investigated. Whatever the location, addition of PAC apart from other water treatment chemicals was more
effective for geosmin removal than simultaneous addition. Among several combinations, the sequence
‘chlorine-PAC-coagulant’ produced the best result with respect to geosmin removal efficiency.
Consequently, when PAC has to be applied to cope with T&O problems in conventional WTPs, it is very
important to prevent interference with other water treatment chemicals, such as chlorine and coagulant.
Adequate contact time should also be given for adsorption of the T&0 compounds onto the PAC. To satisfy
these conditions, installation of a separated PAC contactor would be the superior alternative if there is
space available in the WTP. If necessary, PAC could be added at transmission pipe in the water intake
tower and still provide some benefit for T&O treatment.
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FolE PACE mémmd BUshs wiel A
.M 2 FARTFE DA AR ol A89 vt Aok (@
AHAFAE, 2001).
drdad A AdAR R st o] AR o tE ol’dT & MiAE viE ez B Aoxe PAC
7] 9% ez FFAFdMe 2RSS o FAAL 1 AES FHAseta o] FHn] 2
(powdered activated carbon, PAC)S €] Al&st T 3Fst7] 93 Wcte® PACE =42 &
ek dRtA o g FeEFPelA EA7E He olAv date W PAC HFXE o] &t Wl sl
Bae FEMAAE pH, 2RAE, Ten A% BT
7} PACY] o|FHn] &4 F&o 432 vAA go
v, PACO o|Fn] FFa gL 959 Bejalstaed 2 AFME Y WY
E4(53], #7159 EAAR), 4549 AA 4
+Az27, 283 PAC #4419 &334 44 o 2.1. o|FO| MAHE fIgt +=H2|H7Zte ZHEE
2} bt} (Suffetetal., 1995). 211 34, 94 2 PACS] geosmin A 7
1€ AEUAN HE HSE PACRUNTE A AR A Aok Sl e
ST, FE5ESA, agn AHA A o] glew, F $FA, d4&, PACY} geosmin A A WA=
FEEA] Ao Hro] PAC HE2E HAste & 24 ]—0}7] $l3te] 4ol geosming spiked}
Wolte 13E 4 Juth(Najmetal., 1991). thEE 3 o] 40.5ng/L2 TE Y45 dez AdS +343}
TR = PACE wwbler)t 7F & 355314 ATt ZE AEE Jar tester(PBY00TM Programmable
of Fsla o, F&E5 A o= PAC o9l 3 Jar tester, 7790-912, Phipps&Bird, USA) & ©] &3}
A daEA, 2gn das 2e 2AA} T oh SPAE 0mgL, G4 1 £t 2mg/l, PACE
Al Y7 WZo] o5 FAEAEZ PAC 7te] 10 =& 20mg/LE 5o 24zt F9iste] 173
dekgo R 3 W FAPAY &l AtE 200GolA mwrek thg AFFE AFAS GF/C
+#7F 9tk E3], PAC7} 949 wHeslH PACY (47mm, Whatman International Ltd., UK) o] %] ¢}
F&Fo] At te AME 2 o8] AdoA SEEA 0.45um cellulose membrane (Millipore HA type, MA,
©. ™ (Lalezary etal., 1988; Gillogly etal., 1998; 8] & USA) 2.7 ]33t & geosmin =& S 3I3ct &
1998) Kawamura(1973) & &=} A=A Ao glojx 3], 45 FU3 A9 A wdo] gd o5 &
29t PACS] BYAAL SdA S} W] FiE FAld o FUMEgo] dojuhA] LR E o} ihd
°1°]E dtta Bustdth @, PACY o|Hn|EZ  EF(sodium sulfite, Na,SO;) 43 &F& YAt 3
32 gx Ao o3 g vx] A7k PAC A= PAHCS(poly aluminium hydroxide chloride
E SAFH Tt AF A g8l FPH  silicate, ALO; 16%, ¥F 1.35)% A?ﬁomovﬂ
£497 PACTF 239 Wt HE Wo] Zo] it PACE 22 < 1080, gl &7 G424 200¢]
EAo thal F&%5o] At (Letterman et al., oFx}A] PACE Al&3sl9ith das i}O]—Oé AN E
1970: Najmetal., 1991). o]2]3F o] -2 <l8] =x8] & (sodium hypochlorite, NaOCl) 9198 8|2 3}o] H
AZre] FERbEE HAgsta PACY olFv] &4 & d4¥E7E 0.1 %(1,000mg/)Sl stock &9 ¥
FAEES 3 Wﬁ}é‘}ﬂ Aot AR B4 FEE 72‘01 AH&-t3A
spA] 2l A9 o] PAC FEF27F AA =7 =
SFEATH(RE, 2003). o] W FA A oke] FEnkE 212, 94, PAC, gFAe] A % AlAHE el
< Hast d FE dou, PAC HE5xE A5 “JF—E—' geosmin 7{1]71
A3t BA7F Ao ETE @l glof diFE AlEA 2ob SHAZE PACS F3o| miXE 932 4
AdE Aol AEHATE v, BAA G R < 7}°P7] flste] el geosming spikedt A&
gl 71& A5l PAC E525 AX A Rate 24 tdo=2 FAEAY M ERE AT A32
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%374 P e dgom sasEd, A, PAC  SRAE AR 7] wRe o % A
30mg/LRr FA9 75, =4 PAC30mg/LE FHst  flste] APl Jar testE FPst3lom, PACY
3 SWAE U] SHAREL FAF A, a8 ARAT F0F AT AR APe PACE B2
2R R dmgl Q4E FU@ T PAC30 o Flelel JAAER AEA e BAEDA
mg/LE Tt SRAE Tt SRAEE & FH} FLE AN Jartest APFS ST
A% Agol el AAL FASGTE PACS 945 PACS S04 BARY 48 AWYA BUF 9
SHAEG WA FAGE Afole 506G wnbdEe 5 AREStL e AR FAA BlEE
A 42 3R D187 whkgk o 334 25me/LE (PAC 2mg/L, S8 A 30mg/L, £223] 8mg/L)E
Fotel AR S ST SRAE L FEn ko] Jartest APE FASI e, AAEYE A3
Bk 200G, 1%, ¢& wuke dzraoz 70, 50, 18 & BAES A¥Er AL 5~10mg/Le PACE &
2 30GR 47 5, aela AL 308w AdE dste] AR B ARAGA A Ao FFAR
YA, PACH ) extg Hastelr] flete] O BAFUN BUY Jar et AW L FAS
AR F AeTE AFS] GE/CoE 0.45um o Jartest= kol s AT FAI M
A2 A3 T geosmin T2 SHeIGTh 4@ deidlen, FeFE A3 ekl GF/Ce 0.45um o
off A4 ACE ZolM 58 AR o33 0 geosmin FEE S SHAT

2.3. PAC ®&=x29| o|F|o|] MAHEE HII
2.2 PACO| mESo| @2 olfo| MHEE  Fig2: Aol AgE §3 2888 32 PAC
7} Azze Agwed, H5ze Zo|, 2 agw 5
PACe] #RERlol| wE o]Fn] AARE e 747+ 1.6, 0.65, 1281 0.4mo|t}. 22| Aol
a7 $18te] geosmine] ° 77~110ng/L EASHE 4 & % 32me|, FRUWY £ FL 03m2
o} F 2

=
A BrAFE WEor A0S FRtArt. Fg 1e dstn, 3ol Aadels Axse] 252 )
Aglo] AHg3 bench-scale #2AXE Lhehdl 20w Alstginh. thFdt 279 AL o 49T 5
#29o A FL Semola Aol7t 22.8mQl PE FEFH  UEE FFZ 4o & o] dmm T 9] A8&
&2 1394 ek §39] Lilimind o ARAL 23AE. 4YE A32A Bke AUl 8
o] 5~30% WAE 2ES AAsgon, 2 AFA 25709 BAR 24T AHeu ZuelA FusiAel
ﬂoﬂﬂi ARE AHT % 2 A 8QHAH ¥ AL 30mm(AA E5EHA] 10%) 2 90mm(H
AR A FEeEA 30%)9) A4E el 49E 53
At o 7 o]Fu] WA HFg A PACS  si3itt.
Peristaltic
pump
PAC slurry tank
e Sampling
Rawwati valve valve port valve valve
—_—
_I 1
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Fig. 1. Schematic diagram of bench-scale pipeline system.

343



Journal of the Korean Society of Water and Wastewater

Vol. 21, No. 3, pp. 341-348, 2007 A Ul ol AAEE P AT LT TG Hot
(a)

G Peristaltic
£ i pump
gl E
S £
<| 8 N

(2]
o PAC slurry
tank
1600 mm
Raw water
inlet
®50
Raw water
inlet
£
£
o
wn
©
Outlet

Fig. 2. Schematic diagram of pilot-scale horizontally baffled-channel PAC contactor, (a) cross-sectional view, (b) plan

view.

A 4ol geosmin-g spikedle] F 40~ 80ng/L
b AES BE 948 dges A8E FUa3)
ow, A5 #&, pH, 8=, e, §E/7IT
4 (dissolved organic carbon), 28] UV,,= Ztzt
156+2.6°C, 7.7+04, 497 +102NTU, 455=+5.1
mg/L, 1.58+0.19mg/L, 28] 3 0.029 + 0.004cm™ ©]
ATk, 105°C e ZellA 2A13F Bk AxAZ PACE
240l Yol 10,000mg/L stock &S A g o] Abg
aFGith. HExo] A FAIT] 1077 208 of U7
o] PAC §1& f5 20 FYele] 4% PAC 5=
7b 5~30mg/L7t HEg 2 ARE AASF
Al PAC] 9|3t ea5 #HAstslr] $lste] GF/Cet

A
&

0.45um oA 2 o] 2 Th5 geosmin FEE 574 ot
At

2.4 MUY

pHe} 422 pH meter(520Aplus, Orion), BEE
Turbidimeter (2100P, Hach), DOCE TOC £47]
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(Rosemount DC-180, Dohrmann), Z2g]x UV,,&
UV/VIS spectrophotometer (UV-1601, Shimadzu) &
o] g3ted St ¢Ze =& Standard Methods
9] 23208, #Rd4Le= DPDYHoz A3t
(APHA, 1998). 3t# geosmine CLSA FZ7x| <}
GC/MS (Agilent, 6890N GC/5973N MSD)E o] &3}
o] B39, geosmin(077-01891, 1.0mg/mL)
Wako ChemicalAle] FFEAI S AHESG 0] 5,
1999).
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Table 1. Effect on coagulant, chlorine, and PAC for geosmin removal

Water Treatment Chemical Dosage(mg/L) Retention time(min) Geosmin(ng/L) Removal rate(%)
Coagulant(PACS) 10 32.8 19.0
Chlorine 1 28.8 28.9
2 1 225 444
PAC 10 30.9 23.7
20 24.6 39.3
Raw water 40.5
geosmin®| 19%7} A A H = A2 Yeiwtt, A&t ¢ FAAS] F/7F S0 geosmin A7 &0
FY Agoe FhZFol S/HEFE geosmin A|A  HolA e AFE B, ole FAAENY B
&o] S7kske AEE Bilow, daFdd mgl & WaAom Qe AW FA e fsol Ast
A 12 Hree] HEARNRCZE 27] geosmin®]  H Q7] wjEolth, W, AIAFERIY] A A |
F #4%7t AAH = Ao Yebgth(Lalezary etal., A FHstaL LHPAZL o] Fof] PACS S-AE F4
1986). g, PACRF F18 Af-oll= dast vpxizl sb= Ao] PACE ®A FUF AR geosmin A| 7
A 2 F]lege]l Tkl mek AAEo] Skt A A 4 Ao YEt o) 318 w4
o2 YT Ztol wE vt WA FEo] Astdor Qld)
PAC7} 592 o #Fg47 AA E43le] PAC &
3.12. &, PAC, 33Ae] T4 2 AAEY Ao 2 9FE nAA Fk7] HEQ] AR AR
w2 geosmin A 7] grh. webd el M ol Hn AAE 9 A
Fig. 32 ¢da, PAC, 22]3 SRAE 4 B3 Al A ARl 9lof A&, PAC, S3A o= AlAt
A FAg Ao dyrA BE Qg o] FAE Fdste Aol olFn AARES S AE 5 9
AE Al FAT AR RS T FAE F = Ukolet AtrE Y
ol geosmin A7 &o] F-Fatdtt. A Fde] A
3.2. PACS| #E=Fo mE olFo] HMAHEE
60 7}
ol ] Slmultane.ous input %ﬂ'agi o]%n] Hg*gﬂoﬂ %‘fﬁﬂ'oﬂ/ﬂv‘:— %ﬂiﬂ—
o Separate input PACSte] %82 ] et Ad4E A9
I 4| SHA @3l PACSH SHAE o] &3ste] olFvE AlA
£ 3t7] Wzl 2 Ao = PACS SHAES o] &
| el BERYl 42 o|A8 AARES 2199
S a0 | t}. Fig. 4= PACe] #25<]o] 9 A& o)A Jar
testE ©]-&-ato] Alatel] whet PAC £ &2 2elal 7t
o A geosmin A A Z3HE Wl gk Aajo|rh, A
0 HiE nhel Zo] geosmin A 7&-2 PACS &34 3t
A B c D E o] Alz7F AojR 3 PAC F5)&o] S71E45 zo}
Fig. 3. Variation of geosmin concentration according to Ae 4TS B9 o, PAC F{l#o] F7hsd et
simultaneous and separate input of chlorine, PAC and  A]z}7te] A A& ZL AAE Ao R Yehygct. 3
coagula.nt(A: Raw water, B: Cl, Img/L + C.oagulant 10 7. PAC 15mg/L9—} SAAE (05 AHE Sq =
mg/L, C: PAC 10mg/L + Coagulant lOr.'ng/L, D: Cl, Img/L + o5 7 cosmin Zﬂﬂ So] 79299 Wk PACS)
PAC 10mg/L + Coagulant 10mg/L, E: PAC 10mg/L + Cl, i g = - ’
1mg/L + Coagulant 10mg/L). SAAE TA FUZ A= 43%d EIsld
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Fig. 4. Variation of geosmin concentration according to
simultaneous and separate input of PAC and coagulant.

PACE AIAHEIE A ,}E.i_‘n:_ oF 35%9 B&57}
2 AR Ao JERRIEH, 2008).

Table 2= bench-scale ZZAXE o] &3] PAC
o $UAE A7 FYT A9 Jar estS o] 43l
A FYe Ao A8ARE e A2, AA
7Fe @ t-e] geosmin& H AL 104 o] 5l A

AslE %S HATHA 5, 2005). PAC 5~10
mg/L.& Feel BRolN AP BEE HE &
AAE FUAAL W HHA 208014 741~

81.2% A =2 geosmin A|AE&S Hol vk PAC 12
mg/L¢} S A7} Jar teste] BA] FE A S|
72.6%9] geosmin AAEE B}, ol #T=
PACE FYsttztE 71& F449 55284
PACE R4ate ARt AL Forw A9 {4}
=0 o

e 2 2

geosmin A A&

& . ©l
Najm(1996)°] CSTR(F%&3}#]) rh PFR(#2)

)

3.3. PAC ®&=x9| o|F[o| MAHEE H7}

UM St Ao PACS tf2 4= 2lA] 92
45 G Wit AdE FIEAT] Wl &
Ao A e PACTHS o] &3at 7|E9 g d+4
HEg Faste] PAC HFx9 o] AAZES
Byl oh(e) el <F 1998, 2001; <F, 2003; <F 5,
2002). Fig. 5 543 (bend width)©] 30 2 90
mm, 299 £5 13 9 2548 247 2489S v

geosmin A A EE PAC £ 3} 24| ﬂoﬂ e}
e A2, B5Eu A
G BEAE, 2Fm PAC Fy@e] Zhael et
27behe 7

ogt
o
o
324
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geosmin A 7 &©]

20mg/L F)sta 105 o] o] HEA T SEEw
geosmin A| A& 80% F=E GAE F US AL
2 ddEy, Ao £5 2437 dE 4§ PAC
EHHgS T/ T AAES 4 F U
A %-’FE"L@I"] AA=

Table 2. Comparison of simultaneous and separate input of PAC and coagulant

Input type PAC dose Item \ Contact time 0 5 min 10 min 20 min 30 min
Simultaneous 12mg/L Geosmin(ng/L) 87.0 24.0
Removal Efficiency(%) - 72.6
Separate 5mg/L Geosmin(ng/L) 76.7 41.3 28.2 19.8 16.5
Removal Efficiency(%) - 46.1 63.2 74.1 785
8mg/L Geosmin(ng/L) 76.7 328 24.0 17.0 12.2
Removal Efficiency(%) - 57.2 68.6 77.8 87.8
10mg/L Geosmin(ng/L) 109.9 32.8 23.8 20.6 16.3
Removal Efficiency(%) - 70.1 76.2 81.2 85.1
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100 U PACRES R & Afdde FATe] S7Hgd o
g g @ 2 geosmin A7 g0l F7keHE AP wglow, o
2 80 [\ 4 2mg/L E PAC 0mg/LS = egam 12 3w
g 60 ‘Z AEALE 2t 7 geosmino] &F 40% F= A|A
e S wE= Ao Vet
§ 40 | N 2) A olHAN AAE A% FAAE F
ko Aol lo] FAAE FAl FUsks AT Al
g 27 | RS Fa Rk glol 4 £AYAY fgel S
& b sheol whe} geosmin A A &o] 3 A0 Ve
_ N e | enosd 999 AR sa 9a PAC . 292
5 w0 | $UA #o8 B Ao L8] Y S5 A
o= ek},
S 60 3) S5 B3 T AFALE FEE] 4
§ ol - sto] @z PACE Fstt gtz 7|1 B4l &
S e £Z3A| o] PACE FSlste ARY 42 Tz
£ ol o 2 A9 §AR geosmin AAEE BHT 5 YA
g 3 4) PAC HZx9] A% Bz #Agle] 4
S : : : : : 9] Sl AR, 283 PAC T8l Fo] F74Eel
o s 1015 20 25 30 mal geosmin A|A&o] F7HG oM, PACE 20
PAC dose (mg/L) mg/L & Eoldlm 108 o]Ate] HE2A|7He SR FEThH
PAC HE2E o] &3l 80% 2| geosmin Al A&
—e—Bend width 30 mm - Contact time 10 min S 2 S Aoz FoEr)
—4— Bend width 30 mm - Contact time 20 min 5) ol#" AAZ s PACE FY& A Sd+=
---o--- Bend width 90 mm - Contact time 10 min PACH ©t=Eo 2 EQSAY 83 HEAS 2
---A--- Bend width 90 mm - Contact time 20 min T2 3l= Aol 7H =83 , A} -4 2
Fig. 5. Percent MIB remaining as a function of PAC dose in the = ThE FAA of B B8R sk
pilot-scale horizontally baffled-channel PAC contactor with R ©] PAC9] F&a &S Hdgl & 4 & WHo
various bend width and contact time. (a) 13 baffles, (b) 25 t}. o]# e ZAEL UEA)7)7] YA E ASFA U
paffes of 2Agus} golsh PAC A28 X et 4
22 AA7L Bhed AgolE B TR A
Ao1E 93] PAC HE2E o83 4% PACE  B3he Aol XY Wole BeaTy,
Fee Fuger] R FFRae B o
Aue] 58 wele o] B4 Ao e, H2H
oy g Aze HAFA 98 (computational fluid
dynamics, CFD)< o] &8 BoloE 7AZH wvyp L AEIL Q003) 422 o]3r] 4%z} 25 PAC A&
9l TH(F = 2002). i‘g?fﬁ THUT9] o]Hu] Ao], st BrALEkS
2.9, wiEe 71318, 334, Paul Westerhoff (2005)
4.4 & !

1) $RA 10mg/LS Fdstn 183t HEAZ

o SJaME oF 19%9] geosmino] A A= ATt

BN
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4C-radiolabeled MIB ¢} HSDM & ©]4-3+ 22 PAC £9]
g o Zzzae) M, ks Ees]x], 27(10),
1123-1128.
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