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A Study on Removal of Disinfection By-products in High Concentration
Powdered Activated Carbon Membrane Bio-reactor Process for
Advanced Water Treatment
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Abstract

This study was conducted to evaluate the performance of a membrane bioreactor filled with high
concentration of powdered activated carbon (HCPAC-MBR) to reduce DBPs at the drinking water treatment.
The pilot system was installed after the rapid sand filtration process whose plant was the conventional
treatment process. The removal efficiencies of DBPs were measured during pilot operation period of 2
years. HAA and THM removal rates could be maintained around 80~90% without any troubles and then
tremendous reduction of HAA and THM reactivity were observed more than 52%. The average removal rate
of HAA formation potential (FP) and THM formation potential (FP) were 70.5% and 67.6% respectively. It is
clear that the PAC membrane bioreactor is highly applicable for advanced water treatment to control DBPs.

Key words: High concentration of powdered activated carbon membrane bio-reactor (HCPAC-MBR),
Advanced Water treatment, Haloacetic acids (HAAs), Trihalomethanes (THMs), Reactivity, Formation
potential (FP)
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44935 913 $A 2] (Post-chlorination) & A A| 3}
I oy 94 AERAAEL YRE IYdELR
T E o] AAl AevetellA FHVIFCR JFASt L
Atk wl= 2% (USEPA) o A = 1994d o 4%/
AERAEH (D/DBPs rule) & Al Qs dAEZ &
A A &= (MCL: Maximum Contaminant

Level) & &9 th. Stage Io| & Egj & =gt
(TTHMs: Total Trihalomethane)¢] MCL-S 0.080
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Fig. 1. Schematic diagram of the Pilot-plant.

28

Air compressor

A AAR R FAFATL A 28 F
SERAEA B AAZeUsE Bt

T
s
3 AEFH oMY H84E Hrletaat s

1

N,

Hi

&

)
o o

(HCPAC-MBR: High Concentration Powdered
Activated Carbon Membrane Bio-reactor) S A 2] 3}¢]

A7) A B A5RAAE] A, AAS

TP BT Aot oA

< Table 19 Yetfigich. B3] o3&

g o]3}42 HCPAC-MBR ¥Hg-%= f<1A1A
]

Pogdds
3 7]

A

f

0
+
-

Helx

Hels=x



#8349

- A tE

Aor=97| =2
2034 13, pp. 27-34, 2006

Table 1. The characteristics of raw and filtered water qualities at the B plant

Item Unit Raw water Filtered water
pH - 72~93 6.5~7.2
DOC mg/L 1.82~4.05 1.53~2.83
uv254* cmt 0.055~0.090 0.015~0.049
SUVA** L/mg.m 22~3.0 1.0~16
Turbidity NTU 55~110 0.04~0.10
DO mg/L 6.5~12.1 6.0~115
NHz-N mg/L ND~0.65 ND~0.02
NO;-N mg/L ND~3.22 ND~4.8
Alkalinity mg/L 35~69 18~55
KMnO, consumption mg/L 7.8~185 12~6.4
T-N mg/L 20~5.0 21~25
T-P mg/L 0.04~0.20 ND~0.008
*Absorbance at wave length 254 nm **: UV254/DOC x 100  ND : Not detected
Table. 2. Operating condition at Pilot-plant Eg gz e(THM)S 233te] SLE28 214
ltems unit Conditions Y. 287194 (DOC), 2 x4HHAA) 5
Reactor capacity L 250 (125 x 25 x 100cm) S AHFSE WhgE2E A-H AE (Jar-tester) B 0] 83}
Added PAC - Coconut shell gon Eglgdazve(THM)L Jdidolnz S
Injection PAC conc. gL 40 FHS 2o 39 AL uAE7] 500ml g2
Flux m/d 0.72 o } . e
Suction type - continuous - intermittent = AH&3FATE ARt Egj@Ru|eH(THM) 58
sucion A AP Z7NA wegel FUR F muby)
Intermittent suction cycle suction/idle 12min/3min k)94 25°C, 200rpm .2 1647+ Wk-S-A| AT}
Operating water level min. max. 90cm~110cm
Back washing time min 3
Air flow /min 20 x 3EA 2.3. 8&®7|Et2(DOC) &H
4277184 (DOC) 232 0.45um membrane
S5l on | AR7|7rEe By §45& 0.72m/dE filter2 o] 33 F o] Standard Method 5310C,
SRttt ez B2t el ofalAlolH | “Persulfate-Ultraviolet Oxidation Method” o] ZF3&}o] 4
€ HgLE FAHKL. WLl 4 A pAs s
AFFARIE AFAA LA E B4 FAES
Sttt AdSIEAE 7492 Fig. 1o YehfiaL gle 2.4. EEI%ENIEP/QEE THI\/I/HAA
w429 £1x71S Table 20 2okttt & 4 Eg g2 g (THM) 4 & USEPA 502 zbH
T-Z $8] 20013 6¥H5E 20033 9€71A] 21 Bt “Purgeable Organic Compounds in Water by Capillary
o5t Column Gas Chromatography)” o] Z&3lo] A A]3l% 1
HAA E241& EPAS552.2 Micro-extration method
2.2 BMElo] EMAIT acidic methanol - ©] &3t Methylation ¥ o uw}gic},
TR AW FUE TELHE TR =2 a2EFAEAY/ S (Formation Potential) A g o4 A
AL 98 32R YABHE(GAC)S 325mesh  FYFL 5* (DOCERE]+7.5* (FRU A &
) o315 A pHL 7ol FEE 4 A 3 E)E 2AZ ] A GRFS Ao AIE
FrE AHE F 105°CollA 421t 27T 5 F(NaOCh &2 H7kete] wjek71olA 20°C, 724
4 219l 0.3g S-S ) 25°C, 200rppm o2 16 7t ok wreAA E =g (THM), 224t
*171} wWyk & §ER7194(DOC), EFE2HHAA),  (HAA) A ket 24 8k3ith
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Table 3. Adsorption coefficient of Freundlich Isortherm for various types of PAC
Coal base Wood base Coconut base
Parameters
K 1/n K 1/n K 1/n
DOC (mgg/L) 5.53 0.7468 12.03 0.6851 11.69 0.3921
THM (ug/L) 253.86 0.6598 87.38 0.7326 373.59 0.6068
HAA (ug/L) 70.41 0.7100 12.31 0.8972 33.99 0.6009
MB adsorption (ml/g) 170 80 190
lodine value (mg/g) 975 982 1010
gk ks UER ofA A EEEdES B A AR

3. &1 o nF H FIHZHE NheZol| FYst=E Attt

3.1. ELEMEHPAC) S25% 3.2. 2=5M=(DBPs) 2| MHEA

e TFAEP L vk Ao B SRS AT FdHE AT AdR7
dete] MR A% FYFEE 4] AT S ENOM)| 5%, FY=HE 94%, 7, pH, vh&
Fozn AAEAT. 3FFAEA, SA, ofx ARt BEolR 5 B QIAEe]l AP EA A Bl
Aol wddAd gt digte] §E/7IEA(DOC) £ = A2 48A vt BT Ar, FF 18
49 (KHP; potassium hydrogen phtalate), &= %4t 11 SdZFHE Ao 2532HE(HAA, THM)
(HAA), EgJE2u|e(THM) XF89E 47 A8 ZAMERE Fig. 24 Yepdigich. BYFA o3
ATt AAUWGELD BT T2524 (Freundlich  F4o] 224 E@zvd s 79| v)5d
equation) & # W2 Zo R YEyton Haas  AgE Holi vk o] Aeshe 6~8€ (2002
WHo & ¢ Freundlich %4 3t Table 3o Uehl] it 25°C)ol= & @2 Yehlle S4E Bolu
At gdon, Hurrt g2 2iHHAA) 78 2ug/L, E

Utz o 2 Freundlich 5 F24E 23 1/7°]  Z2A(THM) 57ug/Leolitt. dL3ZHE {4
Fro] 2KTh Z & WolWl FTRFAM VeIt F T TRELHHAA), ERE R E(THM) B
A =Hol 4w F2 IVMALE AFHAEL] & FEE 747 235ug/L, 27 9ug/Leold o, fEFE
A=A gom, 1/no] 0.1~0.59 wf F2=7] 4 2.1ug/L, 3.4ug/LEA F49 2ol #Aglo] vl
2, o] B9 WellM e K3te] 245 a4 oz & w$e FEE A5 vt A ERE FEF F
Z Slth. Table 298] Ao A ofxA] GAeke] Mgk o AZRAE FEv BASE Ardr AEHe
At ERARG K 1/n g 25 Fag A2 el 4o 10% olakdl o2 eyt & dUsiENE
ot B e 35S Freundlich Zogtez & 29 ol A&&A dAMAE AARF71E
o Bud = AT AAWLEL e -+  (DOC 7]%) AAZELS 10~20%5 Holx R

60.0 60.0

HAA con.(ug/L)

023 04 05 06 07 08 09 10 11 12 03.0102 03 04 05 06 07 08

(a) The variation of HAA concentration

—&—Influent —A—Effuent —6— Drinking water

023 04 05 06 07 08 09 10 11 12 03.0102 03 04 05 06 07 08

(b) The variation of THM concentration

Fig. 2. HAA, THM concentrations of influent, effluent of pilot plant and drinking water of B plant (2002. 3~2003. 8)
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A4 A Adnkezrt

g gt o 2n) A= B2

T BB 2 2AH(HAA),

(THM) AAurg=e 2b2h 32.3ug/mg, 40.7ug/mg
olul, She S EAE G 2ol UG AYHSEE 13§
Hg/mg, 19 7ug/mg o 2 52~57%9] AAGZES B
o, Agdnz oo By clahes Jot 4

Pugwrt 7] MG ForER s AREs

Table 4. HAA&THM behavior by various process for Influent and Effluent

HAA(ug/L) THM(ug/L)
Process \ DBPs
Influent Effluent Removal(%) Influent Effluent Removal(%)
Only membrane 396.2 391.6 12 2145 175.7 18.1
Only sand 393.0 386.8 16 275.0 256.8 6.6
Sand-+microorganism 756.5 378.1 50.0 781.8 7244 7.3
PAC+microorganism 570.2 155.4 727 776.7 34 99.6
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Table 5. HAA & THM reactivities of influent, effluent of pilot plant
and treated water of B plant

Water g HAAFP/mg DOC g THMFP/mg DOC
Treated water 295 38.2
Influent 323 40.7
Effluent 13.8 19.7
Removal (%) 57.3 51.7

W, Eg|gzuee 34% 2 YEyit
3.6. &7|2Hof wZE HCPAC-MBR A|AHIe| 8f
o{n 54

2001 694 2003'd 109744 F2970 €9 F<d
+713t Pilot-plant®] Segmentd +HZ71-S Table 6

o] JeYon Fig. 4= 478738

g} whgato] 2ERAE(HAA, THM) %7t 271 &9 ¥ss vehlx . #4 & Sudle A
4 & 9eg vekdt ©2 103, AAyurez 73 AAelg o Fig.4¢] 7
AR 2 wASAT Aol B2 =AM
3.5 ASEAZS MMS(FP; Formation Potential) — Z 123 &<91/3% FA wped] 1824 <1 (Run-2)
A 3} 908 F/308 FA yped T vlmale of
Fig. 3¢ 4709 (2003, 5~8) B¢t g ZAE §  HATAEA, o o], 9 5 Mauix zo]=) A
sl f2e] AEHAE(HAA, THW =9 4 A7t SRR ojux&7bsAtte] 53] dojx:
% =5 (HAAFP, THMFP)SUehlz gith. &9 Zo=Z ZAEJon A HE AA S 457t 184
T Zo] 22N (HAAFP), ERjgauebyy  &5hS wEoh of x| &A3ko] 1.8u7F o 2t
S(THMFP)¢] Ba¥EE 59.1ug/L, 72 1pg/lLolql xS 718 552 sj&sky] Slate] AAIe
3, #E5 Fo Tz EddRdagdse  9F LEAY AR ne ddds e EAE Y
R A 19,8ug/L, 253ug/Le] e Hol AAE = W(Run6)7}F 344 kS w (Run-5) Ko} of 73]
2 ok 70% AR JeERGTH BASR A & ¥ 7 S dA8 =S & Atk 1
Z2AHHAA) YA e A% ¥ 19%c019e 4, L3AYE Fds7t ez lE A4
Table 6. Operation condition by various segment at Pilot-plant
Items Run-1 Run-2 Run-3 Run-4 Run-5 Run-6
Status Stl St2 St3
Added PAC con. (g/L) 20 40 40 40 40 40
suction/Idle (min) 90/30 90/30 12/3 12/3 12/3 12/3
Pore size (um) 0.1 0.1 0.1 04 04 0.1
Air backwashing X x X x O @)
Added ozone X x x X X e)
0.0
£0.0
400
200
an
HAA Ha,AFP HA, A HAAFP%5) THM THMFP THWMTHRFPCE)
m InflLient 1.3 591 191 mInflLert 24.3 721 337
B Etfluent 17 198 8.8 O Etfluent 20 253 73

(a) The removal rates of HAA and HAAFP

Fig. 3. The removal rates of DBPs and DBPFPs at the pilot plant.
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(b) The removal rates of THM and THMFP
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Fig. 4. Variation of filtration resistance in HCPAC-MBR process.
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AR A 52~57%9] AAES BHAoH, Aa A
2|34 B4 Mgl Bk 2w o)) B FEE
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e AR & 9 Ao AgHg,
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24 3ug/LolH | A4 5 (Formation Potential) ¥ =&
59.1ug/L, 72 1ug/Lo.2 %Al o] e HAH TS 1}
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