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ABSTRACT : As a part of dissolved organic matter, dissolved organic carbon (DOC) or biodegradable DOC (BDOC) fraction in
particular is one of important issues in water treatment. Due to role as a nutrient source for bacteria, BDOC, therefore, may cause re-
growth problems in water distribution system. The main objectives of this study were to investigate the possibility to minimize the
concentration of BDOC in advance water treatment process. DOC in water is fractionized into four fractions such as AnBDOC
(adsorbable and non-biodegradable DOC) which possesses adsorption properties but no biodegradation ability; nABDOC
(biodegradable and non-adsorbable DOC) which has biodegradation properties but no adsorption ability; ABDOC (adsorbable and
biodegradable DOC) which has adsorption properties and biodegradable characteristic; and non-removal DOC (nAnBDOC) which
do not have either adsorbability or biodegradability. BAC process was effective for adsorbable DOC (AnBDOC+ABDOC) removal.
However, in some cases, the removal ratio of adsorbable DOC was not sufficient. BDOC removal rate is very low or irremovable.
Thus, for the control of residual DOC, it is necessary to change the operation condition by BAC process. From the analysis results
of DOC fractions, water treatment processes appeared to be effective because it could grasp a remarkable amount of biodegradable,
adsorbable and non-removal DOC. The concentration of AOX in non-prechlorination process was reduced from 7.1 xg/L to 0.51 4
g/L in BAC process followed by ozonation.
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BDOC(biodegradable DOC)

nBDOC(non-biodegradable DOC)
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Fig. 1. Schematic diagram of DOC analysis method and classify.
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aluminium chloride; PAC, [Al2(OH)Clg-nlm, 10% as
Al203)& 15 mg/LE FY3ct At FA oA = 120
m/day®]| =2 ojisin] EHEds AAsH, 24k}
FAL A7 0.35m, 0] 7.0 m, +E8F 0.481 m3¢1 ¥
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mg/L, &EAZF 10 minl &2 4319 HHeES A7 5}
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AAs7] YA 2.0 gm membrane filter2 o33+ 2

Algadog aAbgsigltt o] AFY 2 mLE 0.2 um
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Table 1°] YeRH vkel Zro] ¥4= 52 DOCE 3.91 mg/L
olglon 3 - A 34 Foll= 2.52 mg/LE 35.6% I
430, AP R = 238 mg/LE Faste], A4 H4
A2 TS 283 Fol s KMnOsHHFE FFARSE 73
FORA F71EY AAGO] W W AoRE ey,
DOCY] =7} 2&AM} To= 1.44 mg/L, BAC 574 &
o= 0.93 mg/LE A Aa2EH YA, 57 f7152d 9
gk 0|2t EHY A4 7HsAo] ASHEY. & 59 AT
Aato] ostH DOCY A4 == THMFP7} hydrophobic
DOCo||A] 28.1~56.5 pug/mge YeUH 9 &4 59 A+2
o A= DOCY TOX 9] A450] 80~250 pg/mg & &
53k 12 hydrophobic DOCE AOXFP+ 162.3 u
g/mge A "ok 19BRE AEFHoR PPEE
AOX9| A7HS $Jate] &3H&Ql DOCY A|oj7h atHTt,
3 $E=oo] A BDOC %7} 0.08~1.45 mg/Le] )
of Z71e uf, B 9@ 254 ndERE Fete 2oR
B BRI w3l A 9] vl E QS AAst7] st
of §7159 A& A7 FL8H| e, ol2|eh A4
kol &Jste] BAC 34 Fof &F3t= DOCY] =& ?lst
o] AEFAA AgEFe] AOXY THM A4 9 v]yE9]
Agke] A&t 3t 7k A234d DOCY AA 7H
& ASsta anE o s Alofslr] flaiA] DOCEE #4
fE

.

O

3.1.1. #42| DOCEZ EN
Fig. 2¢} Zo] 7+ A7 241 DOC & A3t Ay}
A4 Fofl= TDOC7} 3.91 mg/Lolglen, nABDOC,

L=
=

=hid

Table 1. Water qualities in pilot plant (average*standard deviation, n=8)

ltems pH Temp. (C) DO (mg/L) KMnO4 (mg/L) DOC (mg/L)

Raw water 7.3+0.4 15.56%2.2 9.8%+1.5 5.06+0.6 3.91+0.5
Coagulation sedimentation 7.4+0.3 15,4111 9.7+£0.5 1.90%£0.4 2.52+0.2
Sand filtration 7.6+0.2 15.7£1 1 8.2%0.8 1.90£0.5 2.38%0.2
Ozonation 6.9%0.3 15.9+1.2 10.7+0.5 1.58+0.4 1.44%0.2
Biological activated carbon 7.2%£0.2 15.8£0.9 6.9£0.8 0.32+0.4 0.93+0.2
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Fig. 2. Variations of DOC fractions in each process (value: average, n=5, unit: mg/L).

ABDOC, AnBDOC, nAnBDOCE Z}Z+ 0.95, 0.79, 1.71,
0.47 mg/LZ Yehgth = o2 AA 7158 ADOC
(AnBDOC +ABDOQ)= 2.50 mg/LE2A AEHZ A7 715
3+ BDOC (nABDOC+ABDOC) 1.74 mg/LEt} 7t we
Aog yeyt, AEHE AA7E o2& nBDOC
(AnBDOC+nAnBDOC)+= 2.18 mg/L, S&o& A|A %A
9F= nADOC (nABDOC +nAnBDOC)E 1.42 mg/LE &4
e Ao& UeRdth Kim 52 A7ddlel ot o
Minaga®ollA DOC| Bat&s%7} 2.3 mg/LY ©f ADOC7}t
90%S AA5+% 2 BDOCE 10% 0|5tz Hid)siar glo.
™, Chen 5 %29 A+Aed 4o 23H BDOCE
0.97 mg/LE Bi¥stal Qick, 2 A-re] it Alwel ¢4
= A7 AgEo] FFollA nEREH7 <ol A A
BDOC s+ A8 o g U9 Minagas Bt} w2 54
S Uehfs Aoz sekE

3.1.2. 8- ™ & Mojat 2|52 DOCRE EH
23 - "4 ¥4 %, nABDOC, ABDOC, AnBDOC,

nAnBDOC?| 22 DOCs=7}F 22+ 0.33, 0.65, 1.15, 0.39

mg/LoI9lo v, 1 AAEL 242} 65.5, 17.1, 32.8, 16.1%%
A nABDOC9| A A&0] 7} E=%ow, AnBDOCS}
nAnBDOC7} A o2 w2 A7 && e (Fig. 2)

3 DOCE A& & M Frroll we RS
o}, BDOC, nBDOC, ADOC, nADOC?] &%= 7z} (.98,
1.54, 1.80, 0.72 mg/LEA AAEL 43.6, 29.2, 27.9,
49.2%% YEFY BDOCS nADOC7} 9F 43% ©]4H] A1 78
< Yehgiglen ADOCS nBDOCE Altfzleg e AL
oF 4= 9lglth 94 - HA 2AHOF 1.39 mg/Le] TDOC7}
AAE ] 35.6%8 AAES Uetilth S4 - I 34w
AA" TDOC Foll4l BDOC (0.76 mg/L)+ ADOC (0.70

mg/L)7F FARE 22 AAES e, 2H5Fst= TDOC 5
Aot Faer AA 7tsFez 2% ©, BDOC
38.9%, ADOC T1.5%2A &2+ 340z AA 7p53e 54
o] ¢ @o] AAsk= 54 Uettio] €49 DOC #Eot &
AFSHA| UrErstTE,

Apojit FA Fo= nABDOC, ABDOC, AnBDOC,
nAnBDOCY| =7} 717+ 0.33, 0.65, 1.15, 0.39 mg/LE
yUehfio], nABDOC7} 16.5%, AnBDOC7} 8.8% Al A =311
1 99 £3 DOCe= A9 AAHA e ALz vepyth
Atofat B4 /\IE o HAEd AlAE 5HeR 3 A
o2 7 £2 DOC 5=9 AlAZe] &4 - A 34 Het
WA Uebstt,

3.1.3. 2ELM3} X2[+=2| DOCEXE E4
QZEAL F4 Fof= nABDOC, ABDOC, AnBDOC,
nAnBDOCS’—] w7} 2k} 0.15, 0.54, 0.56, 0.20 mg/Lo]
o I AALL 747 45,8, 20.5, 47.0, 49.5%%th, &
t&ﬂ FACZ A7 TDOCEE Fo)4 nAnBDOCE] A|
Aol 7MY 2 HES AA st ASoRE UET
nAnBDOCO] @954 AAES &4 - I 34 16.1%,
At 34 0.5%, BAC 34 9.6%, 2&AS 307
49.5%7} AA == AS.2 YeY nAnBDOC A A=
AFSE 7ol 7 anbA el Ao Uektth AlAE TDOC
oAz #£3 DOC7F AA|sk= H]&°] AnBDOC
(51.9%) > nAnBDOC (20.4%)>ABDOC (14.6%) >
nABDOC (13.2%) <224 AnBDOC7} 71 @ol A A=

e,
QFAS & AFSH= TDOCE 1.44 mg/LEA 39.8%2)
S5 AAES vehdlen, AR 29 -7l

uje} LEF-S o, BDOC, nBDOC @ ADOC, nADOC?] %
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Fig. 3. Variations of DOC fractions by ozonation.

7} 0.69, 0.76 9 1.10, 0.35 mg/LE UYelH it &
28R ZFsHs DOCE 84 (47.6%)2F T2 DOC
(76.0%)7}F A}A]8l= vl&o] Atojab> Kt 27} 8.9, 3.8%4
7k S Uetdlon, 58 34 AEd 389 ¥
YO & X7 DOCE Aafof & 2o & veyitt,

3.1.4. BAC *2l$2| DOCE= EN
BAC ¥4 %9 ®3 DOCSl nABDOC, ABDOC,
AnBDOC, nAnBDOCY] *=7} Z+zF 0.12, 0.32, 0.31,
0.18 mg/Lolglen, 1 AAES 27 16.9, 39.6, 44.5,
9.6%%A FALE A|AEE= ADOCY AAEC] 7 =4
UERE T BAC 349 AegolA d=% ABDOCS}
AnBDOC+E= BAC ¥4 AAE & Sl =0l A9t 2he
il 9= A2 BAC 340] $53 752 oHA] Kohe AL
{}ggu} }7]4 nAnBDOCS} nABDOCS] A|AH &%
W5 0.02 mg/LEA w9 @A Yebgow, nldEws)
2 ¥ AIA %= nABDOCS] F& AIAREE FE BAC 37
o AT Hoff At W2 AL & S qirk A AAH
TDOCEE FolA Zt #¥ DOC7} AR 8= Hl &S
AnBDOC (49.1%)>ABDOC (42.2%)>nABDOC (5.0%) >
nAnBDOC (3.8%) <224 BAC &4 A &2H44¢1 ADOC
(AnBDOCS} ABDOC) 91.2%7} A A =] AL,
BAC ¥4 39 TDOCE 0.93 mg/LEA ©54 AA&
o] 35.1%, AAFTHLRE 76.2% AAE A} ZHF TDOC
£ BDOC, nBDOC ¥ ADOC, nADOCE FE3& w2 &
= 72424 0.45, 0.49 2 0.63, 0.30 mg/LEA ADOCY] A
Agol 7HF woko BAC 34 $oll= ZHFdl= ADOC2
w7t 7P Eong F& 3 e AA e A
o2 gkt
ZEA 22 BAC 340lA AlA%= ADOC7F 27
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il
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1.mng'L)

RACY Che,

omgh L OmeglL)

W fraction

o}, ZEEHE 0,63 mg/Le] ADOCS}F AE349] BDOC

0.45 mg/LE F¥ 5 sjajolA njdE S4]o] o=
t}, 3717t & BAC FHo] AEF A (biological
EBCT7} 15

activated carbon)oZ &M= QI oLt
minl & szo]—ou:] /\Hﬂp:]-/m;}og %L/\é% I
AERE sto] f7189 Edi7]ss WHshe whdo, 24
ghol] FAJE AgEuto] /A

O
=
gEoE BT FAVISe) Ut FUR] RO

2 EBCTO Z7h} A7) 59 &
F43} 22 o0 4 Ao 3 A

3.2. LEFYUZ| UIE DOC SxHSIE
NEAA e T4 pilot plantolA ©&2FEFS 0.
mg/L7 1.0 mg/LE F7H%E o DOCAES] ¥3ks &=
Atete] Fig, 33 22 Aiks A9th Pilot plants= -S4 -
AA FA o] AgEdon T Qo] SAXAL A7) Al
247 F9stAT) ¥4 TDOCF £2 DOC?! nABDOC,
ABDOC, AnBDOC, nAnBDOCY] %+ 712} 2,06, 0.39,
0.75, 0.63, 0.29 mg/LE UYetH o™, BAC ¥4 (&1
mg/LF%) $9] == 717 1.36, 0.20, 0.67, 0.31, 0.18
mg/LE WEeRHh ol TDOC, nABDOC, ABDOC,
AnBDOC, nAnBDOC?| A|AE&S 7+ 34.0, 48.7, 10.7,
50.8, 37.9%2A4 E3¥ DOCHFAH F2Zoz A7 H:=
AnBDOC®| A|AE0] 7H =& A o2 Uyt
Q&FYFE] TVt wWE nABDOCS] RS ARG
A} Alodato A 0.21 mg/LE Ul ou, & 0.5 mg/L
9] Zo]= 0.35 mg/LE, 2& 1.0 mg/L 3¢ o=
0,38 mg/LE QEaAo] Z718tgal, BAC 24 Foe ot
Al 2tk L 2FUA%EE 0,59 1.0 mg/LE S7HA

t
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Fig. 4. Variations of AOX and AOXFP average concentrations in water treatment processes. (error bar: standard deviation, n=>5).
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O] AOX+= 7.1 ug/L, 8 - FA 374 Foll= 4.1 ug/L7HA
Aaste] 42.3% AAEoH, e&As) - SRS 3
o= 0.5 pg/LE 92.8% Fastyct A L
Tgol| A A= AOXY] sE2A AEAY d4 F
215.3 ug/LE HZE o] AOX 7.1 pg/L X} oF 30uH A5t
+ Ae® et §4 - A 34 ol 162.0 pg/LE

Table 2. Variation of AOX/DOC in water treatment processes (unit : #g Cl/mg C)

pastglon Atojn e E:AS SAdREE FAHCRE 7
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3.4. DOC2 AOXFPLte| 2tA|

Haahel B AmT oA A E= AOX 9 AOXFP=
Y FETIE T EAF S ASH Hug 7t
=8 DOCee] AHAAE 2AFHIT Table 29 AOX/
DOC (ug Cl/mg O¥]= =273}t d §7]&9] J=E e}
Wi 9lew AOXFP/DOC (ug Cl/mg C)= @154 DOC
T A 7Hss AOXS] ¥ usta ik = | H
719 "7} BAC 378 A 257} 0.5524 94421 1.82 (ug
Cl/mg O] W7 F2A317} & et Soleh A2 771
&9 &a3} 745l AOXFP/DOC Hl= A4A27t &
ol whet ko] F7hske] SATSA 3ol = 108.1 g
Cl/mg Coll o=t} FA 2] 3704 DOCY| &= #a
o} 37 AOXE = #Hate FAlo dojuf AOX/DOC Hl&©|
aEaL glov DOCe] Hlsto] AOXFPO] ZHawhe At
A0 72 vrobx] AOXFP/DOCY] H]&o] F7}e|o] 2k DOC
T AOX AHAEE B S7kske Ao s Ueth tE
HAFAEL TOCE AOX Q] A/dH]-&°] humic acid®] 3%
o= 230~288 ug Cl/mg CE Hu3sl1 glon, fulvic

d

(average+tstandard deviation, n=5)

ltems AOX/DOC AOXFP/DOC AOXFP/ADOC

Raw water 1.82+0.43 55.05%£10.9 86.29+14.8
Coagulation/Sedimentation 1.63%£0.50 64.31+6.87 90.00+10.7
Sand filtration 1.64+0.48 63.53+10.7 88.02+11.0
Ozonation 1.57+0.39 87.74+10.3 115.50%£15.2
Activated carbon 0.55+0.29 108.05+14.8 159.59+17.6
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o acido A& 136~232 pg Cl/mg C2 B3I JYA|TH 19

A7 AT A= DOCE AOXS] AAH|E&o] BN We 4
ol Aoz eyttt ADOCY| kol w2 AOXFP A4
HIEE 86.3~159.6 ug Cl/mg CEA Thah ¥ =502 1}
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3% DOC (r2=0.99), ADOC (r2=0.97), BDOC (r2=0.98),
nABDOC (r2=0.88), AnBDOC (r2=0.98)% =9} AA4
r2gko] 0.88 oJ4] 2 AFAS Yepich a2 24 B3
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Fig. 5. Correlation between AOXFP and DOCs concentration

in water treatment processes. Equation : nABDOC 3t DOCY s=EE7l AOXFPY A& 9 v|A+=
vs. AOXFP(y=119.83x+107.44, r2=0.88), AnBDOC .
vs. AOXFP (y=78.16x+76.55, =0.98), BDOC vs. @ok7] flote] Fig. 624 70 AOXeH AOXFPS] 5= Wg}
AOXFP(y=87.94x+66.83, r2=0.98), ADOC vs. 1 ADOC. BDOC, AnBDOC. nABDOC?] =& H3leke:
AOXFP(y=59.47x+59.05, r2=0.97), DOC vs. ’ ’ o _ )
AOXFP(y=37.45x+67.33, r2=0.99). et gle, AOXeH AOXFP= 7t #3] DOC 5= 9] Wstef
ko] AFA S, 12 gho] oF 0.63 oAk o2 YERgTE AOXFP
sERslEF nABDOC, BDOC, ADOCSR] 7]&7] ol
o 27} 58.9, 58.0, 53124 BhAIZ SARE A ko
g ¥, AnBDOCE 69.9% ¥ A& Uenz d=is)
5:_ 4 dFst=t a8 xR ol8d Ho=R AHHT}
. . AOXSF AnBDOC 9] Hategate] 71471 4,622 4 4
q = & Ana s
* AAREDOC fAHoR =2 Ao UeyTh AOXFPY SE& AR %
T
- ABDOC o EASHE BEI} Aol WS B Sl wes
_'| . .
4 23 D ne 5 FaHdol A =4 ol AL & A= £
s e # DOC Fol4 ADOC Bej= Tiieh, wheba F2447)
Fig. 6. Correlation between AOXFP and DOC concentration 27 E29 AOX Y AOXFPY =& ¥Hal= AnBDOC2}+
in water treatment processes. Equation : nABDOC . - — B
vs. AOXFP(y=58.93x+16.48, r2=0.86), AnBDOC 2o B4 f718o] 23 Ml | Zoz waEd
vs. AOXFP(y=69.95x+4.15, r2=0.70), BDOC vs. ol&st Amt AL AT M E AR 2o By
AOXFP(y=58.01x+9.96, r2=0.99), ADOC vs. 2% Db B Aol fAkw 5 -
AOXFP(y=53.07x+3.92, r2=0.67). &3l Qi
| 4.2 2
D
= . D A=A 942 DOCES 443 TDOC 3.91
Z ; « AnARDOE mg/L SollA &&3 £l DOC7F 2+t 2.50, 1.74
My mg/LEA, 2 342 7P B DOCE AASH:
. o ABDCX Aoz Yyelgoer, AAEA &= nAnBDOC 0.47
00 03 05 ne mg/L= Q&AL 340] 8EE AR A §
i e A AA 374 Folw S4B S244 DOCE wol 3
Fig. 7. Correlation between AOX and DOC concentration in o3l Aoz et}
water treatment processes. Equation : nABDOC vs. =
AOX(y=3.25x+0.98, r2=0.63), AnBDOC vs. 2) LA Fo] A AR 3R AARA U=
AOX(y=4.62x+0.03, r2=0.74), BDOC vs. = =]
AOX(y=3.53x+0.51, r2=0.89), ADOC vs. nAnBDOCE 0.2 mg/L2 49.5% |73k,
AOX(y=3.79x-0.12, r2=0.84). nANBDOCY] 7ol ©&AVS TAo| 714 aapdon
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