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o

2 (biodegradable organic matter : BOM)©| 318 45 -+
ol A el wAE, ¥ 55 E(macroinvertebrate) 52 54
S op7Ete] UM 23 8S {FLITh (Geldreich, 1996;
Levy et al, 1986, LeChevallier et al, 1987, LeChevallier et al,
1991; Huck, 1990, Van der Kooij et al., 1982). o|# 3 BOMELS £
S9F HH M M2 Axd 2de Adste °.28F <Y

A9 A AFACES olFA @AW TEHLY WH o=
Bl AERS FAs AEHom A HH, e
B S AAZIH, Bl R4S A= 5 U 32
o}zl @clo=m Zgskal vt (Videla, 1996). &4, ol5S FFAL
A 2ol A A H 1= AAR, FESt AAFALS AERLHE
o3k A%l e f1FS FHAIZIL 53], AFskg o] A% frElda
= ¥ Hdolu i ARl F2SE Al et A5 ATt
w$o Ao A dvkholydt FdA, 7 FFAL TR
M= Al SAS A, B3 AESH R A E S5 T
o] Fa3tthe 140 FopA 1 Yt

Wy
rl
o
2
o

g
A xgely, Aoz FY=dY 75%7F A&
Eq -

24 StEE e 2
stR o2 Faf 7test fUIERE FAE AEH oz Faf 7hs
3 2259 30%7F 100,000 Dalton EHt} & Ex#HS 7AG

(Kaplan and Bott, 1983; Amon and Benner, 1996; Volk et al,
1997). 221 HAZolE BOM 2 AERAE3 o] ATER 27



o a3t e AT A" We AEEsiegd vl Ta4d3
HAo]l 7t = HAolth (Rittmann et al, 2002; Chaiket et

al.,, 2002; Okabe et al.,, 2002; Liu et al., 2001). AF7}4] T =
dE AFsd T AEss Fd 23e %wE -2 A=
’d &k (biological activated carbon : BAC) HE|Fd LEAHYE =
A 2E - AEEAAY AYFAel dor o5 #3 dIdEH

7F = - 9] Bo] B gt} (Hozalski et al, 1995; Malley et
al., 1993; Glaze and Wallace, 1984; Maloney et al., 1985; Speitel et
al., 1989).

FFoll EAste H71% F BOML AOC(assimilable organic
carbon) ¢} BDOC(biodegradable dissolved organic carbon)= =4
T Ao (Huck, 1990; Van der Koojj et al., 1982). AOCx= HHH| g o}
o] A FAAdS SHstE ZAolH (Huck, 1990), BDOC= A<
AT AAHem AEHo = s d = e frIEgsEs

et= A (Huck, 1990) 2.2 2FoA = drtHo 2 &5
NE A$ AOC %7} 10~20 pg acetate-C/L )3},
BDOC?| 7%l 200 pg/L ©lstd -5 A=stH oz bAsiral

Ao (Easton, 1993), &53F o] F7t== 4% 50~100
ug acetate-C/L olstolA-AE Aoz obgslttyr B sty glo
(LeChevallier et al., 1992; LeChevallier et al., 1993), g3 7dl A
LEoY daAgd o8 AOC F7hst 22 FRFT
BOM| 9134l 944d B A7Z234% HuHo] vt (Huck et
al.,, 1991).
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=
et B Ao es HEd sRAGe] MgodA HeHes o
o] A% BOM grds ZARsIoH, =3 v d4s ARSS)
1EHFFFgez FAAHZ  pilot-plante]  F4FGE
RDOC(refractory dissolved organic carbon), BDOC ¥ AOC F%
st= H7lstden, BOMY AEs HE7] #AF & 3¥E(apparent
molecular weight distribution : AMWD)® % %142 (hydrophilic)/
254 (hydrophobic) &d=® E7F3tdq FAbskth. T3, A A
34T 2719 42 e(granular activated carbon : GAC) ©
X BAC SAZ H&=H<= A5 BOM| tigh AlAs 2 A=
&2 s Wslx 37 ZAbs

2 9



o. &3

r2
-1

21. AEH/71E BA=SH E3l=

HZ 5ol A Foll EAG= AAF7I=ZNOM)9 AEf =
(biodegradability)oll thsle] #4lo] F7HHa Atk 52 NOM2
ARz wel F 7HAZ YRy F, uAdE SlolA oY
Aot gagog AgEe AR 7Hsd #7]& E (biodegradable
organic matter, BOM)#} AJE3l| =] 7] ojg i ute|glole] A3
PSS v A A &+ 7= A (refractory organic matter, ROM)©] .

A4 ol £ggHol AT BOMS A5#% uoA] yddoly
dhg glo}, F-#F FE(macroinvertebrate) 52 F4S oF7|ste W
Al, A% g9 EF 2 (biocorrosion) ¢ A ZFA] TAE fFESH
o} (Geldreich, 1996). °o]&d BOME F&5% < Hhe|gotrt M2 &
Az 25 Adsks o 3o 283 duA|e dideg Ay

Ak @A) F59F ootz B U
J el

= 1 = [e e 7 b JIERTG = Xﬂf)‘ }\]
713, & RAS &SI E 5 B FAds ade=w 84
T} (Videla, 1996).- @A, T4 94 HHegole A/ AL A 2
A gAE s AR ke & +

o et AFS A7 53] qstEo] A3 wediet A
T #e Yoy zF JAG FFS Aol tig A5EHT}
o Aow d#HA Jut (Berchielli et al., 2002). whahA, e 27
Fa FL oA AT FHE i, AETHeE Mg SR
ol Ta3HE o] FobAaL Utk

flo
ME

52 49A Jdoy, ROM-E humic substance®} & E3HEAtE}H
FAED Aok sHAF, 2R AFd A= o]k 2 Sis

o] 873 At (Amon and Benner, 1996; Volk et al, 1997).



BOME A&EA =53 L&A =55 2o Fwsta
T3, H2Yo AEA sESS AXNYALE 98] ulE AL
A % 7] WEolth Volk et al. (1997)2] AFolH= FH
27%7F A& 2(biofilm)s FAJsk= HtEl ool ojsl & af &
HoFuoh =9, BuAes FHEde 75%7F BDOCE
231, BDOC®] 30% H=7} 100,000 Da Rt} & A==
T4 = o 9/\‘457— sttt FFo EAde FrIES &/t UE
W Fig. 2113 2t} Fig. 211914 AOC(assimilable organic
carbon)?} BDOC(biodegradable dissolved organic carbon)® -3 ¥
< & & Yo (Van der Kooij et al., 1982; Kemmy et al., 1989;
Huck, 1990; Ribas et al, 1991). 18]3l, NOM¥ o] BOM <A
&3 e SgAE S48 W B AL wy
oJgil, ol ZA3I7] #lAE bioassay M= o838t ZH 0]

7b53kt} (Amy, 1993).

~

lo

~

fr Hd oo ¥ N
i
o 92 =
X,

Y
mlo

-
o,
i
2

Mutrients =biodegradable
organic: matter

Dissolved organic Carbon{DOC)-mgA

Easily assimilable organic

Easilyand slowly carbon{A0C) - pgd_

biodegradable
compounds - ngA
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AOC<= Pseudomonas fluorescens P173} Spirillum NOX %2 &5
e golE o]&dte] AEF T HIAZ F EteEgoty] AFE
F2Y <7, ATP(adenosinetriphos phate) ¥ ©% &2 343t Hj
P71 T HU A (Nma) S acetatel} oxalate &2 EF
718 =LY =52 FE AAFE calibration curveol| ]3| HhE 2
olo] AAES ©]&3ted AOC T =& kst F#goh (Van der
Kooij and Hijnen, 1984; Kemmy et al.,, 1989).

T3, BDOCE A5l dF Fo SAsts F#4 HrEgohdt
ehE A o] FREoO] e FEF uhe Eole} e A
EAste WEH o2 FAHN HIFES o8t HAEHF ¥, A
F3t7] Ao 7] DOCS wjF71zE & SAH = A DOCSH]
Aol2 F& 4 AT (Servais et al., 1987, Mogren et al., 1990;
Frias et al.,, 1992; Kaplan et al., 1996).

Al A AOQSH BDOCE i - F ool A $54% e

glot=9] Ao AARIAR A-&ghrh wetx, AOCS BDOCY] =
4L % F8sthar & 4 Stk (Bourbigot et al., 1984). BDOCE
TEGG el gotel oS F7IsEE DOCY 3 FRozA A
Ae] FZ Q] ABETHOR st od £UE AVRHEAE U
gll= Aotk (Huck, 1990). Z2la, AOCE BDOC FolA A =%
(biomass) 0.2 A E = I FHES U= Ao =Z HhE ol A
A digk FARES SHs= 30]7] W AOC® BDOCE &
B2o= Ao|7k dvtal & & U™ (Huck, 1990).

A ME A5FH flo] AE &5 ts AOC =7 1
0~20 ug acetate-C/L ©]3}, BDOCS] A%+ 200 ug/L ©]std 7
ol doj HEFHo R HHetkal o7]ar Ut (Easton, 1993).
, aEggo] B7tE 7o glo] 50~100 pg acetate-C/L ©]

=



o] Z7te} & FEFF FE BOMS @4 g A448S
AFe Be A74dxE th (Huck et al, 1990). ©&tA BOMS
ST ZA FFadolAe uAE Al gk Frret mAdE
o g ¥ F&FE AET] A% AFAY T HUt
8% ARE &8 F Aot (Prévost et al., 1992).

BDOC= 4Fs)& 2 8 (degradation kinetic)oll ¢J& 3 7}A|(S, Hy,
Hy) & Fig. 2129} Fig. 2139149} Zo] &7 F 4 v (Langlais
et al, 1991). S AOCS®} 22 uhgglolol| ]3] niz F3lxojd
F = @A 71E(monomeric substrate)ES UEFH Aolil, H
< ute| 2o} A9 B A(exoenzyme)E ol SE-W2A THeEsE 5
A= T 71EE (polymeric organic matter)s WEFH Ao|H, H,
= =84 ZkeEREe frlEdEs e Zojnk

FZol= BDOCE UY& Al&3tA1A WEA AR ses Fi7 =
A AEsEE REoF EFE A aldehydest 7o f7] Q&R
AHE, BDOC ¥ 94 &F5FAE MG A A &74F A5
TP AEISHHBAOT 22 AEAY FFS o] &3H, 77

i
i)
N
A
olf
o
B
)

stz st HAHOZ o] 8-3lal 9lE (Carlson

and Amy, 2001; Liu.et al., 2001; Rittmann et al., 2002).
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Bacteria bound irreversibly to the GAC, B, = Bacteria bound reversibly to the GAC,
Bs = Fee bacteria, Death = Loss of bacteria through decay and predation, ads/des =
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Fig. 21.3 Conceptual model for the utilization of
BDOC in a GAC contactor.

AEAT] FRLE HHo xHhoR AASAY SAstaA & o,
F%9 DOCSk 22 7152 AAe =X s A==
BDOCe] ©]3] Algt= Xt} (Carlson and Amy, 1995). =, W27
A& == BDOCO tisiAe AEodd FgoA HAZ AA=
4 4 ' BDOC, 1¥a =gA AEs=E= BDOCO| tiajrx<=
el FAAA AAHA Fa v - FFALOE FEE /M54
o] )& BDOCZE #H7}¥ojZt} (Carlson et al., 1996). 1822 2
E/AEAY ZH HAH3 20 NOM AASS HU=E Eold
A QE FAMECY #ReE fEFE 754l = BOMS Hul=
Zole Aolth. a¥a, AEAFH FAHAA AAHAAD F Ue
BOM< Ht2 AAZA7AL, W - §78%e2 52 + I BOM
S HAE AAAIIE Aotk AR AR Aol 2E/A

an

-9 -



do

7}l Qo] DOCS BDOC #&

3

D

o o
gl 2w ol Fol Atk ojsh @

[e]
=

od

2:5-1_

5

]

AlEstd B+

KR
L

1

Z o
S|

&

AT7F =] 231 ATt (Allgeier et al, 1996; Carlson and

Amy, 1997).

_10_



22 LEAHE FA

WU E

o

o

2&9

i

o
o

ol

J=lo] OH 2ht) 2z}

)

A A7)

o}
3

toh webd f71E 2Ee] Whg-S Fig 2213

9
A

/Ké S

(¢}

=
=

AFEHA

il

0
A

B

0

=
o

i)

AN

PRODLCTS
R

a

4

FRODUCTS

HoOY

>
.\'\.

B

FAST, NON-SELECTIVE

RADICAL OXIDATION

RADICAL COMSUMPTION oy

* OH

SLOW, SELECTIVE

cos™
HoO™

DIRECT OXIDATION OF SUBSTRATE

Fig. 2.2.1 Reactivity of ozone in aqueous solution.

- _______4_____

i RADICAL FORMATION

1
"

ol

i

fne
)
L

X

ol

0

-11 -

7k 2 Qoju e AAFelAN o

<]

A F-Em, 2E9 AR
o] dth (Masschelein, 1982).



=™ olm HAdH A7 22 (free radical)

)

A7)

A Z A

A

Hm, |71 239

LEo ojshel ZA B

o
T

A

=
T

7=

23k 2spA 7} H o

o] dojdt} Hoigné et al

1215 pH 110]8t7 B

)

(1987)2 ¢HAl pH %ts OH gttjZo]

Y4 OH

btk OH #ojgre ozEAe ul

J]

£l

B2 g

=

1 10°

)

Atel <

2]

3}

Bz A9

ol

1

3, olw) #7127 A48 Af Fride Ao 9

o
ol

]

U H) 3] = (aldehyde) o BEH7 B2 e s = Aotk

S
T

wir

NOM# o} e

KR
L

= humic =23

A3

Tl &

% O
REZ

i
M
T
o
ol
ol
HH

< AAA71H, Fig. 2.2.20] YeRd nie} Zo] o]

=
=

carboxyl 12

L
R

i

=
=

A}

H
Rue

= NOM

e
o

o

,mo

o] A]

Sk O
S

%

TAEEAEY 3 (fragmentation)Z o]0 FIT}. o 7]

-12 -



FUFH NOM EAF 27171 e, E9

=
=

AN

Dl

—_—

0

AN

, ol AR

;[6‘_
gas T A

)

R

15

L

3
3k

H}

— =
-

al

g

%

o ARAS}
40

d=9] 20~
= 7]_;1(1

=

=

1A ol
=
2871

T% humic

=l

phenolic

ol

o
g

o|J

=2

C

&+ non-humi

A
A Sl

=
T

0.8

0.7

0.6
Specific Ozone Dose, in moles-O3/mole-C

0.5

0.4

0.3

ﬁﬁ%w
I T 7 UV Absorbance” T T 77T

0.2

0.1

0.0

2.0
1.8 - 1--- i 12
1\ g -

1.6

0.0
Fig. 2.2.2 Effect of ozone on various NOM characteristics.

oj

AN

A27F =

s
o

1,

o
wjr

ol

_13_



FHEAES ko] vy uwjio] 2

non-humic & 50| A g}

iy
ko
-
ot
o
£
e
M
filo

223 LEAF A HIRVIEZY YR T W

LEAG Y&l FF HAFTI=E FAA AEENIE o8&
fr71& A (refractory organic matter: ROM)©| A&7} 715
7]%& 4 (biodegradable organic matter: BOM)Z X $el+= He AL
o] AFAEdd o RuHEAY (Van der Kooij et al, 1982;
Werner and Hambsch, 1986; Servais et al., 1987). &&= gl 93|

<9 AAF71EZ 2 hydroxyl, catbonyl®} carboxyl 1H5E9] 3
7}, =73 (polarity) @ %<7/ (hydrophilicity) <7}l w& &gl o
St &35 (adsorbability) o] 74, ©4 2% A F ek
F71E2e A4, nE2F f7le 2] AEA 2220 A T 3
o} (Lienhard and Sontheimer, 1979; Amy et al, 1988; Glaze and
Weinberg, 1993; Owen et al., 1995).

L&A M ZATES] BOMe| A H= Ae=w Uege
M, LAY s4e AU B2 AFFAM A E BOMOl o8|
v - Fearde A JBpE g okl ARG BA ZHSAHol w2 ALe=E
etttk 53], LA T STl AEAR Tl e AF
o< Helgjote] ATl dAS] S7teke Aeg oy AT
A BAEJY (Van der Kooij et al, 1989; Price, 1994;
LeChevallier et al., 1996).

eEA ] 9% HAFTIE—RY] AEN T 7= ALEA 771
lo] A& F71EdE AgHo] Yeues 23z A4 3

mlo
N
N
(X

=4
EEL 1EA SREES 2o G4 nAEEY AEEs FAE,
A ES9 AWl A AXI AL &4 (metabolic enzyme)dll &3l 5] A
i3l P T (Leisinger et al., 1981). 3, dwrA oz Il o3l
WAL 71AE 84 23 A3 2 WEAd S 77§78 AT



and DiGiano, 1990). 123 QZEx o] <& AAE BOM Z$

gz A AAHS oE:Ae olde] FFEoF WolAm

e g2 ¥siy yEdh

HA 9N Fo oF RAERE Jl22AAR, dHdlol=F
2 Gz /AELATFEC Ao (Andrews and Huck, 1994: Najm and
Krasner, 1995), °]=<+BOM¥ Z12 &d¥o] )om, biofilterol A
75% o4 EF AAES HAt A AFAS 95 Hig
A (Krasner et al., 1993: Wang and Summers, 1996).

Table 2.1S 9 EA]go] ol #FAHE= AOCS BDOCY ==
AdEE e Zlojt @lFe mek Zpol= Ho| ARk @ EX o
ol&] AOCE="692=900% = BDOCY 152~175% Hu} €53 B2
LS Holg oz Yy, Adth =%, & TP
BDOC A &S Yeld Table 22014 & Fds=r}

& BDOCSY AA&°] ®olx A DOC = ZFolx4<9 BDOC7}

¢}
A8k BlEo] FrhetAL e AS & A
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Table 21 The effect of ozonation on biodegradability in
several drinking water treatment plants (Langlais
et al, 1991).

Biodegradability

Percent
Method Treatment plant Before After )

increase

ozonation ozonation
(mg/L)  (mg/L)

AOC Kralingen(Netherlands) 0.025 0.173 692
AOC Weesperkarspel (Netherlands) 0.012 0.108 900
BDOC  Choisy-le-Roi(France) 041 0.71 173
BDOC Neuilly-sur-Marne(France) 0.32 0.56 175
BDOC | Choisy-le-Roi(France) 0.46 0.70 152

Table 2.2 Effect of ozone dose on BDOC and bacterial growth
kinetics (Werner and Hambsch, 1986)

Ozone dose BDOC/DOC [lmax K
(mgOs/ mgDOC) (™) (mg/L)
0 0.10 0.20 4.2
0.5 0.25 0.38 6.2
1.0 0.32 0.61 7.7
1.5 0.37 0.61 5.5

t . Apparent K, because this is not a single organic electron dornor,
but rather a mixture of many organic compounds.
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$%9 DOC TEZE 0.05~05 mg/LE Foz7 HEA7t ¢t
S FAs7)0E old BASY FAELI YR =iy v
o]y o+ (McGuire et al., 1989).

Sx9} BAge Sast BAG AR,

=]
Ha g, AReE 1% Belagel Au et

Holt. &
AZSE BA o3 AAD ALWLERY AAREL 2Y}]

£ oegol glew, DOC/H FX AT Ealol g5 AAH
£ oled WAL Fig 231004 & 5 Ak 9PBYR 27U
NAE FHel A% /A% AA BRToAn, JBPT &
S FAFol AuE FIE FA I /718 AARGE YEY
A 27t A A HAZol

Biodegradable
Fraction, or Slowly
Adsorbing Fraction

Fraction Remaining, in TOC/TOC,

=+ Nonadsorbable Fraction, or Fraction That Adsorbs
Too Slowly to be Removed in the Available EBCT

0 5,000 10,000 15,000 20,000 25,000 30,000
Bed Volumes Fed

Fig. 23.1 Theoratical breakthrough curve for TOC
removal by granular activated carbon.
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Ao BB AA ol YFBATL B A 7
4 Aurnel e RPHE Tae Qo 4
4 A dEse g, o] 42 o g3

o] A2 A¥s T8 2 HAUIAA e AFAFHAARE
HE(x)E AHEE bed volumed] FolW FHH

o)
* 5
(C/C)E AATLS onjgicy, B4 270, A5d4 e e o)
o
3
=

&
=49 AY £l X (bed volumeo] #E =), A+
g A 09 =&k o] X Fol A o]&H bed volume2]
7holl tig AARES LASH (a + oo 2ok HES £&2 1

+ & Aol7k v W be AT 7 FHE 245

232 T &A F A7t (Empty Bed Contact Time, EBCT)
PFEAE FHE A oA T Fadt A= E3
EBCTE} £33t HE=AlZko|t). Atz o2 EBCT 2 2-2 & 2

EBCT = £ (2-2)
Q
L L
Lpea _ Bed .3
EBCT QIA approach velocity (2-3)

AN, V= H=
#%, L = 9% o), A = o3 @GRl
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233 JETAHE TA

A dolX dEoAHR FHe AEHe 4
&9 gz Qe Aol Frhstal e FAHoltH(Huck et al,
2000). B=AH FHL 79 §EFIIEH TEE TaAA 94
Aol o7 ASFAEel AT QLo THS El
FHHA e rBE A3 E A S (bacterial regrowth potential)¥}
F2 A& (corrosion potential)S  HAaA | A
(Rittmann’ and Huck, 1989). T3, o|H¥]| {52, A4 Av)F
o2 JFs F= vFT7IEEEY Ao e 5H7F A &Y
A 9lth (Elhadi et al, 2003). Hedle #WHl BANA bio
foulingS &°lv HHL = dBFQl I/ A
Ha ok oMY A=k A B A
ool AZsHA g g A7 Iy Ho Ry St

BERH o FAD S AR ABGH TR A8

&7 Abel dojA AESA EXFLS fFdste E

stz o7 Ba)7lsd #7152 ((BOM), NH,', Fe*', Mn®, NOy,
E44 5ol Jd (Rittmann and Huck, 1989). ¥ &3 F
biofilm FE|Z  AA(media)el FFEH Ae  FHEIEA

(heterotrophic) ¥tE|2]ol= BOM= AFSIAIA B4 iAoz o]
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&3t wEk AOC % BDOCS #2 A= f83 BOM

¢

surrogate® #8758, ol52 FTEHIEE dtElgote 4 Al
sIztZ A-835H7]|= gtk (Huck, 1990). ©] g o] f2 HITd=
ol &S I BAel FFHL AH old =ZEEE= FHE
4, opxgbR, SF3ER H E 4aEFAMEl loen, ofd
BOM2 A& FAANA EJ3 AAZIFE Foted AAHANH

(Booth et al., 1995).

Aol olgH= AEAD T

< Fig. 23.20] YAt FFol E£3€ BOM,
ENJAE, 5 4a 2 8F GBS AEAYRR Jr=
HEo] AF& et AHA SRR E2gdT. FYF Tl T
ahe ol oA A B2 2
oA EWel] F4=1, BOMS o35S ua A
BOM¥} -2 7189 A&slet mAd=2e 4742 bulk liquidolA <&
ojdth R RE HAE AAF] ZEle PAEY =3k(decay)
2 Qg @AY Asl T/ S5 AT (shear force) B GAH
oA LA EHH, JAHAL AAZRE GEHo U2 HAES o
Mot A AEALE oz fEH

M do o

K
>
x
=

-21 -



BACTERIUM

-ﬁ FILTER MEDIA GRAIN
! BIOFILM

BIOLOGICAL PROCESSES
ATTACH E T
DETACH
glOéJEGRADA'ﬂON

DECAY

BACTERIUM

SUBSTRATE
CONC.

CO, + BACTERIA FILTER MEDIA

GRAIN

BIOFILM HE}%ID

LAYER

Fig. 2.3.2 Schematic_diagram_illustrating the processes

occuring in a drinking water biofilter.
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anthracite/ 221 & 523+ combined A& #2042l BOM A AL
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S

e

Aol &4Ho] Athe AS 9wt wepx, AEAY &
Aglsl7] feiAe FY ESY patterno] ¥HEEE #H2 7]
Z}+ 3

o7z AsS & B Hrls|or st

0

J ,?Y~.~-7 _Combined
S~ . filter effluent
< P /
- . 4
rd
~
BOM . s g
Removal Turbidity
% Summer (NTU)
Winter
"\ Perturbation
5 Different
Backwash
Turbidity o N
Time (months)

Fig. 2.3.3 Representation of biological filtration.

oA A AEstE A tHal wHM WS WA=
o= BN AR A7 JAHUH AR YD D=0 =
slow sand filtration, bank-filtration, ground passage o= WZo=E
A ATFEHAH, TEdME &Y AR A=A BAC
o7zl sl ?3?7} = At

~"

and Hubele (1987)°] ¢jaf < d&t 014%'— Ao A AEEH
e TS 7122 TAH stk O F 4" ZEd] mAdE

e BHRY FASL F/HIAGE S BAG FE
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235 AEATH FAHAA oAl (media)] FF

AEAT FHAA A (media)d] 82> 28 AHlek 23
dol 7] wEol wif T8 skolth AEAH FAHAA GAC
&} o] 7HAe] mrtolHA F&5o] e o Al(adsorptive media)
¢} anthracitet} E e ¢} 2 7142 Bl A A 7to|HA F25o] §l

© A Al(non-adsorptive media)E A}F-83}e3 BOM #| Ao gk A3

Hol| e 500 A o] AdiAlETS HAEY A £ &4
< AFsHAN, GACY wmAAFAd A= HH Eolso] A A3}
= Ao g YetEd. o= "tH et =4 =717F 200 nm ©]
2 vt GACS HAAlES Z7]= 1~100 nm FE A B
glglotso] GACS AlgW= So7F AT 71 §l7] w&Eelt.
ol GACS| 735 dtelgjote] F2pel o] &2 4 e A
(specific | surface area)S HlASIAS BF, E#e FEZA] GAC
Hoh 27 g &Eo] GAC Bus Zgol A v gole] H & o o] &=
F = BHEEAe] g =4 yEepdth AR GACS] AuiAls
FH e dtelgele] MAel A3 84S AT, 9
Aol F&F7kel  wet S7FE AT (shear stress) S = H-H
i

Hhel| ool =S AT JAH A Al

e

AF T 4-8% B2 dHA doy, & HA9} Bluste] GAC

A= PAEY] AT EHE0] A &7 W EL4E AAF

e
o,
au
2
>
Jo
A

129 AAAN AEEA Rasr 2H Fhe 3
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of g F&eS GAAAR HAE] ¢
of AESH El= AAAT. Sdetd =
2 A= vIMEFTOZE  Pseudomonas, Alcaligenes, Bacillus,
Acinetobactor, Aeromonas, Chromobacterium<s S°] I+ ASZ HI
53 A (Stewart et al., 1990; ¥} 5, 2001).

AT AETA A A (bioregeneration)S Pl =9 G dEo] 2
F71Edo] £3H e FoE AUt

Here] AAFel tRE 2, o Av)

[e]
e AF 47

>{E

sHEYE e &

AFol A B4 it o] E4AEL 20 A o5t AN =
HA FaEel FFE 71d gl A {UIEES ElEA
e F2EE AATIE IS Foh B, AdATA F
2te v Eo]l 5 EAste fUlse BMFLEAN FFTY
71 s== 249 WFe 77lE §E Ey WolxA "o wet
A v AAE F2Ee] Ad Fr7IE2 B2E nAEd o &
a7 ol FolXtt. olgt B2 FAFL EHY & WAS AHEE A
2% AgeAes £ F fle 4EEAE 34| 7w =53
Sl

LeChevallier et.al. (1992)2 =7 3G AAZ BAC/E T
9} anthracite/ 2 2}= ARgSfo] EBCT 75%, £ 35T, AYF<
AOC &%= 780 pg/Le] ZZojal ofajel Ztolo] wE& AOCE A7
£S5 ZAeFY Y anthracite/ 22l e] A HiT A AL 75%,
BAC/E & AF+ 86%=E YEIY} BOME A|A= BACYI H5

o2 B3t Coffey et al. (1995)2 15U ¢ S
TS TEEAS A5l AL Zolrt wA =] &
P AFEAY. o] AF, FHS AAEAS Al
anthracite/ 28] 2t BAC/EHE AAZ A& AEAF} FA
A BOM AAg diaf wE 3)&5&S YehAta BEist
T3l Maloney et al. (1984) anthracite/ =2 ¢} GAC/EHE Al

toy
1=
d

of
o
(o3

=)

W

- 27 -



2 AREstd TOC AAES B7her AHel #FE49 TOC w%7}
2ol g Hole AL AEA &7t ofd GACY F&50] 718}
of et d3= Hrlsiido

Krasner et al. (1993) anthracite/ 22 ¢} GAC/EHE FZIg
pilot plant§ AEo3%} AYE o] &3] =32 22 aldehyde Al
AE ATstAh o] A7, GAC/EHE AAZE A8 biofilterol A
aldehyde A|7&°] =4 Uetgten, dAHR] IFadae] FAdolu
biofilter +3 JTEAo] WAo] anthracite/ L E A= AFESH
biofilter .o} 74gt ACS 2 Uetyth ES aldehydef FTolA % H]
wF AEdAso] w2 glyoxal®d] AANME GAC/EHE A=
AHE-gE A7) anthracite/ 22 BT} glyoxal?] A A fEg Ao
2 ZAE AT K8 Prévost et al. (1995)2 anthracite/ X2 9F &2t
ol &3E GAC/ R AEdF ZES o] &3 HAPoX F&0]
10CY @ formaldehyde®] AA&S Blalst 23}, anthracite/ X 2
AEA) A AALC] 50% F=EZ YEIG vhd, GAC/ 2 A
B3 AoM= 80% oS AAES HEo] Zgdes A=
LSS A7 & Wt gk Hade] o FE RS BHoFA

23.6 A EAH FA A FHE Al (contact time)d] FTF

BOM AAE 3 A=da 38 HEAZH] Fad dis)
Ne B2 d7297F RasEAdoh (Huck et al, 1994). HFA|7H
€3] EBCTZ %35, EBCTE +37 A9 Fad 4= 248

Zhang and Huck (1996)= HFZAIMS S7MXETSF AEAH &
FollA AOCS AAES FI AT sttt =3,

A7t =8]8 RSh(hydraulic loading)+ F°1% EBCTe]
st o2 BOME AlAs7] 913 +23 A%, BOM A
g3t Rslole EZyHolgtal RAsH T (Sontheimer and

x
o
]
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Hubele, 1987; Carlson and Amy, 1995, Wang and Summers, 1996).
LeChevallier et al. (1992)2 0.5~1.0 mgOs;/mgTOCE T HUFTE
A48 = GAC /R AT A TOCS AOC A AES EBCTY
gz Hrlsldg o714 o] TOC AAEELS EBCT 58904
29%, 102X = 33%, 20X 51% =2 S7tetlem, =3 ¢
3 EBCT 9 olA AOC AAEZEE 3713 Aoz W3 ch
Sontheimer and Hubele (1987)2 "4 E&E &4 GAC A3 Aol A
AFAIZO] 5~208 0.2 ZF71ge] wEl DOC A AELEC] 27~41 %
2 Z7t AR BHASIATE Merlet et al. (1991)2 LEAHE A
T AETH &4 GAC AF#FTAHAA EBCTE 25E7HA F7HA
W BDOC A A&E] 7ttt dAsA FAHE A=
9 ditd oz AOCE A#3 7bes TOC Bt} olF F
AAEE S-S Hol=H, Prévost et al. (1992)2 A E5+7
BEHOE AOCE 62~RNU%ZHA A AsI=H 289 HEA
3l BDOCE 90% Al Asl=dHl+= 10~20%2] EBCT7} &
B339t LeChevallier et al. (1992)9] A7-ZA ol X +=
oCY AAZ Jsi= 15~20% 2] EBCT/F B3 AOC
ol XE o] A= EBCT B9+ Ui At ®Husgt

Y

)
o

X

fo & net tp
Mt O ox O kI
o
:Lrﬂﬂ_
oyt
M

ofy
A
rok
o = H

=

o

2
)
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237 AEAH FAHANA GAH 3 (back washing)e] F3F
A3 AEAH 34 S A A7 Tt AF
A W v AEe] A A #H(biomass)S 2 A3 wEste Aol Fasit)
AEATRA WollH= F2 ndEo] F487]%= ARt AR F
NNEHEE FdH] AF Wl S48 webN, EAFFe ST
2 s JgAHS slokstH, AAIH A FAl(air csour)t 5o
AL wet vAEY G FE gEpA GAHo] AEAH T4
o] HA3}o] mAE JFe Avu Huda At} (Bouwer and
Crowe, 1988; Bablon et al., 1988, Chipps et al., 1995; Prévost et
al., 1995). 3, A H<Fo EAst=s FFAL 5 EIF BOMY
AAEIY v 8= A Zl v X= o] Athal dHA U
ada, d= AeAdHdA Yo EdeFE 7 e d9 F
9] ’5}‘4?1 A v EC] RS BT fsto] e om IFYP
27 EAsE GAIGEE AFESH7|= @ (Urfer et al., 1997).
Ahmad ‘and Amirtharajah (1995)& 234 759 AEARZE
ol-&3st] A=Y FFRF Dol Hal EARSATL 259 ATl
A utglglele] - HPC(heterotrophic  plate count)u  A|3EZ <]
ATP(adenosine triphosphate)E A3t A #AE
(biological particle). X T} 5-7] 9§} (nonbiological particle) &< ©
7F 2 gol doju, FIYAES-AAE A% JAH] HHx
Aoz JgAH S sto= wAE YAHbiofilm)e] B HEstA o
AYA vtk Btk Ahmad et al. (1994)2  collapse
pulsing 722 JAHE sldE AOC AA&Y Hae #FS
T v Raustyt. 18y, Lu and Huck (1993)= AlZ%
EA3t= phospholipid®] =& 743t GA o] AA|Fe| v
+ 9GS AR =H collapse pulsing 2102 A A S
¢ AT AAFY ATt dojgnta Buste] oo A7y
= dolstAl UEFSTE Prévost et al. (1995)2 Aol F4 4

2

AC)

ek
A2 ru°"

o il o

_30_



238 BEAF} FAHAN T2 IF

o2 AEdH} FAHAX BOM AAELELS F0
oA, o]= wAE 5 & (kinetic)Z} EZ A Y (mass transfer)©]
dUHoRE & oA o wE7] wiolh AR A FH
of wel o] PFL ATt} Krasner et al. (1993)3 Coffey et
al. (1995)2 glyoxal A|AolA F&©] 20~25C w7} 10C~13T Y
W 2o Azoldzol d&o] FAdHel R W =dsilorn,
o]H 3t JFS GAC/EH Hu} anthracite/ 2] AF A A
Ebttha Balskgink ol d &2 BDOCS| AAA = FALSHA
Gehton, naze] AAF Bo oo 4Eeln 2R A7
o] MAe FEFol B Ade AFZEAHALE U (Servais et al,
1992a; Miltner et al., 1995; Wang (et al., 1995).

A AFFe TOCS AEsll’d2 Table 2.15¢] UERLE 3o
ARE o8 FFe T Wl oFF theFsiH, EF TOCH =
d Bl ZA=2 FAH Q7] HEA AL = Aol

i
fu

O 2~
= T
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m. 43dAs € ¥4

31. 43X s

311 JIARE ESHE

B A3 AH2HE pilot-plantE 300 m’/ 2 HsHS 7R
pilot-plant?] 37} AE F 3 ALZ 100 m’/ Lo AF5HL 7HA

om, AL AYE A wiAlEte AeE, $F-AHA-FEAH, &
¥, BAC #AHo=2 FAH 3, I NFHI THEE Fig.
3119 YAt &2 1 mg/Le FEE F%, count current
waog 43R, SHAE PSO-M(AA3BLE, AlOs 7%)S AHE:
3t 50 mg/Lel TEE FUSAIL, FLE FYEFET 2 mg/LE
som, QERAAAE OZATY CFS-1A(Ozoniajil, Swiss)S o] &
St th

AEgAAee] @47 Ade A eA|(F-400, Calgon) AT =
A8 AL bed volume 20,000 =YL o AHIAt. Table 3.1
! Table 3.2¢]= pilot-plant®] 7} 3™ 9 BAC &9 x4
S Ueislen, & 437 Sk A A& Table 3.3 e}
W Ak

BAC?] A z7e] w3l Carlson 57 (1995, 1998) BOME] A7
o| 4 EBCT(empty bed contact time)7} 15+ ©|, F&|8t4 Fol&
(hydraulic loading rate)> 10 m/hr HZoA Hdo AAELS Y
Bty B33t Qo] B AFo % BAC +HZHS Carlson
S (1995, 1998)8] A=A FLdsHA st APkt

d

o ¥
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s e® o> = lﬁ

L |

1. raw water tank 4. flocculation basin 7. post-Os contactor
2. pre-O; contactor 5r"sedimentation basin 8. BAC ‘column
3. rapid mixer 6. rapid sand filter 9. clear water tank

Fig. 3.1.1 Schematic diagram of the water treatment pilot-plant.

Table 3.1 Operating conditions of the Pilot-plant

Item Value
Pre-ozone contact [min] 6.9
Rapid mixing [min] 1.25
Flocculation [min] 33.8
Sedimentation [min] 194.3
Rapid sand filter velocity [m/day] 103
Post-ozone contact [min] 20.6

_33_



Table 3.2 Operating conditions of the BAC process

Item Value
EBCT [min] 14.7
Linear Velocity [m/hr] 10.2
Bed depth [m] 2.5
Back wash flow [m/hr] 344
Back wash time [min] 20
Expansion rate [%] 40.7

Table 3.3 Characteristics of the raw water during experimental

period
Item Range Average
TOC [mg/L] 3.62~5.35 431
DOC [mg/L] 2.54~4.80 3.17
BDOC [mg/L] 0.40~1.87 0.89
AOC [1g acetate-C/L] 180~950 420

32. 24 ¥

321 7183 54 A

Al2479] UV-2549F DOCe= 02 mm 9WEH<A FE(Sartorius,
Germany)Z ¥ & UV-Vis spectro photometer(UV-2401PC,
Shimadzu, Japan)?} TOC analyzer(Sievers 820, Sievers, US.A)Z
A st

3 d &R/ XAD-8 A (Supelco, US.ANE

ol-gstHom, FAE AHES7] Mol A A S DOC 7] o
Fo| soxhlet F=7% 5ty HPLCHE 9 hexane, methanol,

acetonitrile(Merck) 2 Zt7} 24A17F F<¢F FE53 ¥, 0.IN-NaOH &

I
o
o



dofl HAAA 24417 & AHEt], WA 15 cm, =] 30 cm]
LCE 22 ¥ (Spectra/Chrome aqueous column, Spectrum
Chromatography, US.A)°|l FXIAIA 32 F7F5, 0.IN-NaOH,
0.IN-HCIS AF&3le] A& #E57F 02 mg/L ©]5t2 2 w7}X
AAARS st AFPo| AE3IYT (Thurmann and Malcolm,
1981; Leenheer, 1981). f+7]& ®FA Al&49 pHE 2 °]st=2 3
%, AgoM9 FHFELS A FHEZ(Cole-Parmer, US.ANE A3}
o 4 mL/min®E JAGsA e, XAD-8 FA7t FXH ZAH
S B8t 4 §E5E2 354 (hydrophilic) 22, XAD-8 FX
o FFd" HEEL - 0IN-NaOHE =
(hydrophobic) Ed& FH{FslHon, &3d &5 EZS pH 1
ojstz XH, 20C F2I5F 3
filter2 ofZslo] FHsF AAQl fulvic acid?t A fel HAHES
YA sk humic acid® E/3F T
Bdregdore w7l 2E7] £4 A
hAdl, A adkr] B4 L &Fe] EHSlE s 2" 8718 (FAEH
2l UF A A (Amicon, USA)E, UF§ WEH<S ZEMillipore,
US.A)= MWCO(molecular weight cutoffs)7]— 1,000, 10,000
Dalton(Da)$l A5 AH&SFATE (A@d ol AR8-8 7] el wg] F/F
2 21UANZE e AR T A g s AR, AR o
A= AHtS 55 psig= DASHA A

E
Y,
o
F
4
O

Z:E
M
bl
(1t
fo
N
S
=)
=
=

7

rr

3.22 BDOC ¥ RDOC =X
AAZ 48 | A" & ez AAst 33 SHFE 39

ol A thE, ISRl 550TCE 4A17F < EA- e 300 mL

BODHoll 0.2 mm WEH HE (Sartorius, Germany)Z o 73t A
(%271 DOC) 200 mLE F¢, 457 WA dFE HAFHS

2 Agstgon, 95 o EASGE 2 #71- FE 94 2 9

=

E
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&= (protozoa)S A A (Servais et al, 1989)3}7] fl&l HATE
im polycarbonate ZE (Millipore)2 A o 7ste] AJ54 200 mL
o 2 mLE HFsAH 3, A - FE AYFY Bre R
£9] AA (Maclean et al, 1996) 93l Na5;0s5 20 mg/L ¥%
olstz FUste] Attt wiF2 20T F2ufg7]olA 28Uk
HigFeten, vk 219 F5H vid wjdde] DOC =5 574
sted BDOCE %7] DOCS} ¥l 717t B¢t 35 H4 DOCSH]
2ol 2 3R T (Servais et al., 1987, Mogren et al., 1990). g =
7] DOC¢ BDOC9e] #te]E RDOCZE 33Tt

323 AOC %3

AOC wF+= Spirillum strain NOX(ATCC 49643)9} Pseudomonas
fluorescens’ strain P-17(ATCC 49642)= American Type Culture
Collection(ATCC)ol A & o} AREsiict. A 3ol AHEE REE
277 24 QAR A W pER $, Aoz Adad o
Al 33 TR 3Wlield Acjule] S|stRo)N 550TE 4Nt &
ot EAEste] AHE-3 AT

WA 0.2 mm membrane filter(Sartoriusiit, Germany)Z o Z}A] 71
AESF 600 mLE Al F9 Al #2885 9fs) 70C F5=
A 3027 WAt SA g4 vl w3t Pseudomonas
fluorescens strain P-172} Spirillum strain NOXE &A|l F &3}
15ClA 44z A wiksiAtt. Wit A E4F Leb-Lemco
Agar(LLA 8.0, Oxoid Ltd.) vjA|ell &3t 25TCNA 2~3Y wj<f
st FAHE colonys SAsIAT & Aol AM&E Pseudomonas
fluorescens strain P-17¥} Spirillum strain NOX®| F&AT= 27
4.1x10° 1.2x10° CFU/pug of C as acetateZ & th (Van der Kooij
et al., 1982; Van der Kooij et al., 1989).
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V. 243 9 313

41 95%F9 DOC T BOM &FH9 @A &AA

9574 3 w2l AY 44%52 DOCSt BDOCe| A##AE Fig.
411 [a]d]l YERAT. 959 DOC 5+ A 7|7 B¢ 25~48
mg/LE 1 W3} o] A Ueut. d5o] ¥ BDOC %
TS 040~1.87 mg/LZ 1 WglZo] vl ZA Yelgon, ¢
% DOC9] 16~39%2 A= AoE Uehgon Z4zte g &
A9l BDOC gHr#dFe A 2l=9] AH5 (AWWAREF, 1991; Croue
et al., 1997; Volk and LeChevallier, 2000)5<] 3% 9% DOC
EZ % BDOC &) 5~21% % 30% ©]3t& Ristal o]
74 5t wWiE AY Y9459 BDOC &2 =2 A9 v
st O =55 ¢ 7 AMH =3, fdFF 9 DOCS BDOC &
To AHBARE 88% BEE YEL} fFE e DOC X9 BDOC
TET WS 2HS AR S VA E AeE AMEH AT

A4 F9 BDOC =9 AOC &= A#4dS vEd Fig.
41.1 [b]9]" 4%, BDOC L7} 040~1.87 mg/LE W3 A AOC &
T 180~950. ug/L-acetate-CZ YE}L} BDOC E4 w2 AOC &
2 Freol 22~55% %4k o=l A (FWR, 1991)° olstd
AOC 5%+ BDOC 1 mg/LE 7|2 Z 3t9S 29 100~140 ug
/L acetate-CZ UEIY} BDOCS 10% AEE AAsle ASZ HA
stged, A 30%7 W= g A5 AOC ol

2 'L AEFE YT =23, 9450 /¥ BDOCS}
AOC 71| A#AE 0% = =4 Jehd 59 884 fr15d9

ol A2 MR 153 G2 % EEf?} A et

i
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2.0

1.0 |-

BDOC concentration (mg/L)

@] r’=0.8818

0.0 1 ! 1 1 |
2.0 25 3.0 3.5 4.0 4.5 5.0

DOC concentration (mg/L)

[a] DOC wvs. BDOC 'in-the raw water.

2.0 T T T T T T T T T

1.6 -

0.8 |-

BDOC concentration (mg/L)

0.4

0.0 L | L | L | L | L
0 200 400 600 800 1000

AOC concentration (ug/L acetate-C)

[b] BDOC vs. AOC in the raw water.

Fig. 4.1.1 Relationship between DOC and BDOC,
BDOC and AOC in the down stream
of Nakdong River water.
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42. A E Ao 9 BOMY W3 EA H7}

AeE FUs=cd wWE BDOCS AOCe| W35S Fig 4.2.1¢9
YERITH 2F F9U4L 04~12 mg/Le HWHE AL, FAte

% = AE %7 1 mg/L ARAAM A 2&F

< 12 mg/LE A3 AFsAt
&AM A FU+F9 BDOC 2 AOC F=+ Zt7 1.01 mg/L
221 pg/L acetate-CH o™, &8 04, 0.8, 1.2 mg/LZ FH33
A5, AeE Al el A" BDOCY FE+ 80, 360, 660
pg/LE YEhY 8~65%9 BAES EHAoH, AOCY A5t 41,
130, 230 ug/L acetate-C9] FE7} AAHT HAHEL 19~104% 2
Hett $9% 2E FUHEEE RS 4fel BDOC Hth
AOC s&° AAFo] A F Aoz Yeylth Koffskey &
(199)% FLg AT-E A8t TLF FEY &S FUINAS
739 BDOCY] ZF7H& Kt AOCY F7h&°] Evhil Hastar §lof
B AT vl=3 23S e ATH

T3 Ao E FUAFE HlE e BDOCH AOCSH 22 BOME
A T3 2A v o, ol LEAH Y i FF HIEEY
WA (aromatic character) 7+, A&Akst 2 Z144d3) (Galapate et
al., 2001)2 <l Aidfsel FFHE o= Siddiqui 5 (1997),
Volk 5 (1997) ¥ Digiano 5 (2001)2] dFolXe 2F F45%
7b 54 DOC s tg H(O;/DOC H) 1 B= F
BDOCHY AOCe] Aol HdZ yepdthy B3 2
e D9 DOC7F 3.25 mg/LE O;/DOC HIZE 0.4 °]3t] A o]

¢

N

o Y2

S9 AFe] A 0,/DOC WIE 1 o] F7hH9 oFL F
Qe B9 F74249 BoMe] 44e] Yolg Aoz HeHLh
123 Lehtola 5 (2001)& 12 mg/Le L&A A AOC7}

124%°]  S7H&S EYota Rusigen, oE:zxdl o
Spirillum NOXdl| 23t AOCE & FYFx vHsly 78l
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7

AP, Pseudomonas fluorescens P-17°] ¢]gF AOCE Fraste ZAS=E
shal oy E AN e 2Pz el A= FRAT L
g o F #FFd g3 AOCE A9 HILd F718S vE
Ao R ZAE o] B AFote Aol A#E el 2
AF o) AFLE Y59 A zoldA] 7|olE Axz FIot

= N
fr 20 K

o
rr

800

600

400

200

250

200 - -

150 |- -

100 |- -

Increased BOM concentration (ug/L)

50 |- -

0.4 0.8 1.2
Ozone dose (mg/L)

Fig. 421 Increased BOM concentration after various ozone
dosage.
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Ad BOM A AEA H7t
Ar3ddE A-dER F 203 243t Hr7kgk RDOCS BDOC
W3S Fig. 4319 Jelidth AF3HEE A&
A1 2lol] 9]3] RDOC+= #4y, BDOCE 60% A% F71st= ASZE
By, M E AHeg wxd HE SH-HA-RH A3 & RDOCE
37%, BDOCE 35%2] AAES Hole Aoz ZALE T Joret T
(1989)7} Dumoutier 5 (1992)2 $3-FA-Refo} DA A 40~
50% “d=<] BDOC7} A A=l RDOCS} W5 #A|AE&S YepdTh
A Huste] B oAget Hsd A4S Hem, Volk 5 (2000)9]
AFoNM= 10719 MZE T FdoA2 DOCS BDOCO] st
alum¥ HAL AHE-3 $FA] BDOCY %7} 1.5 mg/L o|do=
=S A whE vlud AT 40~74%2] AALSS YA B
uEP e, 3 Croue 5 (1997)¢] AFAME 33 - AA o8

38~70%oﬂ olg—t— DOC Z.M: 2 AERS] 7lsst FEo] 1o o
fe))]
AA

fr oo

T3 $OoE Aggdl Hs BAC 349 F RDOCE 58%, BDOC

it = ALz AT FoE
/BAC &3¢ 522 o3& Al He] BOME 44
ghe] BOMS Al Ast= Aoz, BAC 54

oA el Hi BDOC Al T
= BDOCT 21%, FETEE 022 mg/LE ZAME Y &%
F4go] gl 4% BDOCx= 0.2 mg/L ©]3} (Easton, 1993)¥ 7%
AESHo g ottty Budta Qo] Fao] T A FF
ol }l& A+ w -HigFEEde uAE A el HHsHA &

o

=S HAF3 Yot Carlson T (2001)2 2E3} biofiltration &
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o] HAgA HA LEFTY FEE BAC FAHNA AA7} 7

BDOC(BDOC.pa)el  HW @4, #Fe=z #F=2 F Us

BDOC(BDOCslow)«] H2a B4 2 BDOCrupia/BDOCioa BlI7} ZH ol

g3t ste HAFPZFE guidtta sttt B AT =

BDOCE BACOIA A A 7153 FE(BDOC apia) %%9_5—; =g

T A= FE(BDOCuow) &2 /A= FAAT HE Ao ¢
wol

A BDOCS] A4 HEo 50 FE FZAHo] BDOCY AAd 7]

ool FES BY5S & 4 Jdon, BACOA AASA &a #H
tg-gi %%% ]’% ] 9}]\% BDOCSIOW _,__,—O] Jﬂ—’F{— 21% ;g—tl:—
=2 H|E&S Hola o] BACYA BDOC - AASS HL =o]7]
MM = 155 B} 7 EBCT7F 2 ad Fo g ZAE QT
5
R I BDOC 4
1 RDOC
4 -
=
> 3 7]
E | ]
O
O 2} .
(]
, E
raw pre-03 filt post-O3 BA

Process

Fig. 4.3.1 Average concentration of BDOC and RDOC in the
water treatment process.
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o

FIAEE AHLE F 83 e HIIg AOCY Hitsx®
Fig. 43.2¢]1 YepAt. & Al 93] AOC-total?]
o ko] Fig. 4319 BDOC %743 wawsle 598 0=
=o] tisl AOC] F7H&o] 56%= BDOC 60%}F HliLa}te]
P SUHES Hole AoE yewoern, 49 LEFECd W
BOM His}54 Brtex &g o3l Spirillum NOX<}
Pseudomonas fluorescens P-17 % w59 AOC & F7H&°] A9
S5 Yelbd A= Y2 A Pseudomonas fluorescens P-17(P17)°ll
o3 AOC 5% Z7hgo] B4 UETh o Fig 4219 Age
dAHR Aoz deo QRS T8t 2= 9
AOC B 37+ AFS ¢ 202 Fig. 4329 AFAY 1d79]
TS e AAe g Blugk Aol ofd oA o]y oz}
=

]_

AN o R
N

M o
o off o

z

i

)

¢

rok

F9E zddl o8 AOC-total =7k HT 12% H= S7Hst=
Aoz Yevun gloey AAzE AOCP179 5 T4,
Spirillum NOX®l| &gk AOC Fx ko] S7tst= A=
o] A E AFel AOC-P179] F7kF0] AA Yetd Az
v AEFS BAT ol= Spirillum NOX$}  Pseudomonas fluorescens
77 A EEARE &8s 5 e Bade] i g
A E o] (Van der Kooij and Hijnen, 1984)2 L& A
T E AYF A AoldllA oprld AdE dAdET
AC ¥4 39 AOC FLwWsl= AOC-P173 AOC-NOX9 F&%
7} 529} 48 ug/L acetate-CZ A2l H|S: OHX]JE AgS Ho o0&
Aglel sl A&l ¥ AOC-NOXS 4§ AOC-P17 Hth BAC
TZAA AAZE &olg Aem udeuth FoE A s
AOC-NOX¢] Z7F82o] AOC-P17 Kt FistA vehgon, Z7t
" AOC-NOX= 99 248 52 3 AELae 22 S48 A
g3 Aol s GA AAE §E, AOC-P179] A& F2E Ao

os]
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& WstE Holx ok, T &Ae A oAM= ®HsE
YER A Zttha Buste] B A7 Hs AEgs BYon,
Hu % (19992 <2&xgo 9 F4% AOC +
AOC-NOX Hth& AOC-P179] s=F 7ol 7|1 AL
B A7 Aulges 23S BYoy, GAC 2 BACHA S AE
Aol oJaldE AOC-NOXS #AAEo] AOC-P17 Ht} =& Ao
2 Ruste g4e Ao g AAATFS B A9} vig A
F& Hole FoE ZAHAUATH

BAC ] & #&5& AOC-totale F2FE AHLF9 27%, &
100 ug/L acetate-CZ YEIY} Sho] 4 Xl FHo] gl

Sl FEEde PAE A diE) bdskA s B

9)\‘3} (LeChevallier et al., 1992; LeChevallier et al., 1993).
& SR-FH-RH ATl ts] AOC-total®] AlAE] 50% H=
2 BDOC A7A& 36% Hls] vt =4 eSOy BACe A 9]
AOC—totalgl AAEE 73% 2 BDOCS] 79% Rt} tih 2o AAE

S Holal 9o, Charnock 5 (20002 BDOCE TAste =3
S W9 EAFRIZLEESI Qo] AEAFHY o) EEs=
OC &2 BY s 3802 o]Folxl AFFHANAY AAE
o] ¥thil B3l Stk AFdAE SH-AA-Reodd A
A AR BZQ AOCS AAESl BDOCY AAE o =4
B} 5o disiA = Charnock & (2000)% Tranvik 5 (1990)°]
Aokt A E2 FdE°] $3 A (aggregate)E o] Fo] YERE dXFo]

U EE AR 2250 nEA B % e 2] Hol 4

f
b

gc £ o
g3 40 r
Mo 2
flo

>

E3, Liu 5 (2002)& DOC 557} 15~48 mg/L W99 A=
el b dE Adste 5709 FAE Al disl AOCE A
AEE Prig 29, $3-FA-EeodH 2 7]E(conventional) #

FAAM S AAELS 30% GAC1E AME)SF e I=AGFAA
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o] 73%—5— 50~60%° AAES YERATE Buste] B A3 A
1 50% F 73% Rue $e AARE YEh oy, Kasahara &
(2002)2 F A2 A - F9 AOC =5 vlwd Ay, dFdME
°F 80~600 pg/L acetate-C, -SHAZFoIA= 90~200 pg/L
acetate-CE ZAtE| o] FR Aol s H) oF 75%7HA] A= o
o, A WE AOC & Adle= 53] AOC-P174A @A 3

JEdT T Bt B Ape) e AR waFAd.

J,:

o
ol

700
600 - 1 AOC-Total -
. | AOC-P17
o B2 AOC-NOX
o 500 —
il
© = i
@
o 400 |- -
©
| = i
o)) . -
=2 300
5 [ i
O 200 -
< i i
100 |- -
0
Raw PreO3 Filt PostO3 BAC
Process

Fig. 4.3.2 Average concentration of AOC-P17, AOC-NOX
and AOC-Total in the water treatment process.
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Da ©%e] Edo] 35%, 1,000~10,000 Da Atole] E&o] 18%,
10,000 Da °]’Fe] Edo] 47% BAEE AA e A2 YERa,
AZ2] BDOC E2-2 10,000 Da "|%+e] 223} 10,000 Da ©]%4}¢]
B4 FARIEol A 505091 Ao 2 yERY 10,000 Da o4 1
22 7184 % Y4459 BDOCY A3#He A3t e Aoz
UElgth. Hem 5 (2001)2 725 9455 BEAHERZ
Ay H2 FiE BOMe TR AOC FEE ZAR Ay,
1,000 Da vk} #F7]=oll A9 FAdHEo] BOME 60% ooz
1,000 Da "]%ES] A ZE kel A} ZFA]5H= BOM HI &) wl-% &2 Ao
2 ZAESEY ole A A" Ao 4 Aolel vIlg
Aoz dad.

w3 AeE Aol 98] 10,000 Da ©]ide] #F71E&A2 H&o
26% 2 Z0]EW A 1,000~10,000 Da Alole] #7122} 1,000 Da
njute] F7)EAo) Bl go] 7t 21% 2 53%® F7lse RAOE U
Elton, @ Eakske] o8k A RA8FE 10,000 Da w|THe] BDOC &
AL HExE /13 Aoz yETh SR-FAH-AHEH F9
BDOC =49 &A% W& 4w E™ 10,000 Da "o 4o
AshE Bl Eo] 0%Z 9 53%, ALE A4 74%0] vls] ©o
S7he Ao ® vgwn. aga, $oF Az Ael 98 1,000 Da
ujuke] BDOC7F Eejodzts: Hu 22% AL F71sle Aog g
Sed ol F2E& AHFA o BOMY AFAste] o5 et
Y Axtz gaEn, BAC 2 ¥ 1,000 Da ¥]vke] BOMo] 39 &
A 4ol mls 82% AE AAD Ao F Yehtal o] BAC &4
2] 1,000 Da v]g+e] A& BOMO thil Ao wj$ =& A
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& F AU oy g A= mAE 9% 7= Abstol] s
T8 A5 (Leisinger et al, 1981)°] &Jst¥d &2 =4 Hoh A
A4 BFEEol MR AELS Fo AA FEu0l AAWA
o o] &x7] Wl RAe= HUIE = Utk X BAC AY * F

M2 de

5+ BDOCY 7% 1,000 Da Rk E&o] 76% F= A3}
Aoz Yely 1,000 Da V¥l BOMo] & - BlF=@ @] mAE
ARZo FFS v F A Aoz ZAEAT

Fig. 44.1 [b]dlE AFITHEZ BOME 2FA4/JAFAH02 BF
o] Ueld Aoz, 959 AS AFA EHo] 65%, 254 B2
o] 35% A== FAHE ZALoE UEHH. HLE A &

3 FEol 5% SIFste AFA/ A BlEol 76%/24%, FE

A el ol o7 M5 Hléﬂ 2743 Eéol 12% A= =7tske

Aoz Yepsth 183 BAC A6 gl 44 EH2 82%, 1

i A4 4L 83% A= AAE A= UEh, BAC 30l
15

HE A5 ARa Bdel ARl 288 ¢ & AASP, BAC
A fEEe BDOCY A% Q%4 Bdol 81% 4x AAshe

AoZ Yeht A S BOMe| + - HiF#EoA e mAE

Aol dee wE & dE ALE 2ALHU

N
Cipparone & (1997)2- A £ 84 o #o] | BDOCS #A= ¢
287%% 94 2570 AHe= A HEAZE F Us AL
2 Histe] E3ZQ BAC wPLE T Aol o da
2ERE S AT F AS R Alsdy
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L (b)

BDOC concentration (mg/L)

Fig. 4.4.1

BN 1,000 Da> '
1,000-10,000 Da

HArAIIAA, L

-
R m 0 m m <
s Seaens 10,
KK RARARARARAY
PEEXKRARAKAREN
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R
K XCRRRARRRRR
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R
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y
CRXREREXEN
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R
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XX XXXXXXXX] 4
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s S
RS
XXX XRAKKXXX]
KB
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rowasssss

raw pre-0O3 filt post-O3  -BAC
Process

The distribution of BDOC among AMWD
fractions and variation of hydrophobic and
hydrophilic BDOC during water treatment
process.
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4.5. BACZ 3| A ¢ BOM A|A 54

BACEA Z7]%H A7 <t $2E& A5 vl BAC A
4-2] DOC®} BDOCY #&EH|E Fig. 451 YEeERAT. DOCE
bed volume(BV) 15,000 FolA 60% A= AT AAES Y
ghilen, =3k BDOCY AASEAS Z7|(BV 10,000)°= 80% ©]
BT FFol 3 AAEGe] YEHEE SR, BV 15,000 A F
A dggd REE wAEY AETH o] FuistE AR
Tl o AARGE ARl o5 AAV} o]FAE AL &
I AAT 53] BV 30,000 o]l e tiFEe] #< BDOC7F A
AHe Aoq2 Yt BETH 7150 F71E AA F8 71%e

2 ZAg3te o2 HerEth

10 T 1 1

E — - O/ BDOC 7
© — @ DOC
S os| -
2
2 L p
Q
<
2] l—
o 0.6
) -
©
= 04}
©
=]
:g L
o
o 0.2 |-

0.0
0 10000 20000 30000

Bed Volume (-)

Fig. 4.5.1 The residual ratio of DOC and BDOC in the BAC
by operation bed volume.
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2 AFdMe 953 sRAY e d9 dF BOM d#F
NEHFFAY pilot-plantE AH&E] B4A] BOMY AAAFS
RDOC¢} BDOC W3, 2R7] £ad X R I/ =42
2 ERete 2AMEAL, EA4Y Y3 AFT 2719 GAC A A
BAC 9AZ H&H= Ao BOMol Uit AAs 2 AESH £
Ass ke A% e 2 A8S 45 F AU

1. AR 7|17 B¢ A Fo] DOC 2 BDOC 55+ 747t 2548
mg/L, 0.4~1.87 mg/LE YEl} BDOC7} DOCE] 16~39%S =t
At e AeZ YElgi, AOC FE+ 180~950 ug/L
acetate;:C, BDOC %2  AOC 3-r&e] 22~55% Ao, 59 &
A 7154 &7 =otdsE AES Jtsd /FAEY F

= E3 3 AEsls A= HERE.

2. A& FYFxo WE BDOCS AOCY Z7H5AoM= 04~
1.2 mg/Le L& FHdFEAN BDOCE 8~65%, AOCE 19~
104%2] A8 Ko BDOC HIF-AOC 5E2 A Zo] IR
Z AoE Yewt

3. £& AHgd 9& RDOCE 74, BDOCE Z7}ste= AL =Z e
gor, $x. Aoz & RDOCE 37%, 123 BDOCE 35%

7+, BAC 34 ¥ RDOCE 58%, 712]3 BDOCE 79% AE A
AFE Aoz JeEY BDOCY 21%7F BACAA A AHA &1
Aoz FEE 7FsAol v HALZE e
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A, F2E A 93 AOCY FUHES A7 56% B 12%, A
2& AHYoA AOC-NOXE 743, AOC-P17e =& Z71&
S He ®, ZoE AHFPdAE AOC-NOXE Z7}éht
AOC-P178 ZAa3dte AC=Z Yeyon, BAC Ay IFde
AOC-P17%} AOC-NOX9| %7} A9 w3 A Yeyta,
AOC-NOX7} AOC-P17 Bt} BAC &HoA AA7} &ol3F Ao
2 Uetsth B3 BACOA AAHA i #EeE f52 7}
A0l = AOC F-Eo] Hi 27% F==Z YESTh

. BDOC =4& ZE7| £x4%F X2 3713 49, dFFde
10,000 Da wjte}l EA3} 10,000 Da ©]42] E&o] A<l 50:50
H &9 Aeg yelhgon, deE g ¢s] 10,000 Da =yt
o] 7183 HlEol F7tetal, SR-IA-AFHFTF A= 1,000
Da o349 f71&d g AAZE &olgk AS 2 YHEon,
BAC A& & 1,000 Da H]%Fe] BDOC E&o| 82% A= A AH
Ao 2 YEY} 1,000 Da H]RFE] A &2 BOMol| Wit A A5 ]
]9 =2 AL & FQIT. ESH, BAC * 249 BDOCS 7
< 1,000 Da wEe] BAo] 76% A= AAdE Aoz vEh}
1,000 Da ®m|RFe] BOMO] i - sgrdrrol| A8 v A& 2487

G VA 5 Y Ao zw stk

oX,
e
Mo
o
N
N B
&
=
P\O
—_
N
30
o
Y
olN
N
XN
_o|£
fr
P2
o
fru
v
o,
9w
H
o
>
@

= ¢ F d3er, BAC xiaTA BDOC?| 7% X4 =4do
81% 8= AAs= Aoz veht A @TO BOM©°] + -
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rr
Sl
o
u
BN

Wl EEgol o) MR Aol 9L mA 5 9l
o

ARE AT

. BAC &7o|A DOCx BV 15,000 FZollA 60% =< A3
AAES Yl e, BDOCE %7](BV 10,000)91& 80% ©]4
o] Fzto| 93 AAUYAAFS HIJouy, BV 15000 AHREHE=
BAC 2 vwAEe] st AR/t o]Fojxom, 53] BV
30,000 olFolM= tF&Ee 4 BDOCZ H-2F w|dEof <3|
AELIAEE Aoz ZAEA
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Characteristics of Biodegradable Organic Matter
Removal by Advanced Water Treatment

Processes

Park, Chang Hum

Department of Civil Engineering, The Graduate School,

Pukyung National University

Abstract

This research, on the basis of the concentration of annual BOM
content of Maeri raw water of Nakdong River and by using pilot
plant which is a advanced water treatment process, shows how
the BOM upon water treatment is removed as to be classified
into RDOC, BDOC, AOC and hydrophilic/hydrophobic organic
matter.

DOC concentration” of -the:Maeri raw water was 2.5~4.5 mg/L,
BDOC and AOC were 04~187 mg/L and 180~950 ug/L
acetate-C during experimental period, respectively.

In the experiment for evaluation of BDOC and AOC increase
according to the degree of consistency of pre-ozone introduced, it
was noted that the AOC had a greater generation than BDOC, of
which generation rate marked 8~65% and 19~104% each, with
04~12 mg/L of pre-ozone concentration.

On each water treatment process, it was found that AOC

increase rate was 56%, 12% by pre and post ozonation. After
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coagulation-sedimentation-sand filtration, average rate of removal
was RODC 37%, BDOC 35%, and after BAC process RDOC
reduced 58% and BDOC reduce 79%. It was revealed that
possibility of BDOC portion which flew out through distribution
system was 21%.

In case of pre-ozonation AOC-NOX reduced but AOC and
post-ozonation. After BAC treatment process, AOC-P17 and
AOC-NOX concentration was similar. However in case of
AOC-NOX which was made more by post-ozonation, it was easy
to remove BAC process. Also, It was possible that 27% of AOC
flew out through distribution system.

The results said that on each apparent molecular weight
distribution, the. ratio.of under 10,0000 Dalton and over 10,000
Dalton organic matter in the water was 50:50. It also said that
using pre-ozonation, 1,000~10,000 Da and under 1,000 Da organic
matter ratio was increased, after coagulation-sedimentation-sand
filtration process under 10,000 Da matter ratio increased 90% and
after BAC process, -under 1,000 Da BDOC matter removed 82%
than post-ozonation. It-meant that BAC process showed high
ability of removal of BOM-under-1,000 Da. Also, in case of
BDOC which flew out BAC process, under 1,000 Da matter held
76%. This result revealed 1,000 Da BOM could affect
regeneration of microorganism in water supply and drain
distribution system.

The result of assess trait of BDOC matter on each water
treatment process hydrophilic matter held 65% and hydrophobic
matter held 35% in raw water, after pre-ozonation hydrophilic

portion was increased 54%, so hydrophilic/hydrophobic ratio was
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76%, 24% each. And hydrophilic matter increased 12% by
post-ozonation than filtration. After BAC process, 82% of
hydrophilic matter and 33% of hydrophobic matter removed and
it revealed BAC process has high ability of removal of
hydrophilic BOM. In case of BDOC which flew out after BAC
process, hydrophilic matter held 81% and it meant hydrophilic
BOM could affect regeneration of microorganism in water supply

and drain distribution system.
Key Words: BOM, Apparent Molecular- Weight Distribution,

Hydrophobic/hydrophilic Organic Matter, Advanced Water
Treatment Process, Pilot-plant

_67_



	Ⅰ. 서론
	Ⅱ. 문헌연구
	2.1. 천연유기물 생물학적 분해도
	2.2. 오존처리 공정
	2.2.1 오존의 반응 메카니즘
	2.2.2 오존과 천연유기물질의 반웅 특성
	2.2.3 오존처리에 의한 천연유기물질의 생분해능 변화

	2.3 생물여과 공정 (Biofiltration Process)
	2.3.1 파과 곡선 (Breakthrough Curves)
	2.3.2 공탑체류시간 (Empty Bed Contact Time, EBCT)
	2.3.3 생물활성탄 공정
	2.3.4 생물여과 공정에서 오존처리의 영향
	2.3.5 생물여과 공정에서 여재(media)의 영향
	2.3.6 생물여과 공정에서 접촉시간(contact time)의 영향
	2.3.7 생물여과 공정에서 역세척(back washing)의 영향
	2.3.8 생물여과 공정에서 수온의 영향


	Ⅲ. 실험재료 및 방법
	3.1. 실험재료
	3.1.1. 파일롯트 플랜트

	3.2. 분석 방법
	3.2.1 유기물질 특성 조사
	3.2.2 BDOC 및 RDOC 측정
	3.2.3 AOC 측정


	Ⅳ. 결과 및 고찰
	4.1 원수중의 DOC 농도와 BOM 함량과의 상관관계
	4.2. 전오존 처리에 의한 BOM의 변화특성 평가
	4.3. 정수공정별 BOM 제거특성 평가
	4.4. 공정별 BOM 특성 평가
	4.5. BAC공정에서의 BOM 제거 특성

	Ⅳ. 결론
	참고문헌


