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FFate of Organic Matter in Water Treatment

Processes
Hwa-Ju Kim

Department of Construction Engineering, Graduate School of Industry

Pukyong National University
Abstract

Organic matter are become serious pollutant in drinking water.
because it can be transformed into disinfectant byproduct such as
THMs, HAAs by chlorine disinfection. Aims of this paper are to find
out removal of organic matter for the water treatment processes.

The results of this research are as follow.

1) The residual concentration of DOC were 3.13, 347, 2.08, 2.0 and
1.12mg/I. with raw water, pre-ozonation, [iltration with coagulation,
post-ozonation, and gradual activated carbon. The reason of DOC
increasing by pre ozonation was oxidation of larger molecular organic

to smaller molecular organic.

2) The ratio of hydrophillic organic matter in raw water was increased
4596 to 63%, by pre-ozonation and hydrophillic and hydrophobic organic
matter were removed almost same for the coagulation-filtration process,
hydrophillic organic matte was increased by post-ozonation and the
ratio of hydrophillic and hydrophobic organic matte removal were 60%

and 55% respectively at GAC process.
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3) The UV254 can be removed all the water treatment processes. It
was explained that optimum operating the all water treatment

processes was very important for better UV2b4 remove.

4) The SUVA of raw 1.97 was decreased to 1.17 after pre-ozonation

and further decreased to 0.73, 0.44 after filtration and post-ozonation. It
was shown that hydrophobic organic matter were more easily removed
than hydrophillic organic matter by coagulant. It was slightly increased

to 0.55 after GAC treatment.

5) Though below 1000Da organic matter was increased by
pre-ozonation process, it can be removed at filter and GAC processes,
larger than 10000Da organic matter can be more removed at filter and

GAC processes than other processes.

6) THMFP and HAAFP could be removed all treatment processes,
HAAFP was more removed at filtration process and THMFP was

more removed at post-ozonation process.
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THM(trihalomethane) ¥ 22 45 AEo] A3 2 A o TAHE
FarstE Ao 4, humic substance® A A sk AL 2 HA4YH
FH e Fa A el wolgtr

F71E AAS A3 oA A A A S SHE Z28&A) Wl

A ooE A vs fg & ovlEse AAska Ak e FA40A

humic substance?] A7 &8 =ZA = THM. 84S AA s+

1\0['

o] & 4= ly] wfFel], humic substance® 3 A%}

Z=74& 2 THM, AF =248 214 247 7180 S75 Lok

= AL ufj$ Fasit) olgp o] & FUIEAE FTolA b wol B
¥]o] 9l¥ humic substancet 9o AF3 WSES Fal Al A

oltl NOM2 2zt Aol ozt A|dE59 HA 2 AdEe] oy

F7IEAe] AAWNE EFo] Bgstrh weA 29

EA4d, 2AAY, BAGSHAALFSE AW AGFY  hydrophobic
fractionthumic acid®} fulvic acid)¥ hydrophilic fraction®.= Al 23}k A} 7]
1, 7 §U1ERAS ZR7)REAFEEL(AMWD: Apparent Molecular Weight

Distribution)& 3}etsle] B zpaFe] A7) 353 44y FAAEd E9E

Zo el A S5 (THMFP), UV-254% &34 F2AA/NE Esto] zhzhe] A
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2.1 Humic substance

2.1.1 A A humic substance

a

#7)3

2o D Hoddel EAsIT oA HoldleE HFUlE (55, 94
55, vrElgol, wlojg )y FujE AE FEEdy 22 vy eER
FAEo T FAAHQ FHdA olBlE e FRHVIS(TOC) =2 FF 55
ol A FHAF2] TOCT F #irs uxoiaed &84 4 (Dissolved

organic carbon : DOC)¢}F ) A4 gk 4 (Particulate organic carbon @ POC)
2 PHsojxoh DOCE UwtA o2 045m W= 1.2um =7]8] oA 5 F
s TOCY o=z Aosty POCiE oAl Holols dor AHosh
T},

DOC¥ tiitito] Az oy EAR =% glen DOCel oF
20%9HS S-2l7F 4 e A Ae]th Thurman(1985) DOCF ol A 7Hak
TORRQ oF 50% S A Ee WS FEEHold i First ey oA

- - . ~ o vl olrl A Cyo Ful o
r}A] fulvic acid, humic acid® 55+3F2ivl. Atken(1985)2 49 &

s

< M

N
A
al

-

= pH 204 v]=tAl Eaba(o S S XAD-8 acrylic resin)ell #17d HE=

EAEAY pH 130 M FEEH folEeldn Aelshth. XAD 8 54

e oRE #Aed 248 gAstE vleleAd FAeld fulvie acidve &

pIl Z=AolA sl olil, humic acidi pH 2o]stelA] B&delm=2 pH

AL Edlo] olAS RHFEIT ¢ ouin SISt dubH o JFulE A
80% = fulvic acide]® b #] 20%7}F humic acido] A vt o] A& f& 7 0]

t}. Staehelin(1985)¢] ¢1+o] oJ&tdl DOCF FHE2 o=z ol A
A sle AL ofeF 30% 4 %9 hydrophilic acid (volatile fatty acid, sugar
acid, hydroxy acid, 1 8¢ & x]#] ¢ Abheln] L 8Fe] 206082+

22l 4 2l carbohydrates, AWAF | obv| Ak A tannins, aromatic

=y
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acid, phenols, hvdrocarbons® vl = el S22 A5 ofFIch o]} g o
g2 FulEzre g ow DOCe hiE¥l oz siadxy =t ¢k

A4 g A FulEao] vy A5 AAAEQd SHolA] o EEH
o] # WML A £3] DOCe otell os) A FHHch WNPRE

o] Z gl FulEdel di#f DOCe] 25% % A8k, w8 Ak

Ui
N
>
)
ol
L

Aol 49 DOCe 90%7F Humic substance$] 7oz &ajxln

o) Th(Reckhow, D.A., 1989).

Humic substancey® %35 E¢3 & 34 ] EAste 5343 /F71&%
22 2 Bolv} & Ao Felie] fdlsle], A humic substance

= opH Wkl whE g=gelarol gafiwell wetl fulvie acid, humic acid<}
humin® & wdoh Fulvic acidy: 5 pH oAl & &ajdeln
Humic acidi= pH 2 e]&tell A 2844 ojtl. Humine 2% pH =M%
2o 83517 ¢tk Fulvic acid®l #xo Hadx oz 50004 2,000
dalton®] ¥ $)olu]l, Humic acidi= 2,000 dalton 2t} o &+ &4=4S 742
t}. Humic substance®] 4°4 A2 Humic substance®] et 5% W

Aol upg} cieksiul zpelago] &7 5o] 2li= humic substances™ °}Plkx

ol 2ol HAE, aluminumi ironel FAH e 2tstEIw

Alste] ¥F2-ScH(Thurman et al, 1982). ofu]w-Aloju}p Fheksl whi 3

substancet™ XAD-8 FX|o) Fzatglc} 19y ZH9F B2 342 humic

substance®] zkel H ol Ale) v} Hajo] o 7] 6]l U']*rj/]» chalz 2~ o) E}*_



2.1.2 humic substance <]

Humic substancei= thEsh pH Z31Etell 4] Bo dist g3 =o] 7]=x3)
Aok AR o g ol grd A humic substanced B HE EYQ
humic substance?) ¥H 256 FAE 5, 2 del] A @2dxo] gl

Humic substance® 5l 7vtst 53& ddn g3 Odene A&
o 2 Eofell Al vhEldE humic substance® ®F3F7] 913 dwtxog Ha
7V % system= 2 AAIZ 31 humic substance?| &zbe] gaiAd i AF &
i AWs vhebdly] flel fulvie acidibs SolE AFEsEI T Humic
substance®l + ¥3i= humus coal® humin® 2 humus acid® humic acid
b= B0l 5 o 413k Pagest Dutoit(1930)e ol 1% A =}

FH<rel 48 humic substance®] ¥ 5+i= fulvic acid(®E pH F ol A
23 2d) 2k humic acid(pH 2 o]slellAl E-8&4) 28] humin(ZE pHel
AL U B8 o s tbd Tt Fulvie acide A SolA] &2 24 &4
shar, 1 FArEgbe] AsAge aestbe ofs) Ao ® o (Leenheer,
Brown. and Noyes, 1989). 2| A%+ fulvic acidol 28] s
(Wilson, 1959), fulvic acids= humic substancez oA 7} S84 A F-o]
22 e 2 2 A humic acid RUb ¢ =& v 2 &gt}
Fulvic acidy 2] Al Foll A4 &% humic substancel 90%E

2} 2] &k 7 (Malcolm, 1985), “F™ 2] 109 humic acidE +A3 ¥t}



2.2.1 Humic substance? A3 ¥ 3 5A

(1) Humic substance?] AArE 27

Table 2.1 Natural organic matter fractions and chemical groups

I'raction Chemical Groups
Acids humic - fulvic acids, aromatic acids, phenols -
Hydrophobhic Bases proteins, aromatic amines -

Neutrals | hvdrocarbons, aldehydes, ethers --

Acids sugars, sulfonics, hydroxyl acids -
Hydrophilic Bases amino acids, purines, pyrimidines --

Neutrals | polvsaccharides, aldehydes, ketones ---

* Thurman and Malcolm, 1983

NOM<2 4A4E ui= humic substancethumic acid, fulvic acid)e} =
4L uli= ponhumic substance(o}m)i=ab wheRz AR 7}53k 58
s o]l ol ok =, F el NOM-S humic substance®t nonhumic

substance® U 4 8l¢d], humic substancew xaTAdeol % “3td

o
Ny
‘ﬂ
I
oo

Aol o]a] A7 ~»} 2 =zl wbd nonhumic substance(<l & &
of gkl A 3} oAb 4 o] FEla, A 2 FAH] gle

o Azhr]o] It A o= humic substance Bt} AF7F ok AE3]

o}, ol s= humic substance Xt 1 $FeFo]l AHWelT nonhurnic



substanceol 1 & DBP./F #aid oz 44 =2 4+ e 7heado]l Heolo,

£ 3t nonhumic substance™ A3l 753k 7] & (Biodegradable Organic
Carbon: BDOC)2] B &% =3 whgg)o} A Ao Wdst=E Aoz U
A Douglas et al., 1993).

AAQR7IEA B4t By o) 7hA7E vk HI7EA ARE o

2ol =4 kel ok FHAQ 54 W e Er Total Organic
Carbon(TOC), Dissolved Organic Carbon (DOC), UV absorbance(UV aps),
Assimilable Organic Carbon(AOC), Biodegradable Dissolved Organic
Carbon(BDOC) 5ol i, 4% Al#zd w7128 FAHE 98 #71=9
Apparent Molecular Weight Distribution(AMWD)& Z4387] 213k Gel
Permeation Chromatography(GPC), Ultrafiltration, X-ray %3 Sol 9
AERAE(DBP)e A B T8 A g AAFTIEE 543
ol 4= olt}. A FEAE Trihalomethane Formation Potential (THMFP)-&
Za A =4 7 st (Miltner, 1996).

Humic acid®} fulvic acid, hydrophilic acid® XAD-8% XAD-4 < #]¢
ola) ¥l @}l Humic substancey XAD-8 Ao & %% 11, hydrophilic
acidy= XAD 4 F#el & 2"}, Fulvic acide humic acid 2t %2 A
st xE 7hx s gon wxiEe] Aon yh2&A AFert gol Aok
Hh9alo] BobAal 5717 dE=th Humic acids fulvic acid Bt} #3219
2717 A 7gkAlo] =t Humic acidel +4 ¥#x+= C, H, O, N, S, P
ola, EbA4 ko] 509 olAboln | fulvic acideE A4S el TH3tx 9l

.



2.2.2 Humic substance® ¥4 237 54

J

(1) Humic substance®] =} 17|
FrIEHe] AVE ERE 2RV FA" E3E(Apparent Molecular
Weight Distribution: AMWD) 2] 7Id & Ap&3sl=d, o] AMWDe| el =2
daltone AF£3kc} o] daltonel A eli= Ab4o] 713 7p oy EX3)h |

“oe] Awe 1160w =g Aoaxy, el dgHoR £

off
o

H Aake] whjolrt whebA, AbA e FabgFo]l 1599490 == dalton<-
0.9997 A=k thlel A&} A humic substance®] A2 500~
100,000 dalton®] ®flejar, o)l FRISS FxF W9E humic
substance® 2ot AFE s ¥4 9 humic substance2} F A uf
UHThurman et al, 1982). 4% A e dubdog AlgsE Wyiow
gel permeation chromatography, ultrafiltration, vapor  pressure
osmometry, freezing point depression, small-angle X-ray scattering &
> ¥ 33 (Thurman et al, 1982).

Gel permeation®} ultrafiltration ¥ 3 BT} 93] #xFe A7 &
48 Aol 7hgith o] WHE oA HIYPE A A FAS HeHe} g}
ad g b 2 gEldl Av)el ggEge] 445 dfor ok 1Y
t}, humic substance®] FtAist®l 22 #xv 2 74 #A571E A9t

B oA 4HAA Fsrth Geld®d membrane g5 FA 3gHE o] humic

substance?] A &3 TFEdo] ol r] wFd], @] =4AQl A F
Zurs AFsich wEkA, humic substance?] 7F=54 2bak #Hz=Ake] #
7l gel® membrane®| F2FEIch Ultrafiltration A& WX oW &

= YoMt &3ttt ¥ XY humic substanceE 7Hd fAL 9}

do

(2) Humic substance2l BR7] 22% &%

Humic substance® T+3%¢ 5A4& metstr] 9 @2 d47F T35



o] stoh

AMWD= el 7hes frldae] 3k fdg9 248 2 Abole

o shatE2 Maxets F3) A AddHn A AE Fhel ols) FAR
71 7] wiiell, s vheAdol 82 Ev BxtEe] & SES g4
Zofst Zhad e jESoll o M wrelA o 2 A slgtE R Fs)
Y, bl Sk g e s Yoh(Manem, 1983). 2=, vhE i
o] DOC &8 t]l #ol AAIsh= NOMeo| A@aidel <& o 44
295 = Aol vt 2xw BEE MR OE Bxg AR Bt A}
Ao Aol Aol 71 &6 7] wiF-oll “apparent”’eb Aol vh B zv)=
d

th. NOM ##ke] wjx]= pHS} ol 2%

otk s NOMe| AMWDE AAskz] flal 7B da Abg 5=
W % F 7B dltrafiltration(UF) 2} gel permeation chromatography(GPC)e|

) xpsFo]l d# R EE)H = AFE3 membrane filtertd gel®] molecular

weight cutoffE& A oJsl=u] A&}

(3) SUVA 38l¢} 2R 7] Bxj=k X3

\,

NOMel g}ebza -4 NOMe| Aws] Awel Lol d3ks njx:=
T A2 T shtolth NOME FAstE 7] 389 C-C 2

Y

=3 A== UV/ TOC H| e

T
o>
2
)
2
£
2

o8l dwE & gk

o) Mg MEPoRA Poldth WerAow UV/TOC ulsh LF@e

A%s 7H= NOM AR gadts A& vebdd ks, UV/TOC

vle] a(BES ARl Pa)E YRAA % TOC AAt g 2
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%2 94x+= humic substance®] &zl o3 SHAER AdEHlE EAQF
ok Sgel efsh o] <k ek AdEiv Aol wl Hejrt stk Bk 24
e AAE w BY YA 4E sl pHE vraolob b Humic
substance?] £H & ¢xH o pHel dele wEY. Humic substance %}
NAE A ES3I B-& [EPGsoelectric point)7F B.th b pHell Al o]
ok [EPv 759 Solol os) ks whisth

pH 3~5 Abelell A humic substance®] carboxyl group< W2 %3 %8}

7} Wolxs FTk pH7E 453 ol S4o] FalAn ¥ 4Ez
of whrele] A7tk BB FHAL HE Be ol FrE 4%

2" wbeskc} 2% 2] humic substance® F =7F AFstH - AL A AE

g A4A pHE o] S A FHow Fopiirh

substance) &3 dzb A WITFe] FEA dEFS vk pH 6 olgkel A
humic acid’} &F #7] Fe &2 #H ol ofs] A AL = pH 6 o] el
A iron fulvateet FAabstE ol gkl dell o8 fulvie acid7F A 7 gk

g% A <2 humic substance®] Al AR % AAE 7). UVayol
o)af «ojzt}. Bromide®} nitratest £ ¥714 232 210~250nm<]
Ao ZEstd UVE §5sth dol 3455 Adetz dnkbagl 7]

H e 250nm el FaY FYLE UehyA @et 385 57)

Ho

A
e

b

2gg aega o5 olF AFOE o Fojxl BASL UV F4e 3
ok 2eiul sugar, ©aedh A HAE b3 & thedh olu (A E E0,

YA E UV 3L §r6h# &=vh UV &3 %= humic substance



o FeE Yy shd AEE wnlel, TOCH TTHMFPE didlsh=

Fl\
e
)

4= zjolt}, Humic acids Ao oA st 2ol o]l fulvic acid X
of of & AA R

gl Fol P @ ATSH 2o Ted ol FHes s

=

Aoleh, dutH oz ssRaE AT @4 W wx g 2 0se
F ERolth AN Fo(ll) & 7hpealss gheldelnw ofeld

£ olsjalul R Aol

gPrel 5ol pH 23700 oM F7/1E2e Solede wa gle
ol ool ge geleel Makt Fr sleBAr] Ei skvle e 4§

1% 7bAa Qo pHel web elelst abgslel kst ol Hdh (4 201,

2 9-9), webA SEelM pH7E Sobael wel 28v)e] Aesz oletod

t% obdE AHE glon So

T2

-

\

vl

2ol Ashrh Sobsks Ao et

o]¢} F#sle] Narkis®t Rebhun (1977)2 S7|&2& HAapwol #o

fulvic acid® 297} A2kl 2 humic acid X.v} 743 &9 HdstE 4o
F oAew Basigiv
Carboxylic — COOH < —C00~ + HY (2.1)
Phenolic — OH < —0 + H (2.2)

olz}st H 7|22 AA g mechanismS Ao $dxzA8 2
Aaloll glol Fastt AA HaAHe o dolA FrIEe] AA] T
AzAgAE A 79 #AA mechanismeo] ZH&3e] oW A g2 77|

2 A A doiA = F71E A A mechanism®] A2 FEE7|Z SkC} o]

_13_



Ak FrlEel AAC wksto] 37F#1 9] mechanism= A B W 33t

sweep 8 193 RS F o vk oA HaEFHE FEd 54

-
shel AAE Wael Azt Fi JelA G120 AAE 4o
dgE 5ok Foled wm Yt PRUEL Lol Wn Y f

=G FU1E S sweep coagulation Y- W

ol AAZE o] FojTh 1ejB R ANOH)9 W HHds dogr] ¢s)

Mz gy Alel et wobdel & Aot} freln FROEA] {FUELS

NAES A glolA] shipe] Mo @] 2 AL floce] A AE=
Fkol A sweep Hdol = gk

oleb Z& Fr7]Eel Al mechanisme &3] #2 FAEFE Ay 9

1

= humic acid?] & 2ol A FVIEQ AAA o] &o] Hr}l T3 humic

gb fulvic acid®] 4 $= w2 SolLo HalUeE spAEz ) LS of

ek e nR BRolsy fo1Eel Al Ae e wubAel zgele

acidell tigh AAZE o] F i) 7] feiM = e Fol2o I AdsFE =
flste] B2 A FYol 8%t

olel ol {7IES AATel 9lo A HFFAAM F2 AIIDE T
Fe(INY &&A7F AF& 50 gdch. FFelA 7t5Res dovA =59
7brEel A A E s A3 E e Fo wel §rEe A A ue
Syl ZH7E AR AolatAl vhelddo olefst &g Ao Ao e

71& el A7l mechanism& th& 3k o] 7hers] @eokst 4 glovl Fig.

_14_



2. 15¢} kol spder 4= i)

D 7FreEal¥ monomeric ¥} polymeric alumo complexes®} humic ¥

Qi

Aobsslel s &4
2 HA-Alumo 3@ E2de] zs3E 94
3 Alumino hvdroxide # A &Eoll Ao} F=x A

A 71 A stetekE s or o] Folx v, pH o EF

Fig. 210041k 2ol A <lg #7182 $3el hato] 7

st ool wE §r1Eukel FiHe| o]fold AFHozE MAYY
2 ANOH), o %ol §712e FHo2A f71%2 g0 o

» [HA + Monomers All(g) -

Humics ¢

Humics | [HA + Polymeric Allisy +——  Adsorption or interaction
OH ™ OH "~ +
ALY+ HpO ——3 Al - Monomers ——» Al - Polymers -——» AH{OH) 3¢5y
eq: AOHZ e.q: Alz(om;

AIOHS 50
Al3(OH)y

Fig. 2.1 Mechanism for alum coagulation with humic substances.

Alumg AH8@ f71% AA deid A pH 9L 5-65 Wl

B sk il 5mg humic acid/LE AF&3E Q1-F Aol ik &< 4
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§ 34 pHSE $aA FYB wet F oA $AFGNM F7] e
AAZY elFolAE, olel@ F shHS f71% AN dPe del AHE

7B AIDZEE% 2432 7F2 humic acid ¥#Febe] shskdel A shol

olgk AA A9y} AdFujE FAEE A 2 F#oze {718 A
7 o w tAEo Hrpn FASYEY. A AlA dAoMe] F
mechanism-> ¢FulF o] Al Fslo] Mg Hdsg FAdo 93t /7%

shelch. 18l 2 FH A mechanism 992 sweep coagulation < ¢S 2 A

v 4 4ol AKOH)37F Ak #7148 pH 6~89lelA ANOH)32)

Bule) FRgEown Argoizen 9t o9k 22 mechanismell w}
},

FrlR AT e Aolge obgst 2ol AAT F7b Ak T

ria
I
f

sweep coagulation©] 2]3F mechanism ol Aol EAo] Alre dykA
o2 ANOH)soll o gk Eel <l AAF Aol 2a) ojFojxla, A=t
Ae-Ql AstFatel A YoM HAE FHZ GFrE FE o
Uxpel BdHEE Felste] whdEo] g oA HH AT AAR
b humic acid¥® SHAZ A& SHHE Ay AFsiel H=z
mechanism @9l A9 24 pH W+ 4~475 12l $38A Sz
15~80 mg/L= vepwtew sosh &4 FdFe s

ALt Sweep coagulation mechanism 9GSl g0 o] &3

pH #9l= 575~75 18|32 S{A T4 42 30mg/LE eSS

oft

el Fr]Ee] AAE HA &

™

of 21>J4}2] mechanism< 3% 3}
ol F 2 22] 7 sweep coagulation©l] 213 A&l thAle] 2| ste] o] F
oAxH, 53] 5712 AA= pHel o3 a&5d7e] sstdEH oD Yo

¥
a

-

o

4 oAtk
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Fig. 2.2 Reactivity of Ozone in Agqueous Solution(Staehelin et al.1985).
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S 47) Qlnh FEEAL 20-40%0) WEF HRE Fasted ol F
2 s BAZ ol FoiA Atk mebd eFEe vlE PAE e 5
=

7182 °oF 50%+ d|Fu EAZ F2 hvdrophilic acid, saccharides,

s> e E e ghgol ey BdA YHE FAdH. wEb oF

(L HA, M UV-F3 % 47

A2 Aol 2-methylisoborneol (MIB)®t geosmin® 2 delA U} o5 &
AEeL 74Esk akstA el 9 Fof o] tFEE AAFARN} aeln FEE
2ol 9 &Aoo oA ME% A o Th g waks Z 2] 7haA

ol el UVERES e dawt olxe FuEde qdad

(2) TOC, DOC <} A A

Folgael M@ eEAels TOCS #4x7 9 Ao vefthed of
g d4e 2FEFHY wEs o /FrIEFEEC 27 rET] WFEe

o

Adojit= dAaboltd TOCS 7ZHA = Q Fo o A FEIy|E3ld 9
3 5712 A AL strippingel ¢]d VOC(Volatile organic chemicals)e] =
el 21g Aolr, FulE AL o F&FAT 93] ¢dld] = (formaldehyde,
acetaldehyde, glyoxylic, methviglyoxaDy 7}2 54 4Hformin, accetic,

oxalic, glyoxylic, pyruvic, ketomalonic acides)®} #2 A4 E4& 9
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Aerh oldl AAE BAEe AxvAor el 4FS vjHA o g
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ol Z formaldehvder Zdal 52 Edvole] {2 Fxo| #Hrh &
A B2E fare EAS vhA a9k 58] F ol bromide®] <&EA st
T 98 w NOM2 2% Agl+ brominate® #Asts Aoz A

(3) F71= 2 AE7)e St
 ET Abdg el frlEe] whed A Frlee] g 281 SUbsk
ok Jekel(1986)2 2:&el ols) S7bel FrlEel A S5 ks ot
of Fatg gHdate] dakE FUbAIKTE o)A {iate] b SE FUHA ]

Qus

3, aedielel A {iAb Al AR AUk

(4) 23] A (biodegradability)<& 7}
AAge] eE:qHE 2 A fFr|Eel HAWaAbs gkl 9t FEHE
7MY ey e Fe ol Fobd flE el 34S GACEAERS 3

2 A7 BEE dER IR gtk @ E/GAC A 950 o % 77

i

ol AFsid SR qlstel 4 AHAGAC, BAC)O A DOCE] A 7

of F& EAE HAFD ok @ ARANE U Y A=

=

2R e GACH Sl atold 47 A7 Eof zit)
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3.1 A2 &4

w2 e g 313 #Zeo] Pre-Ozone, Filter. Post-Ozone, GAC 114
© 2 Pilot-PlantZ Al ztsle] A& Fasilon, 7hzte] 34y =z

748 Table 3.13 #Zrc}

Contact hme 6.9

Bzl
Pre-Ozone

Contect tme D T4 min

{hes velooty - T03m 0

> [}E

\@ENW]J‘KEW k@ s2EHel 2
Post-Ozone GAC

Filter

Fig. 3.1 Flow diagram of water treatment processes.



Table 3.1 Operating conditions of pilot-plant processing

Item Condition
Preozone contact time 6.9 min
Rapid mixing time 1.25 min
Pulsator operating time 120 min
Rapid sand filter velocity 103 m/day
Postozone contact time 20.6 min
BAC(EBCT) o 14.7 min
BACLV) 10.2 m/h
BAC(bed depth) 25 m
BAC(back wash flow) 34.4 m/h
BAC(back wash time) 20 min
BAC({expansion rate) 407 %
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AAF71 &2 (NOM)E 4254 222l humic substancest 54 =3
> 2o} sk=d, Amberlite XAD-83 XAD-4 4]

= ol gatdnh olE FAE ol &7 A W Aol os) sash=d,

("J
ku

2] nonhumic substanc

1oAY WA 15em, ®ol 50cmE A AE -8 2ol XAD-83
XAD-4 2% 20cmz 318t AREsA vt of Ago AbEd 74

£ Fig. 3200 theby

4%
5
o

DOC7F w9 %71 W&ol (2F 1,000 mg/L), ¥A F=1e] dxe 3-8 7

zloF $HchH(Thurman et al., 1981). 2] 2] cleaning process© Tha 3 7o}

—-*
i
O
}_A

NaOH & ol 2447k o] @7t S

2 Soxhlet F#&HAZE ol gald wlghs Fulz 24A13F F<F Soxhlet

D FEAZ AE dehE s 00N NaOH 8o rasic)

Q@ 2l dAeE A E F2 gk

& &9, 0.IN NaOH, 0.IN HCle| o2 Zy F=F9 DOC7} 1
mg/L °lst® 2 w7z Aty 4718 EFA 7 (Thurman et al,

1981; Daignault et al., 1988; Aiken; Leenheer, 1981).

ol Zrelef FHE FAE AxE AEHE FolME FEY] wli

ddske F3 Hol® bed H-i-ell thel 1 bed volume A= 5579

fAgch s, A BREEE 0mL/mine2 AAIA F3
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Cleaning processE Az Ao AlFE FHAZITE A 71714 A5
2 (045um membrane filter paper® <olHAZ1E Al4= 1LE  Amberlite
XAD-8 Ao F#A1721 & 2 #2255 2N HClZ pH 22 743t A
t}. Amberlite XAD-8 Aol Fzd 222 0IN HCZ 025 bed
volume, 0.0IN HCIZ 15 bed volume 99 4*E EHAHAH 1 FE5E
hydrophobic base#lil #5533 th{Leenheer, 1981). Al5+& pH 2
2171t} Al Amberlite XAD-8 ==}l &34 ziTh

E9A17] FE4 2 Amberlite XAD-4 Aol E 37t Amberlite
XAD-8 Ao &2tel 22 01N NaOH 250mL= ©3AA, 71 {FE&F
conc. HCle= pH 12 2b33t A4 247 WA3 5 045um

il
I

membrane filter2 o] #}&fo] 1 Mg fulvic acidetx #F/3spsdar, of 1}
2 glel e FIHES 0IN NaOH 250mL= &fjAlAA 1 &9S
humic acidg}x F-7F3Fich(Yeh et al, 1993). 18] 32 Amberlite XAD-4
=282 2313 §$%4 2 non-acid hydrophilicsgt 1 273191 12, Amberlite
XAD-81 XAD-4 FA& FH3 755 7+ Aol & hydrophilic acidet
7 B H359 HCroue et al, 1993). 2E 7 34 F45E 10mL/min~
1I5mL/min .2 fAstA v matd, 2 AdFe = NOME hydrophobic
base, fulvic acid, humic acid, hydrophilic acid, non-acid hvdrophilics =

etk 9ol ¥ H #4e Fig 330 here) wAlsh Az,
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‘——- influent

— 1.5¢cm
Glass 50cm
wool Amberlite
XAD Resin
20cm
Sintered
Glass Filter I

Fig. 3.2 Schematic of fractionalion column
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1L water sample

Filtered by 0.45um membrane filter paper

Filtered water sample
+

2.5 bed volumes of pure water rinse

Amberlite Eiuted with 0.25 bed volume of 0. 1N HCL,
XAD-8 >
Resin Followed by 1.5 bed volume of 0.01N HCL
¥ v
Efftuent water Hydrophobic
v Bases
Acidified to pH 2 with 2N HCI
h 4
Amberlite
XAD-8 > Desorbed with 250ml of 0.1N NaOH
Resin v

v led for 2 h
Effluent water (A) tet sett ed*or & hours
A/

Acidified 1o pH 1 with conc. HCI Filtered through 0.45um membrane filter

v 4
) v v
Amberlite .
XAD-8 Filtrate Residue
Resin # ‘
v Fulvic Acids Dissolved in 250ml
Effluent water (B) Of 0.1N NaOH
' |
Non-acid .
Hydrophitics Humic acids

. Hydrophobic
*A-B- Acids

Fig. 3.3 Analytical procedure for natural organic matter fractionation
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33. 7189 Bxgd Bt

F71 8o Bapud uwE PR3 7] 8] Fig 349 22 ghe]o
TH(ultrafiltration) “ZA & o] &3t & A FoA AF&E  ultrafilter=
o

Sartocon Micro System= ©|83te] 5 sizet= 77} 30K, 10K, 5K

dalion® Hg3tdTh A4 FHe KA AN AT FE T
P AolAE FHAAT oful fYLL} FELYL 22 083 0.4bar

2 Qs FAAAG F/1Be PASd HYe ¥ AMWD

(D Ultrafiltration® pressure gauge$t peristaltic pumps &2 A] 71 o}

olwl filterys sizeZ} 7} i ZRE] AlzbelA 2tE ZHE size®R W

@ 2o gEs FAAZAL Wl retentate flowrate(Fr)®t permeate

jos}
Q
§
=
0
2
@
i
o
m\rl
N
g
N
=
J[N
oX
=

olwf, Fr F¥& At FAal57] wzel el Hstrh A 2

R, Hxel FeE ViFon AL FHFAaE As o, o 9

AA

90%7F = Al Al filtere] ol theh o2 B filters #H 7]A]
71},

@ =4 250mLE E A A filterE ¥ 0

© AN8s T4

® 0.IN NaOH 2LZ filter& * o] Frth

@ Filter7} mt2 =] 37 vl & 2ol B 3k3ich

@& thg sized filter= A& 22 A4S = Eo|go)
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Filtrate

Filtrate
Reservior

Sartocon

Retentate

4 4 4 44 F 3

SN

Pressure Gauge
(optional)

Aguastable Tubing
Clamp

Retentate
Reservior

Peristaltic pump

Fig. 3.4 Schematic diagram for set-up of Sartocon Micro
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4 TAANFPA98Y), dB AFEA

o

=
=]
(1985), Standard methods(APHA, AWWA, WPCF, 1995)o] u}f=2u] $24]¢] A}

o= AR 5 8 e B4 71718 Fig. 35 3 Table 329 2t

Jar-Test < 5 H(Turbidity)

Fig. 3.5 Analysis instrument

Table 3.2 Analysis method and instrument

Item Unit Method and Instruments
Jar test Jar test
ar tes -
(Phipps & Birds, model 7790-500)
pH - pH meter (ORION, model 420A)
Turbidity NTU Turbidimeter (HACH, model 2100AN)
. i Total Organic Carbon Analyzer
TOC mg/L . )
(Shimadzu, model TOC-5000)
THMEFP ng/T (Gaschromatographer
B (Shimadzu, model GC-8A)
| UV -spectrophotometer
UV cm

(Shimadzu, model UV-1201)
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(1) TOC (Total Organic Carbon)
T FAshe $Aa9Ss FuHdeR B9 o de dxor o I

AN (e} T

L AAE A= fxwk of

(2 954 (UV 254nm absorbance, cm ') =74

-0
=

1 X x=

re §7] 3FEEo] FFol A lignin, tannin, humic substance 52 2
FA gl 200 ~400nme] FApe] A Aol A dojubs R Aeld w
2+ B Fig. 3.1. Schematic of fractionation column@ ¥ & Waks 22 a

s ANE B 5 Ua mel) oA o4 du e 83

>

ol F 7] =2 humic substance®t 2L A 3raAl7E Qv ulebr] UVoy &
Fo FrlERe watdeaE bHH o g HAsked ol ol fF
Ak FARww o jem A celle AFSEIY] FA 254nmel A

spectrophotometer& ©]-8-stof & 43519 o},

(3) Specific UV Absorbance (SUVA: UV2>54/DOC ratio)
UVaei9b DOCE A3 ol vielo 2 UVsyDOC 8] E vebd &

Qi=dl, ozl Algul fr1sEEe ¥skdwE Yehle AR @
ol w7k wowl §7] wawd wxstd whe Ago] BeS ovsm

NOMel rcp =gstn we Wadde v d&s vepdivy whdde] o
H7F sbod NOMel Zsbgl AE wbas ol Folx &S vehx, &

Zlgbae] el 7HE 3 strEo] #2522 vt (Bouwer et al., 1999).

(4) THM A% (Trihalomethane Formation Potential: THMFP)

THMFP(Trihalomethane Formation Potential)@ 43 ZA3lo| A Al®

!

0

daAedst 25 A" THMHES #akv], o)28 THM d 7 =2 %
£33

I AxE 3o A 77 GCe AAEAHEINECD)E ©f
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1, THMFP2| A1 e pH 7.0+0.2, % 20T, - A17F 724817 Z 9]
FeFd At 1-2mg/Lel =30l AAdE THM #Ho= oo A

¢] £

il
i

a8 o

P

T A4 300mLE ule] 7ol gobr 5% oldatuE

il
Z.
[s%]
@]
®
b

Smg/mLe]  dosing solution®.® 84l wAAHoRT  FIsD

H-S04(1+40), NaOH(4%6) % pH 7.0£0.2=2 %%

M)
o
e

o}
¢

NaOH= pH 7.0+0.2, &% 20T, ¥& AlgF 24r87bo 52 W5 Alg

2 Aoz she] el

THMFPE S438l7] 918k GC(Gas Chromatography)®  7]7]
Table 3.33} 7+t}.

Table 3.3. Analvtical condition of GC

(GC conditions

Detector: ECD i oo
Injector Temp.: 220°C

Detector Temp.: 250°C
Initial Temp.: 60T
Initial Time: [5min
Final Temp.: 60°C

Injection volume: 10uL

(Electron Capture Detector)
Column: PTE'™S Fused Silica
Capillary column
Carrier Gas: No gas

Total Flowrate: 12.24 mlL/min

Column Flowrate: 0.61 mL/min




VRS R )

Table 412 2@e] Ag8 U5e 52 542 vhehd Aoz % TOC
= DOCel #ls} oF 1.08mg/LA%= =ol JAAE F71Ede] oF BUAHAE
sheebe Zolgth

SUVAT UV254/DOCH]E el Zle =z SUVAZE 1.97% A
FUlE A B 4542 FAHT Eolurh

A= APAZ Aol BEQG It 04 g BAR BAA ERF
St Eo]l NTUA SR v <P ARl 95 d YelllyE AlssE dii
4Ql FAZ UEhAF ol GEd A5U®, pHE £F7F 2% SAEE
A 818 viebulrh
Table 4.1 Raw water quality characteristics

[tems Unit Concentration
TOC {(mg/L) 421
DOC (mg/L) 3.13
V254 (cm ) 0.0617
SUVA (cm - mg/L) ! 1.97
Turbidity (NTU) 8.1
Alkalinity (mg/L) 60
pH (-) 8.1
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11 AaAe s34 {71852M0C) A~

HZ]THE DOCe| WatE Fig. 4.1 Yekyidg. 9142 DOC7F 3.13 9]
SLoAeE Al os] oF 347Tmg/L7FA Frtekd ol 52 0.25
um o)A Z171 el {1 E Aol @ FE st o8] 025myr.c Ze AP =279

T7lER EelE Ay e wojxith

A o3k IHF DOCe) s 208 mg/L= &3 of 2% A7A7 €

FLEFYES F 15mg/LE F2E& Ao oste] A" &E2/F7]E
2 008mg/Lo 2, ol LIRSt o)sto] FFo] FrlEHol Fald

Aoz ddEn, F71E2S oo o) & B 7] fisiAE A

oA 56%e] AAEE Heoledl ole gl ofd AALRETE gk

- 33 -



DOC(mg/L)

Raw

Pre—Ozone Filter Post-
Onone

Treatment process

BAC

Fig. 41 DOC concentration with water treatment processes.

..34..




i
BN R
a N 0
o W TN ©E A
AN rETLR
t_‘ . A 0 1ml — % __.A .
oy Mo a M A (*
wodow 2 o5 2 7 ¢ R o
™ o rm.u m _HL < D;A 1_u|*r | ‘L.z# ﬂ\_ ﬂE U_r.c 04 | y
o:,44Lga@o_Z_:Dug il )
U e S ui om ok 1o s w o = Ee ﬂw -
@gco.m O_OATLhn;lﬂ ovl,gémo#_;
N~ o~ 3 o g ke S o o o L
™ i no : "y — T m . } Wio ~H Sro— = o)
— ™ o B LT = T V] N |
% oE O = o B A - N o o NN W o
E o T o = R T = X T Y ~NooF gl b9
~ o = o 33 = S x i T~ ooAr .
™ Y = - fr . X ‘1 ! < 0 i ~
—nt ‘uul XF 1C .ﬂ wmu| i ~A “hO . OA\ ~
A - .A_l ] " .ul — o il i o y < HT Of, =
ol o= T b T B o o i gy~ ol ¢ o2
1 _XL = OT, ~ e | -~ ) . ~N | ./L. — b ‘)AI
0y o P T oW R o< B of ¥ o o o T oW
0 ﬂl W0 ov No owﬁ_ 5 C3 : ,UT i 70 0y o# j me — EO
vue11,,~oﬂﬂlo,J, o wxﬂnﬁy}
L S O = = & 8 T < TX = A L o D
o g Mo w o g £ £ = by % B MO < =
N o o E 5= i Mow ™ 1
NG N e oS X DN I~ = T gl
1 o= Ul ok ) iy — = N oW o] o Hoow | AT DTd
~ UT, Foos —_ = | ; N~ O_E om i ob iy Jio /)
_— T ' <0 oh ™ = O_ ) 00 No o | B2 = ) oom =0
~ il — ] AL 4
o <X ~ M = o= xR S RO e S o o —_
Nlo Nid a < 2 T = & ol ]
N AT o o L_ ) N m lo~ ‘Alxr o ) i C 2 M
£ ; lo ~ ¥ R ] Ry by 2 X o 0 L
S o = < S W Lo N S " K
O ‘r_ ,,,OT — ‘AT ™~ . UT.: —_— . =0 ~NE i _ w i
a o - T ok S — T ™ B Y = ol A <
R~ B w9 F ~ T N s B - ol TS
| T B _ N o= LN Lo folm
No BT - < o NI ok N o = Exy for
il m ~ 7T N ! o o 4 - - ) mo ok o
E Uig@;qﬂt} zmlﬁﬂﬂfff
. w EEZRES % o e g o= oS
o ) = & ok 5 A Mo = % x ) _
0 Moo T ok 4 T 2 T W of * & o A ) o 2 =
LT O# — S o ~ »AO 2 _— N o! m Ur,; 0 E.._ —_
™ =N o oL = ® 7 b iy o o ol I W o < or
< sl Wb ! gx_ { o .DZH = i it o . MH vﬂu ~ o < o KM
o @ o A o o = 5 ) s s 2T T oy
Bt ~ X J - do R G 3 ~+ 4 7 £ % = =
S T o T w X o 87 o= g X P ~
‘ ~ ghl %o ol al i =W o NE ~ X (- o
e~ T BT < — Boom xE oo o N °oF
N O_ — ~N A—l —_ ™ | A b AO N O
N roa o M g = RINTINGY X
= I EY = ~ N of T o= T A
I = e : = %O Moo ! s R ny
3 — s ok = < o) K KA
SRR VS ow oo o e
BB & 97 £ th oy ol . 0
S = W - g
& X e O 3
= o7 do
P =T O#

- 35 -



w

. ) n
o= 0N w oA

DOC (mg/L)

O

o
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Fig. 4.2 Vanation of hydrophillic and hydrophobic DOC concentration with
water treatment processes.
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Fig. 4.3 The variation of UV254 with water treatment processes.
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Fig. 4.4 The SUVA concentration with water treatment processes.
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Fig. 45 Distribution of DOC among AMWD with water treatment processes.
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Table 4.2. Byproduct variations with treatment processes.

Raw Pre-0O3 | Filter |Post-031 GAC
Conc.(ug/L) 100 75 52 41 15
THMFP
Rev.(96) - 25 31 21 63
Conc.(ug/L) 100 30 42 38 16
HAAFP
Rev.(24) - 20 48 10 57
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