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Effects of PAC and membrane properties on the

removal of NOM and membrane fouling

Jong—Yul Park

Department of Environmental Engineering, Graduate school,

Pukyong National University

Abstract

Natural organic matter(NOM) is found in surface waters consists of humic and
nonhumic components. NOM is receiving a great deal of attention in the water
treatment industry because NOM reacts with chlorine to products DBPs such as
THMs and HAAs. Membrane technologies have recently been extensively
investigated as a water treatment process to remove NOM. However, these
membranes are easily fouled by NOM. Therefore, the goal of pre-treatment is to
decrease the amount of irreversible fouling and increase the permeate flux. In this
study, PAC-UF process was adopted to remove NOM and membrane foulants.

In adsorption of PAC test, coal based PAC had the best removal efficiency of
DOC. And the mixing intensity of 100 rpm(G=150 sec ') and the contact time of
30 min were determined as the optimum value. By the increase in PAC dose
adsorption, the removal efficiency of DOC was increased. However, in PAC-UF

hybrid process, membrane permeate flux was not increased.
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Coagulation-UF hybrid process had lower removal efficiency of DOC than
PAC-UF hybrid process, but membrane permeate flux was more increased.
The primary foulants of UF membrane is humic acids and high molecular weight
organic matters more than 10 kDa, and they can’t be removed by PAC adsorption,
but can easily be removed by coagulation.

Consequently, to obtain higher DOC removal and membrane permeate flux, PAC
and coagulation process shoud be added as pre-treatment of UF membrane

according to the water quality.
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2.1 A4+94 $ NOM(natural organic matter)

o

_E‘

NOM- F % humic substance®ZA EE E%3 £ 37 Yol &350 2 =0y
TE AMAY ZHEFEH fFdcte W 53 F2E MK f7] dFd=Eod
(MacCarthy and Suffet, 1989). &3} humic substancer 2] & oA f @l ¥+ lignins
7} tannins® EAL $£==3AHo] 9 3E o phenolic polymers’t HA AT I
phenolic polymerse Aotd71tt & WA= A=} A st HAFT A o
w2k fr71E A S YA s "k Humic substancest™ Aol A 4E /7] &2 (DOC)
9] 50%E AAstn dow EAHF BFE HE 500~10,000 dalton(Da)e] HHE A

e A AETY Adstde] oste] g,
Tl dAHE FHE EAstEE FA FAHY A odHHY. w3 FAHY ¥
Aol A a9t WS Folo A5FAES FASA Fr}t (Krasner et al., 1989).
Humic substancei= FA oA pH W3lo] wE L3 EAo 93 fulvic acid, humic
acid®} humin® 2 ¥ FHt}. Fulvic acids EE pH ZdoA Eo £ai4ola,
humic acid¥ 4499 (< pH 2) £ old 42 &84 vk 2183, Humine ©f
HW pH ZHAANAME Eo £3]5tx ¥=th. Fulvic acid®] &=L dd A o= 5000
A 2,000 daltond ®$I°]x humic acid= 2,000 dalton o]4e] & EA%HS 713t
(Thurman et al, 1982). 44¥+2 © ¥ humic substances® 80%% fulvic acid® # 7
™ 20%+ humic acid® Aol gtk AW ol FUI= BEE ARG o
Fo A5 web vhkeA Ve o

theket EA WA g8y 7]& S §35he] humic substance® TASHL U= &
7ol e AF7E Wol My E o v} (Miano et al, 1988; Day et al., 1991; Aiken
and Leenheer, 1993; Korshin et al., 1997). A 5ol 4 M= seil humus® peatd
FEA FRJE ARZoRRH FdE AA FAY EJ/T FUIsEEd g5 fFEE
t} (Hall and Packham, 1965). # =2 E% W9 humic substance: cellulose<}t
ligning X gsle &89 FHZFEEH Fadsty (Malcolm, 1985). std oy 54 T3
e AxF FRHEHe g DOCE FE 9 U9 EJAN FYH=
allochthonous©] t}. ©] 2] & allochthonous FH =4 oy 54 FolA F2 A3

+ WA autochthonous FYHEZA L 7% T5oA HE HAEM (Steinberg and



Muenster, 1985), A =9 B Z5FFH 23+ (Malcolm, 1985).

Humic substance®] F44E2 229 Fdg FE2wHol wzt goksio, AASF
of &5 0o 3+ humic substance:s ojv|=2ty GE XurE d wpeEE ALA] 7] 9}
350 9o (MacCarthy and Suffet, 1989), B3k humic substancet U3 &

ol oy} HE  aluminium¥  iron®] FAHEY AbstEFN BAS  wggo
(Thurman et al., 1982).

Humic substance® T4 A& 1 SAol wet A48 FofolA v AEE
Alg ek, webA vheFe £ =

=
3}8t7] 9okl AgrE a9t o] 2§ humic substance TX% EAS WES RS

i
&
by
2
a
N
o
off
:DL_II
=
o
5
o
147}
o
o
147}
—t+
a
=
o
D
o

AYar 9l o™ carboxylic acid, phenolic-OH, carbonyl, hydroxyl group< A4 il 9l
tF (Thurman, 1985). 3 humic acide WFH & T o9 phenol”] 7}
o 2ol FFHol gon fulvic acidE carboxyl?| S © Zo] FFstm grt. watA
humic acid®] 7% fulvic acidel ®l&te] 244 Aol o 77l wEol F=F oA
Salldol WA yetdt, aejre dubAel A x4 54 oA fulvic acid &
°] humic acid Aol Hlstol o wWo] EAA H= Aol

2.1.1 NOM9 &+

AAFNEDL 2548E 7FAE humic acid, fulvic acid®d A4S 7FAE non
~humic substance(o}7] =4k &uld  AREF 7bser spetd)= BFT 4 9lon, o
S 89%3lH Table 217 o] Yed 4 2vd (Douglas et al, 1993; Edward et al,,

1995).

Table 2.1. Characteristics of bulk natural organic matter

Fraction Species

Humic substance Humic acid
Hydrophobic acids
(Hydrophobic) Fulvic acid

Nonhumic substance  Hydrophilic acids Amin acids
Proteins

(Hydrophilic) Biochemical Carbohydrates




Humic substance= t& 3t pH 71 5}ol A
s

=] \=] o) 2~ =)
Tom ERY £ dom, &3

o oig &= wat 747 e A
of we} 7% humic substance= Table 229} %
ot (Swift, 1985). F 59 484 humic substance?]
4] 91 fulvic acid®} pH 2 o]&toll A &84 <2 humic acid, 18 1L
2 y ¥} Fulvic acide Ads FoA A=A EA461, 2 EAE7Y Aazg
S F3tel 98] A oJE T} (Leenheer et al, 1989). &9 MZ = fulvic acidel <)
¥ 1 (Wilson, 1959), fulvic acid®= humic substance & 7} 84 AEon=
2o AA4 FolA humic acid Bk ¥ & FEZ £ 3t Fulvic acide
29 A Fo|A £F% humic substance? 90% A EE A stz 9o, 1w

A 10%+= humic acid® FA %o Ath (Malcolm, 1985).
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Table 2.2. Humic substances classification based on solubility (Swift, 1985)

Current Designation Solubility Characteristics

Humic acid Soluble in alkali, precipitated by acid

. . Not coagulated from alkali solution in the presence
Brown humic acid
of electrolyte

Gray humic acid Coagulated in the presence of electrolyte

Fulvic acid Soluble in alkali, not precipitated by acid

) ) Soluble in alkali, precipitated by acid, soluble in
Hymatomelanic acid
alcohol

Humin Insoluble in alkali
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ZA8A ste] EFF} (Leenheer, 1981). 54 42L&
F XAD-4 A Fzd
transphilic, &2 # &L #7]ES hydrophilice & EHF3+ (Croue, 1999). Table

23¢ NOMe®| ARse 27t 2 JRel AYste H342d 5 b 9

i,

Table 2.3. Natural organic matter fractions and chemical groups

(Leenheer et al., 1982; Leenheer and Noyes, 1984; Reckhow et al., 1992)

Fraction Chemical Groups
Acids humic - fulvic acids, aromatic acids, phenols -
Hydrophobic Bases proteins, aromatic amines -

Neutrals hydrocarbons, aldehydes, ethers -

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

Neutrals polysaccharides, aldehydes, ketones -




(dissolved organic carbon, DOC), UV &3 %=(UV absorbance), & ﬂﬂ%f’i 7] &

(assimilable organic carbon, AOC), &3 7153 & 7] €t 2 (biodegradable

dissolved organic carbon, BDOC) So] 9t} =3 o

Al F7l=e] x4 54 wE oLudFAE o

B2l 2 B ¥ (apparent molecular weight distribution: AMWD)E =A3&7] €3 gel
5

permeation chromatography(GPC), ultrafiltration(UF), X-ray 4

1) o] g3

=
T

M

2

o

XAD F A= 44 humic substance?] #HFZ $38l9 standard methodZ A At
Ao (Thurman and Malcom, 1981). Humic acid®} fulvic acid, hydrophilic acid&
XAD-83% XAD-4el 9]3] #e €t =, Hydrophobic acidi= XAD-8 FA ol &2 5]
i, hydrophilic acid®= XAD-4 Ao F2&H= A4S o&ste £ 71 Ao
(Malcom, 1985). =#°] F& ¥ 7|52 NaOHS o] &3lo] FxloA &2AZd &

A
7 glow 75~100%9 H%&e A% 4 vk (Collins et al, 1986). ©] & &7 o]

o f7lEe BR7F @A BEsAA ASHL A AAW, o] emBLA o
e £A% A AAde Jke] A7) Wl we Aol AnEH, 7%
F3 A4l olste] o &7

A ko] AL go] we 5% g B e

rr

et U ol

Fzo EAsE F71E BAY AL AT FAHA &S =3}
2% AKX P} (Chadik and Amy, 1987). 32 TAHAAY F71&59 EA =
71 AAZE ARFHor 9SS vt Humicd fulvic acide 384 & H

At T2 nanofiltration(NF) 53 2& FAo 9] A3 #AAAL & Adv. 27

]

ozone, hydrogen peroxide-ozone, UV-catalyzed ozonation, UV-catalyzed hydrogen

peroxide 53 Z2 At T Aol ste] AEA EHZ AZTEH dAa9e] wWESA o]



ol AEFAE FAS ARAZIH AxRE A gddvar deAd v (Sierka
and Amy, 1985).

7l Ede] BA" A7)
distribution: AMWD)®] 7Wd & At&sted #4%F BXe A2 & 2ad Ao
7 AR Ao A7)el 7lxek7] wiiol X 7] (apparent)gt o ¥ k. NOM
T &2+ pH, ol A= 2 EA 49 A BV ExE XTI
B2 A=Y Fgolvt. AMWD tiE @9= dalton(Da)s AF&3kH, Dalton®] 4
ol ataol 71 ZMWa FRE FY 929 P09 AFL /1602 24H AOoR
A, FHZol iAo s =9 o ©gjolth. whEkA, AbA o] EApFFo] 15.99490] &
2 daltone 0.9997 A= ©@9oll 4-&st= Bojth. A humic substance® 2%
500~100,000 daltone] HHlol lom oA Fw$d ®x3F ¥W$i= humic substance
o] WA EA humic substanced HTA EAI AlEE ENWH u ot

H
(Thurman et al., 1982). dwtx oz Exzx BIZ Z2H3}E HHPOZE gel

1)

EFE #E7] A% & ¥ (apparent molecular weight

permeation chromatography(GPC), ultrafiltration, vapor pressure osmometry,
freezing point depression, small-angle X-ray scattering %5 °] T (Thurman et al,
1982).

Gel permeation WH-2 #AF SAHARGE A9 AVE FA4S Ad 77k
ultrafiltration(UF)el 2] gk W2 3~5 mg/Le] &% HHAA F&3A 859, 1
%9 humic substanceE 7}x &AL HA AT BEXHT =4 SHE o YE

F ootk gde 4w 9

flo

Small-angle X-ray scattering< & X A %2 humic substance? 34 w743 &
HZ FAFe] 2F sFgEd e 3d AL vlugory dojziv, YW A
YU+ 9 humic substanceol 3+ small-angle X-ray scattering w4 2 3} 2] 5}H,
humic acid A& F=2ol= Aoz Yewton fulvic acid A E-S 500~2,000 dalton
of Bates JlA = Ao® yelyktt (Thurman et al, 1982). A< 4% 9 humic
acide fulvic acid 2t ¢ & FAFS 7FAY, 3y o9 Id wAS 7HA
polydisperse system= A gt} oA v & A 7|9 phenolic @ hydroxyl 2-&7]
o} carboxyl AE712HE zHdETz 2o @d 3d wAS 7zl
monodisperse system< A fulvic acidol A8t A= EA48 4 Fow Ex
o FAgA PAL2 pHel wat &2kdtt (Wershaw and Pinckney, 1971). pH 12.500 A

carboxyl¥} phenolic 2}-87]= o] 3}5 o] o] 2§75 Alolo] 4 AeL FA 7



o] @ t}. Humic substance JFA & old ZAdtolA o &2 & A7|e
EaEd & vk =3, AMWDE A2 7Hed F71eae F3 A9
Atol o] AaAaAE AAG7] 9 SAHHT. AMWDE Foixl NOMel tig 5=
il NOM<9| A4 Awade] s Azt e A% 33Ee Al
= T8 fdA deHa AAUAL &l o sART] 7]

A =t} (Leisinger et al, 1981). Aol 2 FFEL a4-Fu3 71523
bg-ol os] AE Hrel A o 22 Ay s e T &

o7 vt} (Manem, 1988). L3 2 &
NOMeo] Aol %2 o] Ut

ol
fd

2

| -&

b
2

rx o

/\go

59

A

2
Ade M2 k. wEbA, 254 nm A A ¢ UV F¥ %=+ humic substances<
i B9 DOC 54 o840z Argatrle gaAola tdg ZAH etk UV &
% ] (specific UV absorbance, SUVA)E UV F%% (m )/mg DOCE e =
HoEA 718 54V 4 AAAEE UdElE F8&F AxRE ASEHL 3
Table 252 A7 o] YEE B2l o] humicd} fulvic acid$t # & hydrophobic acid
T AU Ho® & SUVAE zZHth Reckhow et al. (1992)e] M2 SHF A <
slo] 2 SUVAZS zZ'E= humic A& L 70~80%29 DOC7F Al A€ ¥k hydrophilic
neutral®] 74§ @4 10%° DOC7} AAHJvka B st Edwald and Van
Benschoten (1990)2 thekel FHe diste] SUVAS A4S &3 SUVAS Fhel o

& f/18e AW 54 et gol ¥R

fr

SUVA : 4~5 m /mg DOC
4% DOC A¥S F2 humic 222 o]Folxd glon Auxozn Af5x Wi
Ed A 24& Wol dfstx vt DOC F=7F

A el og DOCO A A7t & o]atrt.
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3 ARA BAE wol Fhdw drk $HA 9% DOCS AAT sk,

NOM®| 4¥3% AEE SUVASH 1,000 dalton ol 4-e] 71% ghakol whu] o a).
%, NOMS| it #A o] 27h3ol whel SUVAZH Z7batth, SUVAZE 4& NOME
gejdoz ARAR % DOC AA7 Foldtth F, BAFe & FFBAA R

Balekol e 3latEo] A TS Ea U 44 ALdEs] wio] AEsHAo] Lol

th 1 24 NOME S EAYT A &4 AR 44 Aoz 1i4 =4
= AeA =22 dgEo] SUVAZE ddiA o= vopxa old we} AEsfidol =

Table 2.4. Characteristics of NOM from Forge pond (Reckhow et al., 1992)

Chargexx SUVA
Fraction % of DOCx* AMW#
(neq/ mgC) (m '/mgC)

Hydrophobic

Humic Acid 7 70 5~10 6~6.5

Fulvic Acid 38 30 10~15 4~45

Weak 4 65 5 3.5

Bases 15 ND - <1

Neutrals 8 35 - <1
Hydrophilic

Acids 8 40 45 1

Bases 3 60 - 3

Neutrals 22 40 3.5~4

* Initial DOC of 6.6mg/L
# Apparent Molecular Weight as % of DOC
*% Negative charge density at pH 8
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22 2%l A% AT A

221 9% 3AY SR TF/

FAg A AHFL5 (pressure-driven) L& FAHL JEoA wAEo| 4
Y =45 AAs =Y AHgEE 22 Zlsolth dubAow By AL A e H Ao
ook AbgE = e 3 doo] AZ4Y] 2 AgHa doew A8 (operated
pressure), %9 ¥ = (pore size), =8 EAHF MWCO) wz} EF<E = Ao,

A AFEAgeAed AdEHe FY9e BIEAZFd w, 94F  (Reverse

Osmosis, RO), Yo7} (Nanofiltration, NF),
¥} (Microfiltration, MF) & <&
% F8 mechanism, %] pore sizeE T&35tol YERY AL

7€ mechanism (sieve mechanism)ol ¢ &f, A7]| %Y (ED)S o] 2w

2 Ux 5

gt 9 o] 3} (Ultrafiltration, UF), % ¢
9tk Table 25% F8d wxg 2o
9ttt MFe UFE A

ol o) el Al

A7} o] Foj AW FE T pore sizeE Table 2.501 vEFY nEel 2t} Table 2.590 A
& g %ol =9 pore size’t F2TFEH FEd2 A FHEE & ATk
Table 2.5. Technically relevant main membrane operation
Operating )
Membrane Mechanism Membrane .
i pressure ) Pore size
operation of separation structure
(bar)
) ) ) pressure )
Microfiltration Sieve Macropores 0.01~10 pm
(0.1-2.0)
o pressure ) 5
Ultrafiltraion Sieve Mesopores 0.00170.01m
(1.0-5.0)
) ) pressure Sieve+diffusion ) "
Nanofiltration ) ) Micropores 10 “gm
(5.0-20) +size exculsion
. . Dense
) pressure Diffusion "
Reverse osmosis . . (Macromolecular <10 “m
(10-100) +size exculsion ]
chains)
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wol Alde] Awe FaF ok 5 Aok FRAFH doiA e ddw, T
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0 by, e AY, A9 dPRE %o Ao wek =27
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o
=
S
S
S
IS
o
a
)
N
o,
=)
Mo
P
N

A (hydrophilic) A& o] o] u]a)

TFEAA PRt A4 Aol Holvbrh UF 2o A& AEZes obAH

oJEL olaBeolE, BeLES} 2e FAFFAL AzA Bzol=4y B}
424 Bho %0 A 4% ABzosed 2 A44 Zve oFo
S Eeolu2eE 2o AP £54 ol ue) Hodel 9

@ol gith. ool met wel Aol wE 54 AW b 2l

(1) Polysulphone
P At or Abg s = 9ol A RA pH 1~137-A4 62 W olA ARge] 7}
53 =L 2ZoA udAgel Fahoh T AstAlel e Aol e
1-20nm®] ¥a A W WY ¥ 7HA 2 Jon, dA A&sEa e w8 &

g 1 9= 1,000~500,000 dalton®] w35 7FA AL gt}

(2) polyamide
o] A A EA S A4 A (hydrophobic) A4S zx dor {f71&4 ujA 59l
Holyu, e Aol 7] hEel] tid Aol sty A Ed wHsig. gE A

A9 o] vlahe] flux AA&o] For HE £E WANA £7o] FhEaie

(3) Cellulose acetate
2194 (hydrophilic)®] 545 AU Jir, die g #Aakgo] lom, ol

ol Y Mngdd. e £ pHE 4~79 W Ad
Q.

2
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ox
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T
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w
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o] ol

(1) #38 (Tubular)9¥ 5 FAY (Hollow-fiber)
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=

s ol
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-
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]
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=

Al
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(surface area/volume ratio)e] 2iL, #3F
2]

S|

(2) YA 3 (Spiral wound)

)

g

F 9]

o]
H

0.25~0.50 mmol™,

KR
=

0]
H

o
"
=
eyl

X

KR

e

_13_

10041 400 m'/m

o)
At

Ft} (Keily and Rogers, 1955).
oF

2k & o]

kel

X dEE
0

g]

o] 5~20 bar® A

s o] o] o

S

(3) 393 (Plate and Frame)
UF 2&

1 NTU ©]



223 UFe 2 MF% 49 99

o

JubH oz MFeHel S4& @ol d7sel gon v ¥uTze FIAEHL v
$ thdsith (Belfort et al 1994). ol %o] ohe 2ol

HEe Aissl AAA $ARE AU; gon o) FF A7 gaue wu

Aol FrbetEE TWUS FA9 A7 dasddn. oY A9 AL 2o A
A Zo Hlste] gk BHZS AW HgH Fxo B AANFo HAT 5 gt
(Noble and Stern, 1995). o]d] uwhe} 2o Fx24 EAS Auuy MF A5 AT+

al
oA AFS FWAoE HA e 9
Aot gom o2l @ e

t 1
em’F SR A9 V1T AT Yk ol F v AT UFAE &40 W

=
fluxe =7 #A4% 5 Aot Blatt et al, 1970).

= T aE s ATz tFdd MWCO (Molecular
Weight Cutoff)e A UFZE 45 F7F Aok MWCOY /= 8 Hodes +
o] EAe]l 54 MWCO ol49 wolA miAld = Aow 54 A2 71 dd. &
=9 A7l wekA §E4 FriEe] wAE gjet ARA
UFe AF34 T4 8= AAY mAEYg AAE T8 54
MWCO 10,000~100,000 dalton®d%E°] fr7]&cl hd AA7E FEAolm= o] Lo}
nEFf7l=e AAs E7bssta aRA=Aoly vpolgl & v ol 5 RE FFe
u A& BE7)da 5o AAZE 7hEsty. UFY2 A4 E mechanism (sieving)ol] 23]
] 10" ~ 107 me 2719 BRL AAsE ol fHL Yk BF g AAEZ 9
A UFeAL 852 01 NTU olats A7Ast=t AesHE Aoz wusa vt
(Laine et al, 1989; Jacangelo et al, 1989, 1991).

2
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A7 233 (dead-end flow)d} A A3 (cross—flow)9] 27}A] ¥

B2 vrold 5 dvk Fig. 210 =@ A4 ddE 44 Jeddo. 433
o] Bto] xHoel] FAoE 21 o] WA BE YAEo] A
A AAE ZFHE JAEL A gbo] Aol what

= 2 4AES A9 AoaFolA AAHYIE gt 1
v ity FAAAE T AAdA FRE §H4E AAT 5 oAk o]l wheh Hho
¥ EHE5 gste] AHATE FUATIL Gl A g gEo] UA A

T flux #FA2E fFEeAl =1, F34 flux7b dASHA FAE 4§

7bebA "ok 1 AdEA 13y FdHE AT A oA g48 g4
=5 A7 A Fr1Aor S TAAAK sk FAlol Yk (Vigneswaran et

al, 1991). ol¥ & TAE 537 YA AAE Fer ndHAT HAE 2 E F

B 9 deet 29 fAle] 252 9o e FHeR s2WA fFA9 dF
ol & SHstA Hrk. =g v FHolA FAV 55 W 4T HE FAG
ng v ogto] AAE =d5L 9o ZHdA d&y st HEE Aol

4o
T
o
M
o
Al
ol
o

=
48 9o geba ve mwdA W 583 2ol AA
249 %40 A dojubA @ow Hrh B fluxE 44T 5 Ak oA ® WA
g el gol oste] AAR Bdol A48 we AANN BLF REHF u)

Ao adE FAF 4 vt (Noble and Stern, 1995).

O

main flow
direction

r;l_alr.:ﬂr!ow
——p direction
a2

filter medium

Dead-end filtration Cross-flow filtration

Fig. 2.4. Sketch of dead-end and cross-flow filtration
(Manuel Mota et al, 2002).
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225 4ATEFY % FHAA flux o] B} AFED

Resistance-in-series model2 §#-UF

of
o
lo,
2
oo
lo,
o2
ol
o
o,
N
)
ols
o
rlr
=
>~
>
oo
L)
2

A =4, 1 modeld] WEWH T3¢ (permeat)? flux:e oS 23 o] AL,

LD _ Ap _
/= wp,  WR, R TR, D

o714, ] = T3 flux
AP = 2 F 9] ¢ s (N/m)
n==9 "4 (N-s/m)
Rn = AR o) F28t4e 48 (1/m)
R. = Cake® A& (1/m)

Ri = v7bed 2ol &2 3539 9ol 9@ fouling A% (1/m)

cake A%, R.

rr

T o ol 28T AT
R = = (2-2)

o714, a = Cake9 4] A 3

a

M = 9
An = el W H
V =

,4
=5
¢
2
ey
)
i,
(@
o
2,
D
o,
(o3
0,

fr

o w9 9 wAY P48 249 Pl ZEsE caked) AFolw ol:

Carman-Kozeny 2 (2 (2-4))& AF&3to] 2 (2-3)o] digdste] 2gHo=z F

S
a

o)
PR
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L MR WG (2-3)
Vv AnEP 24,0 P
o —180001=£) (2-4)
%0 pd,
o] 71 A, ¢ = Cake? porosity
pp = PAY He
d, = AAkel A7
2(2-1), 2(2-2), A (©2-4)& Astd ofy 2z o] YEpd 4 dr).

A p = ny 1800 =804 (2-5)

APE flux7t 4ol whel, cake =9 #8090 5718 uwel, particled #7do] &

°] 2tk DOMY EAol 93] T2 J3gFS& F+& AAZE hydrophobicity, charge

gﬁ
=2
Bl
ra
lo,
o
=
oj
o
X0,
i

1) DOM hydrophobicity
4 &4 #7159 hydrophobicityts XAD-8 ©]2u 3 F=A 5 o] &3] 4T 4 9l

o AFAS W EHe AFHo wo gwo FAo S Frh. Juckerdt
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Clark (1994)% fulvic acid2t humic acid7} Bt} & F29 & 7}A W Schifer et al
(2000)- fulvic acid®tt B 244 W& humic acid7} 2o T3 fluxE #H4A 7
1 3t Nilson# DiGiano (1996)= XAD-8 X & o] &3t &F4 DOMHY
4 DOMLe g2 /3t Z7 w28 s 47, A4 4 DOM< NF membraned| 3}
fluxs #aAZva &9l
a3y Lin et al (20000 DAX-8 FA=
polysulfone® S o] &3t Hyg A L4 FREY 54 F
= vednga s 28y 29 foulings #FEstE A=
AZF gk 54 BFEo ¢ 2 foulings oA = I4A FEY rejectione
A9 gltha AT AWWA (2002) 4+ w2 SUVA#S
flux Z4E Holw =2 SUVAY #A e 244 F &0 foulings o 2o

i skt

rlo

2) DOM molecular weight and size
e
= R Ade PR A 2AEY st A (Clark, 1996). 2222 &
e 8 2 5849 flux #4E 2t Lin et al (1999, 2000)el A= &4 =7]9}
foulingo] #3 dA+= 3 ZAI humic acidE hydrophobicityol] &8 & F3stH ¥4}
25 YEJ Yt 39t Habarou et al (2001)2 3,500
Dalton®] F4 FA 2 &2 Ato]=E EFIPES oW FA FXo s 27 =422
THE =459 o 2 foulin tha &k 18y Carroll (2000)2 2o

7V & foulinge e A7|o BAe o3 okr)®ttn st = Y Fe Al

i

Molecular weightg solubility$} hydrophobicityoll &< 713t} &

i

A717F & Aol & flux 7+

0Q
o
[e]
=)
N
o

neutral hydrophilic ¥¥%°] ] 2 foulingg dozlttx s}

3) DOM Charge density

90 % o] DOM=2 f7l4tel™ (-)dstE 7k%1th (Thurman 1985). MFe} UF®
< filtration® ¢t ()M 3E 7. 2H 22 §F7]E 9 charge density’t F7FstH
DOM3} 9 Alo]o] wkutz o] Frlstt}, Avr7l ¥ charge densitys £d=& T/}

=
A71aL el FEetE = e g

4) Solution pH
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DOM¥ ¥ FW 2 AdsF FHolM = ()AsE 7Hd. 2h2he] charge density=
4ol pHel 93] &S W=t} Childress and Elimelech (1996)> o2 pH Z 73}
o] 4 NF9 ROY electrokinetic charge? EAL AdsArt 229 pH7 HFold
= gAste] A7 Hepdval &%

DOM Ex#+¢ #3+= Carboxylate?t phenolic hydroxideo] ¢
o 2 )AstE 7EY. () dske] w3tk (-)Hd6He] humic &&Zbe] whtrE e FAHS
Agasts 3 Az AL HEY. F W2 pHoll Al 9 humic =29 (A7 AT
5 e Aty F3e Bu o Z dojdth Yoon et al (1998)2 pH 4

10AFolell NF2 #W o] A humic AFe] F2 ol dia] A=, F22 e =
A & pHel A 7Hd =A very pHRE 63 7 Abolel A HAS el A
FAE S pHol A= Ad714 b o Hag Qs AstEn =& pHelA = &

°] humic AF¥ ¥ ZW Alele] 7pu &S d= Cal o]Loz <d ZAgwrt

o
s,
)
)
s
rlo
k]

s
=2,
>

5) Calcium Concentration

Ca” & AAF Fol &8 74 2o oy 714 mechanismE F3) = ZW
DOM &3] jafo] watha wausa gtk WA, Ca® Aol o8] F7hd o] &%
Wl A7) o]FFS 4EHF & dov (A BAsk 9 gwd e

71 @A B T AAE (HAFY Ca¥ o] €] DOM A9 (1)AFE attE A

S Z7MA 7T AWA, Ca® o] €& DOM ®xA AloloA] 1 A7 E Z7HA7 2 &

43834 WA ionic bridged HA T 4 QA |} mpR o Catl o] L& A H A

A9 humic A3} fulvic 9] Sl 0~179 mg/LZE Ca® o] 2L #H7lsvA o x

ool Fo] AT AL Ao Fa® AL %ol ALY humic Ao @
Qo

-
o
N
N
El
LS
ofo
o
of
b
D
°
ol)(
N
)
it}
o
il
of
ol
2
o
=
o
o
j}
D
o~
I\
~
[N
O
O
x
o
=
o
=
o
>
>,
°
i
i)

=2 0~80 mg/LE WA WA H7tE A Ca” o] &S NF 9
F/HARGE A% ggth F, F2E pH 6, 894 ot F7hekn pH

R
F43 F7199E A4S 2A9v. Yoon et al (1998)2 humic A+e FZo] #
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s o 9o flux7t ZaRT Atk Wl ® Cho et al (20000% Ca® H7F F o
Hat A e W ¥ Cal wER A8 flux #arh FhehA et skl om Hong

3} Elimelech (1997)& =& Ca® ¥ %o A w9 foulingo] =713ttt 39

6) Ionic Strength

of 8] AFolA o] Ew e xwe] DOMe Fae AAA= AL 19
AU o2 we 7] olTFE @=cta, DOM #A47F ¥l HEFste= S
AAFAA F2Z FdFE 710t sk Kulovaara et al (1999)= F 7€ o274
L7 DOMel ¢ g H|[7F9 A3l foulings S7Fdohal akdth. =3 e 95 FFd
AL o] F5e H3 o2 humic A 99 hydration °|55& &t 3
29t Hong ¥ Elimelech (1997)3} Braghetta et al (1998)2 %2 o277} %=+ NF

membrane?] foulingS F7FA 71t 3%}

oH

7) Membrane Charge
e & AdEHe wetA AdeEE WA =M e Hdete o WA o3 E 7]
z 1

719 o& F7tdrth o & 5o carboxylic 4 7|5 7]E bR 2 AL g4
o] oj2std W ()AdE 7FAIL amine 715 71E 7H 9o ®WL (HDASE 7HA
A #©™ (Cheryan, 1998). °ol&35H = 75717 ¢le 2o #9W =3 +Hsts T
Asts WAl Hed #He gWelA  olesHE VEsVIE XA e
polyethersulfone A2 =& (-)AsE HA Hr} (Causserand et al 1994). ol Fi&
°of &4 F71=(DOM)E (-)dstE Wi glom FH7] Al b o= Qs 7st

A (HAHE WE e DOM FHE

a2
2
>
&
g

t9] foulingel A A dojdtt.

8) Membrane Hydrophobicity

29] hydrophobicity= F71&E9 F23 29 flux il o] F8 FFAAZH
Lainé et al (1989)+ polysulfone®lY polyacrylonitrile =Xt 44 & =
regenerated cellulose™-& A}§ A] foulingo] AA dojdtix At A (2002) A
g A wel Hlsto] A AHe wo] £33 flux7t A 44 HATL st
Ak e Jucker$t Clark (1994)9] AFolA & humic 4t fulvic 29 F&&
polyacrylonitrile =} 2t} polysulfone ®foll A ©f Ztta A
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9) Membrane Surface Morphology
UoEWe ARV BelEst o EW Alole EWAI PHAFE F7HA7 WA

F2ol=9 fouling& S 733}

10) MF membrane fouling and flux decline
MFoe] flux 74 NFo 58 UFgel wlshe] ol 49 Azsl wass
Aol BiEolty, MF 2o A, BE UAAAZE $dto] AL&37] wiol cakeZ ol <

[e]
o
F ool AwAol AR, WA L ARAZ o HT FSolE gl 3 FS F

ul

= 93 (pore blocking)@ o] wo] foulingg AlZatA LA 7]7|% gtk MF q9

fouling &2 flux #Z4& &4l 3k o]22& NF, RO Zat= &8 vuy AAHoR
A A = o]l vt (Belfort et al, 1994). ¥a 4 2 QA7) wie]aE YA & wA#F
S A nEAEAo] MF 9o g Z& AARAY olajs Edo] 77t 593
07 & FA EAT A5 fouing A flux ZadLe] i B E 7]Ee

3o A 2 Ay Eo] otk (Kuberkar and Davis, 2000; Ho and Zydney, 2000).
Kuberkar and Davis(2000)2] 1ol 93stH, & AAN(FFAHFe A5 d=fdt
HAEZA)7F o mHo| #o] cakeT S FAAT A

Aol ogk F= 93] (pore blocking) @S 23]

=3
gEE fues 2 gAs NOMol FAd £A4%

vo] Hgd 79, 3 oy
of 9% fouling AF& A2sek7] Aol oUW o]ES AT & AL AOE ]
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(2-6)

5 )
4 3 (Adsorption Equilibrium)
A
A+ FL=A4 - F

2 gu] Alo] g
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2.3 A7 PAC
&7 0

231 &

%@rﬁ%%%ﬂaf L
—_— X
Do T o B R T WM W P o
NNl W wj X Wo K e o ©
W B0 W o = N o W ORT R
i bt — ot N H AN =) Br
— W W o g Ko BN ca w
e B R T =
T % o= U o ® I o= o oK
BT w Ty g B e WL
I of T < Hoox = 2 2 om o N
S o) %o B Do = % o 5 oo
— T A S ~ 5 B e
s W o T MR R S o+ X £ 8 B
oo M 5 o Moo & o= X o d R
e fony
= TR . M oy i 2 _ ol m ° ~u G
I T S % - B2 7w
alo W o = = = ot Mo o) = 3 WE 5 i
TR o Mro o X° = by g S s m_. : W W > " z
: o o ) o ﬂ_Tﬂ
X w o A o o 2o A2 oﬁv o
H ol m_ﬂ.o J) NOWoop MA_M o ..m (- m oo o WD
ol e~ Al ~ kg ° 2 & |
B X o W= ~ S e R
T = I G T o g g
Hr R kR Nom X g R e ®xmoor = o) B o
f 1=
H odp - n - G Lnxno o ) < Y e 1
oo A %Hﬁﬂuabmi_mﬂ ﬂ%%aﬁ@;ﬁ?
< @ X = M o8 o W S -
<< K T 2 ~ T = BB W N ol J) )
Yy B X EE T & —_ OM [ LI
| Tt 2 o =9 o 8Nk
K B o= %0 B = ° T oS
oy moo s b o g X or ©
E oA e | E o 85 5 %
o o = ﬂ o > — w
=~ _ %o ~ o o 0| o = oy o]
g = om T - moﬂﬂﬂlﬂﬂo_
2 ™ e T H 5 sl o ° ~ = F
Ew oo m oo L T T s T
2 L F o — = 5 2 X
= o = & M ) o 4 ~
5 - ) [ o :i o N iu N
m oW w:Aro o#o X &o m ,.m—ly 1,r|@| O_ —_ o F e 3
r e Hoy 2w G S R
ﬁ = oy W e o~ = ¢} o
e fo ) o [ JJ ey \myl A =
oDy e B 5y ™ o N o — N o
e o = SR A
X N S = o] 2 Po < s
oo W o i O 5 o o H
~ I N2 G g T kg 7
— oy ujy - G A
0 o_a il . ;H o . m-ﬂ = = T M —
iy S 2 & g g N g o)) o
w P et iee fx e T
o R U oo
oS < S

- 24 -



21 293 T2 794 FFolgtn REU. Iy R E FHEL EYF
&3 3}etd FFo] HAd Aot (Summers et al, 1988). Table 2.6°1 4 & &7

4 g3 B4 FHe] AolAe e Aol

Table 2.6. Characteristics of Physical and Chemisorption

Physical adsorption Chemical adsorption
Temperature Low temperature High temperature
Adsorbent An-selectivity Selectivity
Adsorption ) )
Heat of condensation Heat of reaction
of heat
Adsorption/ o .
) Reversibility Irreversible
Desorption
Adsorption
) Fast Slow
velocity

A4 2wdto A FaRAY F2AE Alolo F 2 Y (adsorption equilibrium) <]
A E F25 & (isotherm equilibrium)o]#tx H=2+=d A9 F2e FAEo

REWA, AFTE, BAHY 59 FAAY 540 249 394 44, £a49 2

0~1500m'/g)ell 98t F&H= A=7E SeAY 59 27l= AAsE = =49
229 =7)o] wEl micropore, macropore® FiEate] A&t MAFTE
(micropore, 2nme]3d})el 7% phenol, THMs¥ #Z& Ex ko] & QA EA A A
of Al ™ Zd¥=(macropore, 50nme®]*)2] $ol = humic acid, fulvic acid<}
22 Al & NOMEA Y AAE A 85 e 2] 4FsiA o] o
A Y ARV 2l @AY g¥e] sl JgEd des FHEe
gkt

Fou g Rl EA waA R FREHE

ks

B>

¢

kA
ri

o

b geAed AEHA faE
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Z] 2l (mass balance)2
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A 222 ¥ 9¢dEA(single solute)d} &2
(multi solute)?] A%= yUFoxtt @Y &4 (single solute)oll ©l 3t isotherm model

& Freundlich, Langmuir, BET &2]% o]
isotherm model extended langmuir, Ideal Adsorbed Solution Theory(IAST)% ©]
4382 & Henry's law £+ A8 =

gk B AR FHA BE Y 49T FHYI =
zd 1 % 9

d (linear model) = % &

73

t
rir
ot

BAEE o4

flo

Nom EBF=EA(multi solute)o] o gk

qa= K,C (2-8)
4714 q - BHFA ngelA FHAY Fr
C=3FgelA A4ax FHA9 55

o] g3 S FHETE B Z ¢l 2] (Irreversible

model) &
AR e F Aoy @At genz 99
T AS vg ez st A dHA

o] A% 1 9+=4d Langmuir® Freundlich?]

= A3 2 (linear model) o] §3+t},
S

Langmuir model (2-7)¥ Freundlich model (2-8)

e e 2.

ML (2-9)

= 1+ ¢
a=KCc" (2-10)
A71A, g = FHFNA g FHE v
C=Hygguor I T4 7=
b, ¢ = Langmuir 4

K, 1/n = Freundlich %

Langmuird] ol A Q& F2HA 1o T ExZo 5
Z(C)7F St wEk S (@2 Au#Ge JeEldg. ¢ be FFAUA
2 bgt= 7 A AT Freundlichd & Adx o =g
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2 Uehdrh o9k ##ste] Narkis® Rebhun (1977)& 7154 & EAFo] &

fulvic acid® 7 %7} vl # EzF#o] & humic acid Bt #3 29 AsE wE= A

o2 B3

Table 2.7. Comparison of alum coagulation dilute clay suspensions and humic

substances

Dilute clay suspension

Optimum coagulation pH 6.5-7.5

Independence of pH on minimal residual turbidity

Increase in clay concentration results in the decrease in coagulant dose

Coagulant dosage, optimum pH depend on the presence of humic substance

Humic substances

Optimum coagulation pH 5-6

Dependence of pH on minimal residual TOC

Increase in TOC results in the decrease in coagulant dose

Coagulant dosage, optimum pH are independent on the presence of clay

R

Raw water

Particle —» Destabilization
Coagulation
Transformation

Organic (organic » particle)

4

—» Flocculation

\ 4

4

Fig. 2.5. Particle and Organic matters coagulation and removal.
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o1&t 71 &2 AAe & mechanismS AFAT e A=A AAd 9l
Tastth AA AFAgel doAA FrIE] AACd BT TAxAAAE g8 7HA
°] AA mechanisme] 2r&3stH ofd A9 F7lE AAd oAM= F7IE A
mechanismo] A= FHH7|= v ol F7I=9 AACd w2714 9
mechanism< ¥ EH 33 o}

1) Precipitation of Metal-Humic Substance Complexes
“47% 94 (Precipitation)” o] & §gel A Relbsd Ao EAste 4o

S 2an S AAdRIEde S8 oM HAd=FAold S FHol2
g4

S Wi Jd¥ fr7] ligande Fol2A #H3E 9 v Al 7t A AA
7174 wkgo o sto] 3t §HE (complexation)o] FA O S FASE W HA
Eol PAE o2l ¢ metal-humate 23t E FA4o o AAE FAL FAistn
FE(AI(OH)3)9 A HUTE o 92 pHolA o] F o2t Dempsey et al(1984)°]
g AF A w2 334 T dojvkes AHAE FA RE&ol ot AAH

=
YA =277h Aol FAe @A ot ot & AAY F Aty et of
24 FHE e YAe 9F BRolsy AREA FEAgel I FAE

Al(OH)3 9k &7 S-- =] JAd 7bed 2719 floce= dA €t

2) Adsoption of humic Substances onto Solid Hydroxide Precipitates

pH7} =74 Abgd S8A FdFe]l 8BS 4% ANOH)07F Bel A Ho &
=4 7= oly [Al-humate] 23}¢&o] AIOH)3gEHol 24 F2Fo] dojdtt
Dempsey (1989)¢] ol Al AIOH)3 FWHolA fulvic acidd F =& Al-fulvic acid
A gte A wbe R 16wy sty diEel EdAdd frle AAE HeiA =
&l o 4 vty Fel A &4 pH WA 7 T a8 A8 skl

7l atel FHol ofFojA HTHome= WAAF nF = AllOH) Hd =l
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F71E FFoRA F71EY o] o]FofFE ¢+ Utk 91714 monomeric Al
(ID<F %=+ polymeric AIINF# F71=9 ¥ 18 =9 Al(OH)3 I H=HT=
w2 A o] Fojxm ole] uwel ANID-F7IES] HsFEC wE AHEo] FAEM,
T ol 1HEQA AIOH)e HAEA F2e] o]Fo]d 4 vt 53] A% 1
TOCS AF952 A4S JAHEE= Al-humic FHAEL J Aol o) AA7F §o]3
Z floce 2 FAH7] ofHrh olgld 45 AIOH)s(s)ol 23 F2 & sweep floc

Aol o HAFTI=A] AAF 2EHL Aol

o
o

— > [HA + Monomeric Al] ¢

[HA + Polymeric Al]
Humi _
:[::zs Adsorption
Humics or interaction
~1 sec
OH ™ OH ~
Al** + H>0——>Al-Monomers —— Al-Polymers —— AI(OH) s
{10™* sec {1 sec ~.1‘+sec
e.g. Al(lOH) ~ e.g. Alz(OH):

AIOH 2" Alz (OH) ™

Fig. 2.6. Mechanisms for alum coagulation of humic substances (Dempsey, 1989).

il

d AR d S A

o

Edzwald¢} Van Benschoten (1990)9] 72 ¥}l wh +
colloid YA &4 SRt HAZ v pH WA o &40 o]FojAH
SHAZA alum3} PACIE A4 A% pH7F 55 F¥ollA+= 0.3 mg Al/mg DOC,
pH7} 7 Bol 4+ 1 mg Al/mg DOC7 doha stk ek f7lEe] AAE
A% SHol 299 mechanisme Ad53 2 F&H Z1glal sweep coagulationol
ofg AEH dA odte] o] FolAH, 53] {F7]E A= pHel s 559349

gepenos dojde & 4

B~
fo
T,
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A3F AR R H

o+
i)

31 45959 FA5H B4

|

e
o

of AbgE dae FAAY AadaE ol&Ha e HEA s wiE A

g 959 F£59 DOC T=E =ol7] 4

Germany)E AF£3lo] 30CAA FF3 555 ALt Table 3.1 Aol A}

|9 27H4 T/ dae 4 EAS YEdL Ao 354 47 2 w5ae &
9,] 2|

24 471249 AFe 257 5ol dAYRA

$] 5oy rotary evaporator(R205, Bchi,

O.
ot
o
o
k>
foh
_orL
N
]
_O|L
Q

Al

AR F L2 m filerd ol g3 YAYEAE AAT F 4

Table 3.1. Characteristics of raw water

_ Nakdong river Concentrated
Item Unit
water water
Temp. T 17~22 18~20
pH - 75~78 7.6
Before filter 45~10 6
Turbidity NTU
After filter 0.8~1.2 1
UVasy cm’! 0.051~0.062 0.1110
DOC mg/L 25~3.3 5.45
SUVA m '/mg/L 1.88~2.04 1.85
Alkalinity mg/L as CaCOs 40~50 45~50
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P

ddF71E54d (NOM)S 4274 =43 144 BE45 e8] 98
o] Amberlite XAD-8% XAD-4 44& o]g&ste] 0.IN HCL 0.IN NaOH, &=
cleaning A E Az ZHo AlFE FFHAZY. A]FE 045 um membrane filter2
A}A L F AFE pH 22 A thE Amberlite XAD-8 F3A At
Amberlite XAD-8 Aol &8 &4 01N NaOH 250 mL2 EHAA, 1 {&F
£ 0.IN HCISZ pH 12 4k 3t AA 241 WX F 0.2 ym membrane filterZ ¢
gtekel 1 o HE fulvic acid® FF3HA L, oA flol F& FFEE 0.1 N NaOH
250mLE fAAA 2 &AL humic acid®2 EF3 Gt (Yeh et al, 1993). 18 L
Amberlite XAD-4 £ hydrophilico. 2 ® /3% 3L, Amberlite
XAD-8% XAD-4
(Croue et al, 1999). & 44 T34 A #5452 4 mL/min2 2 FXA 59 o]y 2

7 A4S Fig. 3100 s =28 & ol

o

7kl zo]E  transphilice® EH3E 49

He

< F=

Acidified to pH 2
Filtered by 0.452m membrane filter

roTTo o Desorbed 250 mL 0.1 N NaOH
¥
XAD-8
: Adjusted to pH 1 with HCI
l - + Let settled for 2 hours
@ "
| Filtered thrlough 0.45:m membrane filter
h 4
XAD-4 Filtelrate Reslidue

| |
l Fulvic Acids Dissolved in 2f0 mL of 0.1N NaOH
[ryaoonic o

| @)(b) : Transphilic |

Fig. 3.1. Analytical procedure for natural organic matter

fractionation.
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322 BAF A7E EF

F71E B EF9UHS 274 parallel ultrafiltration®} series ultrafiltration®] 27}
A Wk o] 9lt}. Parallel ultrafiltratione A3 S AF£5+= Z+zbo] UF "o o] 35 of
FHhEE ATy 4718 S 54 E WRlolth. 182 series ultrafiltrations 3 =

o] /b4 2 UFel 2el7 ARE BARes $39 277 48 UF vl a2 of

=
Wsto] fFrlE Fe SASE ot EFHYH T oseries ultrafiltration WS Al
go wrEAlg o7 od) 299 JlsAo] OB R parallel ultrafiltration MH < o
WA o 2 Abgskar gl

F71Ee BEAg BEEAY Hol AFE 045 m oA R o sle] Ao ALEE A
o}, dubAel BExg BEIX AL Logan and Jiang (1990)o] o &ted Alctd Wy oz
A8kt MWCO7ZF 1, 10, 100 kDa 3% UF=(Millipore, U.S.A)S ©] &3}
A REXEAS SAGAT
2R wiAls % ZWelAe §49 Frggolt. ol o#rt dojus F

o] 3}zl (retentate)] TEFT7FeE  FWHAAA §Ho Tk FrhR st 2o
MWCO Hrtp #& 22452 cell ¢t gFHAY FaHA XA wehA e
MWCO Ht} 2e &2} & A==}

Al M= 2te] mjAlE mestolof @k UFY S o] 8¢ 2A% X482 2ol ujA
(rejection)®] @S AH3E Logan-Jiang methodE o] €39t (Logan and Jiang,
1990). &+ A& 9} AlE 5= 93t o3} 4 (permeation coefficient) P& o3 #
=3

il
lo,
(1
i
2
rO
off
k1
i
-
_orL
N
2

P= <, (3-1)

A7l Gyt AR &

=
Gt olnael FE

o3t g5t 2 AEsh we] mel Asm AP At e MWCO urh & 2
AEe olmpzad A FEH oA Wi oFt ABAEE i FEE F7h

@b mebd o Wel BAe A% ol whel MWCO wth A& dn] BA%ES
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M BEA-Y TR, Cos AAS okt ok wElA AMWD(apparent molecular weight
distribution)= AH&5 & o] £F MWCS A9 Co7t AR E Fol Abs ozl
Logan and Jiang (1990)2 o349 FE9 i HIE o]&3sto A= P)
Cros AAd7] skl 2 (3-2)& A A st

nC,=n(PC,,+(P-1) - InF (3-2)
oA71A Cp t AT F=
F:1-(of3d Asg/z27] A=)

P9 Crol #E In(CHe In(FHE AdHo=z plotste] +8 ¢ dod, (P-1)3}
In(PCo)e 22t 7145719 AdAow gddg, Faz ¢ golA orbg AL o] &3]
=

= =Ry =1
A BEXE 44

rot

C o(ZMW_ Cm(/MW (3,3)
Initial sample concentration

0=

g9 TE AL Standard methods (APHA, AWWA, WPCF, 1998)0l 1w} 3k

~

Al
=
o F4ol AHgE = FEEA F5 2 ¥ 247171 Table 329 2t

(1) DOC (Dissolved Organic Carbon)
FFo EAE FEY FEE AHFIE 1 ZA4stdoen, A3

& 918 TOC vial® ZEA AAlon 4% £718 4¥e 2% A%

2
<
N
o

o:
o]
olt

d

<
)
o

THFZ AAETF AL AY. EHL CsH;5KOs4 (anhydrous potassium
biphthalate)9} Na:COs; (anhydrous sodium carbonate), NaHCOsz (anhydrous

(
sodium bicarbonate)E X T & Mo 2 A&t 247 TC ICY HHEFHES HAH

A=z AT F 4 AdAs AT As #4232 045 m membrane filter= o] 7}
gt AAjstdom €A Xd A Hi dir)ed =94 FEF sl 4T

_37_



ERE

(2) UVass (UV 254 nm absorbance, cm ')

oy F71e43gE S0 =FolA lignin, tannin, humic =2 S92 dgz =43
t}h oo]g e FreATEA LS 200~400 nme] A A FIelM Ho FFHEE U
Efuict o3k AlA S We= 3135 2 (aromatic substances), ¥ 3 X Z 39t
& 2 (unsaturated aliphatic compounds), £3* W= 318 & (saturated aliphatic
compounds) 5 ®A& LTt o]F AT oY AFE 1 Uv EFE LS
Frete Aol AT, o]yt o] f witel UV-254 nm7t UV §3=X& ZAAs
d fF71EZe RHadHE Yo r FAHS =Y Bel od¥Ha Utk AlsEE
Type A/E Glass Fiber Filter (Gelman Science)ES Al-&3to] o 33k

cell& AFg3to] 34 254 nmoll Al spectrophotometerS Al-g3to] =4 a9},

(3) Specific UV Absorbance (SUVA: UV3s4/DOC ratio)

AT B ARy BHFolF 23 (conjugated double bond) T EE THA =
F718gE2 A9 (UV)ES Fstes A2S 7FA2 v whebA 254 nme] 3%
A e UVEF#HE+ humic substancess T3 A5 DOCHFA il AL&-317] el
FIA ol heg AW ot o]o] we UVE#

SUVA)E UVERE (m )/m DOCE YeEhUE #towA #7189 5443t 2 A7
AEE el 788 AxZ= AHSHT A

J

av)

T ¥] (specific UV absorbance,

(4) =
HACH, 2100P B = A2 A&3F0] 0~4000 NTUY ZFgAoz AHEHASE ZA s
R 2 2 mrdez I T gL E FAHSAY. T cell WY XA F

5
= = =]
HEg 2499

=
ostH celld £E0° & ¢

o
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Table 3.2. Analytical method and instruments

Item Unit Analytical method and instruments
Jar—test - Jar tester (Phipps & Bird, Model 7790-500)
pH - pH meter (METTLER DELTA 345)
Turbidity NTU Turbidimeter (HACH, 2100P)
Combustion/non-dispersive infrared gas
TOC (DOC) mg/L analysis method
(TOC Analyzer, Model TOC-5000, SHIMADZU)
UVasy om UV -Spectrophotometer (UV-2501PC, SHIMADZU)

Particle counter

Particle sizing system (Model 770 Accusizer)
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34 PAC &% AF

311 525 &4 ¥ (Isotherm test)

EAL Table 339 23, J=EFE= Fig. 3.2 % Table 34 2v. S25x49

BN

9] stock solution(10,000mg/L)S Al Z3lo] 2ol AF§ 3}t

HA FAYTFE TFot7] st ARl A AFE bottled PACE 12,5, 25, 50, 75,
100, 200 mg/L& 27 Fiste] 4@ S A=, PACY F&x

Y& 20C T4 shakers o]&3to] 100 rpme] SEZ wWRkS A|AFNOH, A8

= AzE R 79712 A FH sl EAEAT. A5 BA4LE 045 um membrane filterS

Agstel RTBYEE AAT F DOCE =459

Table 3.3. Characteristics of PAC

Unit Coal Coconut Wood

Todine value mg/g 1016 1163 937
MB adsorption mL/g 256 245 250
Specific surface area mg/g 1100 1230 1350
Total pore volume cc/g 0.548 0.495 1.031
Mean pore diameter A 23 18 28
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7 T T lllllll T T lllllll T T L

Coal base
6 Coconut base 7\ 7]
- ——— Wood base

PAC volume (%)

Particle diameter (um)

Fig. 3.2. Particle size distribution of PAC.

Table. 3.4. Particle size of PAC

Unit Coal Coconut Wood
Mean diameter m 12.84 14.13 15.01
Median diameter om 10.35 11.34 13.74
Mode diameter £ 10.29 12.40 16.40
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3.1.2 Batch 29d #X

oL &0 A7+ Jardd 254" x76%cm A7]19 paddle(two-blade)? U#HA#E A&
o] PACY ¥=5 Z7z 10, 25, 50, 75, 100 mg/L7tA @A Aoz W3 A7 o

PACS 99 9 £F HeE FAsF7 $18te] G=100 sec 'o WP wyt
Ly

2 of 7oz ARE AAGYen], AAD ARE 045
um membrane filter® Al&3teo] EZIAES AAS T A5 BN, A3

r
L

21cm 10cm

:2.54cm

-

|
5

il
"
8
N
.
]
LS
ks
s
.
.
k]
A
'3
x
.
s
s k]
¢ hl
ks
ks
-
=
o]

Vo e sampling
port

Fig. 3.3. Schematic diagram of jar and paddle used for the test of

adsorption Kinetics.
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5.1 433 (Dead-end flow) &9 o3} X

BooAFo] AFE3E W& milliporeAtoll A Alzd Aoz A AE 76 mm, UHEFH
454x10° m°9l % o, AERe AL 01~15 molv % AAF F
7= 50~250um°]5]'. aglx FFA7)7F 100 kDao] L hydrophilic Al 2 ¢ regenerated
cellulose(YM100, Millipore, U.S.A)E A& 3} %t}

=

ﬁ

wE B Ao ALg¥H  batch type UF membrane A= 2433 = Fig. 34
of o, Aavt2E ol§38t9 1 bar9 A&dHoz AAHSA celld FU3HA
Fi} fluxe AAAES A4 HFEHE AL FHR59 FAEFS SA45to] A4 0}

4
vt m@ AARe BAA A4 Fotd 4GS gAaden, 24 A5 R
9 10%9 Fe JAASFE o §5Am, A AR 0
et g AAAAYG. £ fluxE FHEE AR4ALL o

1.00.2 7}A 3] 24 sa9 ).

ul
oo
ol
s
B\
o
ot
i
=
of¥
o

3.5.2 4 A4 (Cross—flow) 2|03} x|
B AFo] A3 cross flow UF&X & Fig. 359 Yegdtt. 4238 UFZX =
Agdd BHFSE (cross—flow velocity)S 2Z#3te] A A3 2™ membrane cell,
, rEARE A YUY Membrane cell& of SRR 1R E o 7
2N otm™R FAEH Jom FHYP L& cell A ofAREI SIFEY T3
of AEA Frh AF FUAL cell BAQ ofgRrRoz FYHo drUs =
Ay FHeA HY Fadrs S FHT Focell SIFREOE FhHEAT ALEE o
Fe P@Bgor o == JFE 10 em, AE 5 cm o1 FE 9 WAL
262x10° m® olt}. o] B}stE s EWA (cross-section area) 3.2x10° m
ol ¥oli 0Olcmelth 9 FZE= AR FUA AA9 WygE WAE7] 959
peristaltic HZE& ]3¢l pulse HAS HUYToz FAc}.

HAY gAY FAAAS] AL Hoge Fol/] Astel Fasdtn & & 9
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Pressure guage €P

Data collection
UF cell
o | o &
: ;i .......E
I ]
Membrane || [~ i
| L , EP Permeate i
b S : : > :
o @ v o
Nitrogengas  Solution reservoir Stirrer Balance
Fig 3.4. Schematics of batch type UF membrane filtration assembly.
PAC slurry
Concentiite Q Pressure gauge
Flow
meter Pressure gauge
Raw water

£ Pressure gauge
tank

Flow

Membrane Cell
meter

Permeate

Fig. 3.5. Schematics of cross-flow type UF membrane filtration assembly.
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KE F3t7] 91814 Ce=1¢] H& HolA K=q.7t =i, A9 71&715 SdllA I/n
s T F7F 9
Fig. 41& 9 PACY FT25#AFT Aol d+9 DOCFHFEE 3.20 mg/L
ojom, Ao ALEE PACY FYd=F2 27 125, 25, 50, 100, 200 mg/Le 2 3}
oo 20C e oA 7Y FF A¥S 3 A, 24 PACY dFdl diE
Freundlich 4% K¢ 1/ne 7t7} Table 413 7o] e, Table 41014 r'Ftol
098 o]do = o] dA=Z At A Uttt Freundlich 2ol A 4 Kabe #AwrA <l
g4t F25S YEUH, 1/ne SAAEY HEe A THodAe FadY
A9l FEXALEE YW=, Kol W FaTE SUMeA Ew wd 1/n9 #
TE o054 9}t (Letterman, 1999). wabA & Ao Algd 9
ol digt 2t PACY F&AEAHLS Kakel 0.02372 714 =31, 1/ngkel 1.26612 7+%
sre Au gAdwe FF g&o Mg F3 ouFo® Kg 00157, 1/n#k 1723620
L 0.0045, 1/n3k 35148% HeA et F2a &
o] 7bd "HolXtte A& & F AUtk ol olfe FF frIEde] HAE Adt
(charge)9} A e A FoAe EH AT} LA
al. (1999)2 R 133 tl. Bjelopavlic et al. (1999)2 & %
pH7} 4 FZollde R dsizt 0 B0z Yepdxet £39 pHrt 57185

Y

olN
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7

(e}

o,
Y
X
=
oX,
u}
o,
BN
aj
o
o
g
~
=N

% 24
Hol e SAHGE HE Addn BASL Yon, oAU A A F
$E £%9 pH/l AAANMNE FASE AR, pHrt 485E WA FaE
of BeA @AW Wb ol pH 7 FolAE ERA 0 Fow zAEAY

H
o Bustgot. webA, chloroform® 2& 59 F7]/24dEL FARZY pHolA =

SAEE AR o] BaA Ade A E G zudEiey 7 4=
Aol whtg o g Qlste] FAGo] wig WA dehues AoR ATHAT HEA
Aol o ojg g Ayes GAE A AleE w=s 24 SH(activation) A
oM ofAtAY HetA A A$E HE TV (steam)E FAFA AN AT A

olgl olol oA BAE AlTolA e FH A WS Aolrp AT Ao Hd
.

T, 2" xHdstrh Ao FARE opAAe A MY frlEd &
e Wbl s AgA gAdde] friede] 2ol Fad S0 ofAA 24

& B 2esto] NOMO &3 Al Aol v a3 Aoz H7hE AT (£, 2005).
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® Coal base

—~ 01F © Coconutbase ////// |
g . Wood b ]
% g v ood base % :
E B =
= - //ﬁ ]
= | 7¢7; ]
= //
2 [ q,=00237Ct* Pg 1
5 VAR
:% 0.01 | //’/(5 V/ q. = 0.0045(:93_5148 -
5 [ Va4 / .
° I ARV :
< i /S / I

/ﬁe - O_M57Cel.723)§

-/ / / 1
I YA | | Ly 111
0.1 1 10

Equilibrium concentration (C,), (mg/L)

Fig. 4.1. Adsorption isotherm of raw water using different
PAC.

Table 4.1. Freundlich adsorption isotherm constants at different PAC

K 2
PAC 1/n r
(mg/mg)/(L/mg)
Coal base 0.0237 1.2651 0.9855
Coconut base 0.0157 1.7236 0.9967
Wood base 0.0045 3.5148 0.9975
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(Batch type kinetic test)
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1.2 T T T T T T T T T

Coal base —&—— 50mg/L (DOC)

1.08 Q- 100mg/L (DOC) ]
——-w——— 50mg/L (UV254)
-\'\\ — A — 100mg/L (UVasy)

UV,,, & DOC (C/C,)

0.0 + t + t + t + 1 +

0.0 L | L | L | L | L
0 50 100 150 200 250

Mixing intensity (sec'l)

Fig. 4.2. Effect of mixing intensity on DOC and UVasy

removal efficiency of PAC.
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Fig. 4.3. Batch Kkinetic test for the adsorption of NOM using PAC (A) DOC, (B)
UVoss.
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42 PAC-UF %t&¢ 549 32§

4.2.1 PAC-UF %&£ ¥ ¥A4dA PAC7t 3 fluxel "X & 9F

PAC-UF #e] Aol oA PACAHA o3 F3 fluxe 43S &lstr] et
of Mg, ofAAl, H&A PACS s =F 24 100 mg/L, 200 mg/L=Z 8tof &9
H% F UF 9 573 fluxE #&35t00. 43 A3 Fig. 4404 B vk Zo] 7
PACY FH % FdZFol web o] mWel foulings fdshAl i &5 Fib
fluxet 719 FAbsHAl ety UF 22 e]l &dol dolA T3 fluxel @3] e A

o2 FaEY.

422 UF 34 A PAC 9 Fd m& £33 flux 1@
FA ANT FEERLYH FAE G

Al
=
AR A AEA GV 1Y FEE FHREE AT AS

shel @ 4 9T eI PACY A mE %3} fluxe] Wit gl Aew v
s meq UF st gAel dAZeA PAC A& A Aw

TAZE G=100 sec 'olA 308 HEF T 9 B fluxt §71E AA EE&S A

FQ@ we W g3 A £3) fluxE UEd Ao, Fig. 468 &
e AA AEE Y 2 A3 A PAC F+Y %2 50, 75, 100 mg/L= 3%

Fig. 4590 4% PAC F4 %ol met 5ol el T3} fluxs] F747 o] FoiA4 &g
& UehNgla, Fig. 466145 PAC F ol weh §71%9 AA&] ¥ tehg
=, PAC 100 mg/LE 95 HZF = UF 34 A& A 60 % ol =2 AAE
vt Ao PAC FUBel wet §718 AAES ¥A dugon T

flux®= Y7o b8 S7F7F A9 o] Foy XA okt o= PAC +4 A& A 2 3
fluxell JFS v A= EZ AA A9 o]FofAA &7 WEds & = Uk o
M or wode 824 {78 F hydrophilic® th hydrophobic & & o] o 247

>

3 hydrophobic = &M% fulvic acid®t humic acid’} F3 fluxs ¥ %ol T4
Atk Busa 9o} (schfer et al, 2000; 4 2002). wrekd PAC &4 Al AA
ZNEY AA &&L =04, F71E F FH fluxE %ol #TAAZIE & humic

=

acide] AA7F & HA &= Aow HeHo] It
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Fraction of initial flux (3/J,)

Fig.

Fraction of initial flux (3/J,)

1.2

1.0 QeB-=0-0-0-0=0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-B-5-5-8
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0.6
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0.2

0.0

Pure water

Coal 100mg/L
Coal 200mg/L
Coconut 100mg/L
Coconut 200mg/L
Wood 100mg/L
Wood 200mg/L

| L |

10 15

20

Operation time (min)

25

30

4.4. Effect of flux decline compared with PAC dosing

rare and pure water.

1.2

0.4

0.2

0.0

w/o PAC

PAC 50 mg/L
PAC 75 mg/L
PAC 100 mg/L

1 | 1

Fig. 4.5. Changes in

PAC doses

20

Operation time (min)

50

Flux of UF membrane under various
(PAC : coal base, MWCO : 100 kDa).
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80 DOC

60 -

40 |-

Removal efficiency (%)

20 -

o 7

w/o PAC PAC 50 mg/L PAC 75 mg/L PAC 100 mg/L

PAC dose (mg/L)

Fig. 4.6. Effect of PAC dosing on the removal of DOC and
UVas4 by PAC-UF process.

423 PAC-UF %&£ FA4dA dAL =29 9F

PAC-UF "ig &4 dofA dFFol EAsts 444 =49 T3 fluxel v
A FFE doetr] Yste] B2t 5 NTUY 959 942 1.2 m filter2 o] 33
0.8 NTU®| o35 ol&3ted 73 fluxs FA3HAth

Fig. 47& 9% 12 m filter2 prefilterst 7o} 4529 T3} fluxe] W&
Bhll Aom EAAZE 508 T T3 fluxe] Aolzt A9 vERA ol AEE (5
NTU)el A9 1.2 m o] 42 YA EH o] foulingol WX&E F&F g2 3oz Ag
Aot kA o] T3 fluxel 9FS vAE AL o

A FEC % FFgo]l o AA AEstE oR KAz

E E4RE £34 #78, pH, o274 %, ZF To] Jdo
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hydrophilic® t} hydrophobic & ¢] ¥ %3 % hydrophobic &Z A% fulvic acid
Bt humic acid7}b £ fluxE o ®ol #rAaAXYL Rus i 9 t(schfer et al,

2000).
Fig. 49 PACY =4 %S 47 50, 75, 100 mg/L=Z 3t 959 A5 {715
UEbd Ao m ofdppo] A o Hlgte] F71E AA vA F

& AASHE
4 JEhiE, olE PAC F3A 12 m ol4e] AR BASol 824 47

1.2 T l T l T l T l T

—@— UF alone (without particle)
1'06 \ -+@-- UF alone (with particle) -1

04 -1

Fraction of initial flux (3/J,)

02 -1

O. o 1 l 1 l 1 l 1 l 1
10 20 30 40 50

Operation time (min)

Fig. 4.7. Change in Flux of UF membrane with and without
particle under raw water condition (PAC : coal
base, MWCO : 100 kDa).
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— e— wiPAC
= cceceee O ....... PAC 50 mg/L -
———w——  PAC75mgl/L
02 —-—A.—-  PAC 100 mg/L
OO L l L l L l L l L
10 20 30 40 50

Operation time (min)

Fig. 4.8. Changes in Flux of UF membrane under various
PAC doses (PAC : coal base, MWCO : 100 kDa).
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Fig. 4.9. Effect of PAC dosing on DOC removal efficiency
by PAC-UF process.
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Fig. 4.12. Adsorption isotherm of raw water under various
pre-treatment (PAC : coal base, Alum dose : 0.05
mM).

Table 4.2. Freundlich adsorption isotherm constants at various pre—treatment
(PAC : coal base, Alum dose : 0.05 mM)

K

Pre-treatment 1/n r
(mg/mg)/(L/mg)
w/o Coag. 0.0237 1.2651 0.9855
After Coag. 0.0343 1.2879 0.9605
After En-Coag. 0.0561 0.9753 0.9692
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Fig. 4.13. Chages in flux of UF membrane with PAC (Alum
dose : 0.05 mM, pH : 7.28).
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Fig. 4.14. Effect of PAC dosing on DOC & UV removal
by PAC-UF process (Alum dose : 0.05 mM).
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44 2t AAE E 771 AA 54

44.1 959 &9 - 3834 EA

PAC9 &3 AAA AAE= F7189 S4S dotEi 2 fluxste] #AE
obi7] f8 A4 9 2 AAYAY H1E SAd did & AAskAn A
o A& dE5d d F71=4d9 £ - 384 5425 Table 433 Fig. 4.19, Fig.
4200 JdEFH AT, = - e 5SS frlE AdE 54 2 B EA

tete] Ztzh dEbl Y. NOMO #71= A4 542 244 =4 431 %, 3
4 402 %, AT =4 167 %= YGEwon, EAE & < 10 kDa 41.3

9%, 1-10 kDa 40.4 %, 10 kDa o]4Fo] 14.3 %= e} t& o H7]% 0] 10 kDa
MEe] AR BASE FAH Qi Aow e

Table 4.3. DOC contents of organic fractions and AMWD for raw water

Organic fraction DOC (%) AMWD DOC (%)
Fulvic acid 28.2 1 kDa > 413
Hydrophobic
Humic acid 14.9
1-10 kDa 40.4
Hydrophilic 40.2
. 10 kDa < 18.3
Transphilic 16.7
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Fig. 4.20. Distribution of AMWD fraction in raw water.
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Fig. 4.23. Flux decline of raw water through sequential

hydrophilic membranes (PAC dose :

Alum dose : 0.05 mM, pH : 55).

100 mg/L,

Table 4.4. UVas4 absorbance from sequential filtration test

40

DOC UVass
Feed water Sample i
(mg/L) (cm )
1st membrane feed 2.5 0.0483
Raw water 1st membrane permeate 2.14 0.0421
2nd membrane permeate 2.12 0.0404
1st membrane feed 1.14 0.0063
After PAC

1st membrane permeate 0.84 0.0048

(PAC dose : 100 mg/L)
2nd membrane permeate 0.82 0.0034
After En-Coag. 1st membrane feed 1.32 0.0250
(Alum dose : 0.05 mM, 1st membrane permeate 1.18 0.0221
pH 55) 2nd membrane permeate 1.17 0.0212
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Ay FFow of@ 7] wjFo (Tambo and Kamei, 1978; Edzwald, 1993) %3} &%
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Table 4.5. Flux recovery of UF membrane under various pretreatment condition

Recovery rate (%)

Process type After physical and

After physical washing . .
chemical washing

UF alone 90.97 96.15
PAC+UF 95.42 97.03
En-Coag.+UF 97.28 98.24
En-Coag.+PAC+UF 97.68 98.54
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