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Characterization of membrane fouling and permeate flux by

pretreatment process

Hyun-Sool Shin

Interdisciplinary program of Construction Engineering & Management, Graduate school,
Pukyong National University

Abstract

The objectives of this research were to (1) identify the membrane fouling
potential due to different fractions of NOM (2) correlate the
physicochemical properties of NOM and membranes with the adsorption of
humic substances on membrane The raw water was fractionated into
hydrophobic (HPO), transphilic (TPI), and hydrophilic portions (HPI) using
XAD resins. The raw water DOC contains 39% of hydrophilics, 43% of
hydrophobics, and 18% of transphilics. When fractionated NOM (natural
organic matter) was passed through hydrophilic membrane with 100kDa,
hydrophobic portion (HPO) caused the most fouling and hydrophilic portion
(HPI) caused the least fouling. This could be related to size and adsorption
capability of organics. Small sized organics would pass through membrane
pores, but large sized organics would be attracted to either membrane
pores or surface, which led to the fouling. An effect of membrane pore
size on membrane fouling is related to the availability of organics at
membrane pores. As the pore size became larger, the more organics were
transported into the membrane pore. Some organics caused pore blocking,
and others caused pore adsorption, which resulted in membrane fouling.
Membrane material is also important for membrane fouling. More fouling

occurred at hydrophobic membrane than hydrophilic membrane regardless

_ix_



of its pore size. Hydrophobic interaction caused more fouling at
hydrophobic membrane. The static adsorption test and adsorption test
showed that hydrophobic organics adsorbed much more quickly than
hydrophilic organics. In case of the effect of membrane properties on the
adsorption of organic fractions, the adsorption rate ratio(a) of hydrophobic
membrane was greater than that of hydrophilic membrane regardless of the
kind of organic fractions. This suggests that the UF membrane fouling
were occurred mainly by internal pore size decreasing due to adsorption of
organic into pore surface for hydrophobic membrane, and by sieving of
organics and forming a gel layer on the membrane surface for hydrophilic
membrane. In conclusion, the decrease in the pore volume, which was
caused by the organic adsorption into the internal pore, was greater with
the hydrophobic membrane than with the hydrophilic membrane. In case of
the effect of membrane properties on permeate flux, the rate of flux decline
for the hydrophobic membrane was significantly greater than that for the

hydrophilic membrane.
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HAA 7] %A (natural organic matter, NOM)S A5 Fo] &3+

71 SFEEA wg B3 548 AU Atk (Aoustin et al, 2001). I

ZA& F=Z humic substance®ZA] E E%3 5= st =439

AEoly T Al ZaE=FEH fdsts v B3 25 R /7] 3t

| tH(MacCarthy and Suffet, 1989). &3} humic substancet™ 2] & F ol A

¥ &= lignins¥ tanninse] #A7F S-S317d e 2]8}o] phenolic polymers”}

34 #th. EgH phenolic polymerse Aol AY & wAE9 diAMME T
Agsto] HAFEAY a2 frl=de dA4sHA H.

Humic substancesi= AdolA &EF7]&A(DOC)S] 50%E  2HA| 3t
dom Exz EX 9 500~10,000 dalton(Da)e] HHE XY Uch
Humic substance®] <t %=+ AAdAHE7]e] Aot o osto] 2¢4m,
TolA tAHE AEE EXSGERE FAR AL AATE AHHTE. £, FH
g FAAA it WgS E3lo] AEFAES IASA Fh(Krasner et
al., 1989).

Humic substancei= G4 pH ®H3lo] & 31 EAo 93] fulvic
acid, humic acid®} humin® 2 ¥ F ¥t} Fulvic acide =+ pH XA &=
of &34 o]al, humic acidi= 239 (< pH 2) = o€ &FHo &840
t}, 7283, Huming oW pH ZAAE Eo &3st# &=t} Fulvic acid
o BxaEe Ay oz 50004 2,000 daltone] ¥W$o]al humic acidi= 2,000
dalton ©]4¢ & EA%S 7FXtH(Thurman et al, 1982). Y¥FA © & humic
substances® 80%+= fulvic acid® 7% ™ 20%+ humic acid® -4 % ©
UTH sHAIFE o] gt {F7]E9 FE= AMEete A FAEAC wet v

37 e sl



thEe 4 I stet4 71eS B8kl humic substanceE A eFaL
U= ZAE7lel gk A7F wWeol s gkvh (Miano et al, 1988; Day et
al., 1991; Aiken and Leenheer, 1993; Korshin et al., 1997). | Z oA A=
+ soil humus®} peatd] T84 ZFZol= HAROoZHE Fdd AA Fe
528 718 gEel o8] e vh(Hall and Packham, 1965). 282 EX
A g FIERY

ol FREel

O

e

3} 3}

=

rr

el humic substance= cellulose®} lignins
&

stth(Malcolm, 1985). st oy 4 T3 &

)

5
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autochthonous FYEZAL 7§33 S5olA HE LAY (Steinberg and
Muenster, 1985), 44 & 2 25Y 8 gtth(Malcolm, 1985).

Humic substance®] T3d4&E2 249 fraiet F=0Hol wel ohdsiot
ApAgo] §E5 o] JE humic substancets oFv] =AMy & x| uFE wl wbek
= 2719 EEE0] o™ (MacCarthy and Suffet, 1989), H3F humic
substancex Th%3t F&ol 2ot} HE, aluminium¥} irond #3339 A3IE

3} AAFte] ¥k}t (Thurman et al., 1982).
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carbonyl, hydroxyl group= A4 il )t (Thurman, 1985). =3+ humic acid&
ks ARol g8 o] :ou phenol”|7 B ®ol dHEo] glew fulvic
acidi= carboxyl7] S © %ol &3tar At} webA humic acid®] A9 fulvic
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al., 1985; Jacangelo et al, 1995, Adam et al, 1991, Hong & Elimelech,
1997, Wang et al., 2001; Laine et al., 1989). 3+ 212 pH W3slo] w&
o] gw] weh Buak, FeAk el FUom vk Buike

PH ZAo|A o a3, Fu4e pH 2 olske] Aolu} o " Lo

3

ka1
il

HE8&Aolth FHe ojw pH ZAAAE Ho| gafatx et FHulae B
e AP A oz 500004 2,000 dalton®] W ol™ (Thurman et al, 1982),
FEAL 2,000 dalton BT} TS BapeEe shzic

212 AIR/7IEY F25EA
T AAMN F71EZA L 254 S 7FA = humic acid, fulvic acid®} %<

A4S 7FA = non-humic substance(o}n) =4k, thelz - AR 7}53Ek 3 skE
ZEFE F don, o5 Qs Table 21.13 o] uepd £ 9lrt
(Douglas et al, 1993; Edward et al., 1995).

Table 2.1.1 Characteristics of bulk natural organic matter

Fraction Species
Humic substance Humic acid _ _
_ _ _ Hydrophobic acids
(Hydrophobic) Fulvic acid
Nonhumic substance Hydrophilic acids Amin acids
B _ _ Proteins
(Hydrophilic) Biochemical Carbohydrates




Humic substancei= T3t pH ZZA3}o| A Eof tst &3fxo ue} zHz}t
2 AierE BERY + dow, &3k wel 7 ¥ humic substances
Table 2.1.29F ZtH(Swift, 1985). H <+ 9] 84 humic substance®] &F+
EE pH ZHAdA a4 fulvic acid®t pH 2 o]dloll A E-84<] humic
acid, 1811 E8&4< humine & Yt} Fulvic acide A5 oA &34
2 EAsta, I BAEY] F5 82 Fokg 93] Ao ¥ th(Leenheer
et al, 1989). =9 ML+ fulvic acidel] 98] 2% 1 (Wilson, 1959), fulvic
acid©= humic substance T 7H¢ T84 AEolB= thFE 9 AdAF FolA
humic acid Bt} o 2 FE 2 &gt} Fulvic acide W29 A
oA &% humic substance®] 90% BE=E A star dom YmA 10%+=

humic acid2 T4 %] At (Malcolm, 1985).

£
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o
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Table 2.1.2 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
Brown humic acid
presence 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




T NOM<S humic substance®} non-humic substance® Y& F Yo
™ humic substancetx™ AFAo] Zdle] &2 = Ho o8] AA7 Z T

HbH nonhumic substances I ¢Ado] Zrslt). o]

al
At S A Bl S st R4 dsls T Al ERE £
7} Fbsstth £ f71E Y ER e ol2usA ¢ XAD-8% XAD-4 FAE
AR AFAH BEAS E2FF £ vk pH 29 2AAA AFA

=22 XAD-8 Ao F3ol oy, F4d 71=2 NaOHell 9steo &

ZHo R, @d2d AFA 7715 S A humic acid®t fulvic acid®] &7+
TA] pH 2 o]3t2 2HA 3FAl 7 humic acide A D=2 A A 3t E7F3)
H, fulvic acide &E4 o2 EA8HA ko] & 7 3tk (Leenheer, 1981). X474

AL XAD-8 FAIE ol &t agdimda 27 ¥ XAD-4 A&

=
43t pH 2014 &2 o]t %%%E}(Leenheer, 1996). Table 2.1.3&

Table 2.1.3 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 -




213 AAF7IERAY FEEA

Humic substance®] +x+= Ael 93 XA %o} carbonyl, phenolic,
alcoholic, hydroxyl, carboxyl, methoxyl 2875 713 #e= a2 <
A QA Edward et al, 1995). 9% humic substance®] T8 #&7|+=
carboxyl acid, phenolic, hydroxyl, carbonyl groupl = FA%I Qo

(Thurman, 1985), 2% 4258 sulphonic”] 9 €A% Aw3sl¢dth. Humic

substances o4 humic acid®} fulvic acid A= B33 23 3E L2
ZFA ALl oA shgHEo|t) o) Ale] EAgERE WIS i 2 9d
A7y el A 2l 3 Feje]al, ti7l phenolic carboxyl #H-&71& A4

i %ol e o] pHel weba - A A3 (protonation)tt & kA A3}
(deprotonation)”} ¥ 4% At}

Humic® fulvic acide] AHd Z87]9 Fx2&= A2 FA-AA B 9
S MR o E 59, =2 HAFAE(10~-15 peg/mgC at pH 8.0 7IA
fulvic acide 92 A3 EE(5~10 peq/mgC at pH 8.0)E 7}Z humic acid
B} Hdstkgstel o3 skek4d g Fe]l H offrh. 53], hydrophilic acid®] 7
% pH 80 oA 45 peq/mgCel =2 FHAsE Fa o] S 23k A A7}
7V el EAoth AFrkAe ALY AFS Al humic substanced] FF
ol AT F3Fo EA8E DOCE humic® nonhumic substance® ©] o]

A A

F%o] £A3tE humic substance 8-S 2FA AAS 7 glo] F
oy} &l 9%k AAZF vl &o]skA|YE nonhumic substance -1t

o~

(hydrophilic acids, proteins, amino acids, carbohydrates)< XS0 24 A
FAYWY Ao o dg AelA ZA EAAEHA 2 A HDouglas et
al., 1993). 281}, <+ non-humic H#% humic & Rt} A dolfg =
33 DBPsE FA4E 4 vt ®Riuxi th(Hwang et al, 1999; Chang
et al, 2000b; Goslan et al., 2002; Kitis et al., 2002). L8] 32 non-humic §-#
& AR Aol 7FsFe] BDOC(Biodegradable dissolved organic carbon) -
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o & ¥FS A HuE 3 JrHCroué et al, 1997, Fahmi et al.,
2003). wekA nonhumic =22 FFAA o e ol A SHolA Y=

Ag-e] thAte] H i vt ¥ =R humic ¥%F oYz} nonhumic H#2o #
F oSk a3 ovE 7FXtH(Leenheer, 1985).

Frdd S NOMO| 2ALS f71Ede 43 287] Exo A 9T
= "R #®HeE A e f7E 2 59 stvbe ek Alekst dreEl g o)
o AAHANAN EEH= FolH, FE AWLOE ligning 79 oA &
A S SEe A AR A WHE EYeRRE &5 #UlEH
< FAANA FHE Ao ®A, lignin®] o] =AW, o] W lignine Wk
= 3= A4S Bol st dth webA, EdoA &E5d NOME

ol

%9 NOM Ht} W= 35S Bol &fdtal tHEdward et al, 1995).
Table 2.1.4% humic acid¢} fulvic acid®] 5745 YEHATE Table 2.1.490
Uehd 2879 540 wE humic substance®] U2 Aol B3I AFEE
B2 dFAEdA old stese L= H #F oldet=d Ewe FATH
MacCarthy and Suffet (1989)¢] 2] &} humic substance®] At AE 2

719 oFell wl#Egtttar gty AbA AR o] ¢ -2 humic substance

rJ
olr

= A4 SAe 7HAM wEeke] Aol #AA |tk Humic? fulvic
acide] A4 Ao FFS FUH o= Uth Humic acide o9 #A4%F F

M Al el Aa JAE FgF35ta, fulvic acide @9 EAT 2L ARo
AL 3 el HAAE g tH(Malcolm, 1985). ¥4 43
Ae o2 fulvic acid®] H A<l A2 o] CsHss03N(mol wt = 1,230) 0.2
Aektw ¥F 9 2™ (Abbt-Braun et al., 1989), "= Suwannee 2] fulvic acid
of thdt A2 0] CrH7r0sNoz(mol wt = 1,700)0] 2= Zlo] Algte nl Ut

_—

ot

i

M
_|>i
oft

(Thurman and Malcolm, 1983). Hydrophilic acid= fulvic acid®l] W]3} sugar
9} amino sugar’} #A|8}= HlF o] =T 3 fulvic acide humic acid X
T2 At EE 7HA A glow, EAEFo] #Fal, carboxyl”] @] $FEFo] ol

SA e} whgste] Ergs w7 7F o Hrh
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Humic acid+= fulvic acid Bt} &2+e] 277} 2w ko] =t} Humic
acid®] 74 €97= C, H, O, N, S, Pe]a, g4 FFako] 50% o] Folm, fulvic
acide At2E ol gfstar vk O, N, S ge9 7= 2d, dFvsdy
2o 3599 g4 FAHEA] ligand= g3t} o] fulvic acid®}t humic

=3

acide] 7| ET%E Fig. 2.1.17 Fig. 2.1.2°] velydet.

ot

rlo
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Table 2.1.4. Characterization of humic and fulvic acids

Composition Humic acid | Fulvic acid
C 55.94 54.56
H 413 497
Elemental @) 36.52 38.20
analysis N 1.27 0.87
(%) S 0.93 0.74
P 0.25 0.62
ash 1.13 0.86
0~55 ppm (C-C) 23 36
55~65 ppm (C-C) 8 8
Carbon
o 65~95 ppm (C'-C) 12 16
distribution :
95~110 ppm (anomeric) 4 3
CPMAS 110~145 &= 21 12
1Be NMR PPm(C=C)
%) 145~160 ppm (¢ -O) 9 5
’ 160~195 ppm (COOH) 16 16
195~225 ppm (C=0) 2 4
Carbon Aliphatic carbon (0 - 110) 47 63
(%) Aromatic carbon (110 - 160) 30 17
COOH (tiration) 47 6.4
COOH (”C NMR) 6.8 6.8
_ Carboxyl (°C NMR) 3.0 1.7
Functional 13
Methoxyl (C NMR) 34 34
groups _ 13
Alcoholic OH ("C NMR) 43 51
Phenolic OH (titration) 1.9 1.6
Phenolic OH (°C NMR) 39 21
Molecular weight 2000 ~3000 650~950
(radius of gyration) (~10 A) (~6 A)
Carbohydrate
below 10 below 5
(%)
Total nitrogen (as amino acids)
below 25 below 20

(%)
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Polyhetero Condensate

OH

H of Organic Matter \(
N\ 0
HC || CHs
| N,
~
HC i \C/Cﬂs
C
G 0
H,
Fig. 2.1.1. Structure of humiec acid.
OH 0
i Ohigy, L | > ¢ 0
HO— ¢ O--ex-- o=c¢ C—C------ o=c OH .7
ow
0
7 oYt e 2 1§ L T il _,OH
HO g P | * o RN
HO_ = cH OH OH o
. || ~oH :
ol 0 ;
4 : ' .
C ' O _O-------- 0
N
2 o <|3| OH ¢ c” o
OH—=C 0------ H—C e OH
© HO
o
c=0 c 2 .
| 0% oH =N P
§=° o c=0 OH OH OH
OH (IDH

Fig. 2.1.2. Structure of fulvic acid.
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1) A3 3E7]
T AdRF7IEAdAA FQ3 A #87]= carboxylic acids, enolic

hydrogens, and the phenol pairEe°]t}. o]g|3t #8759 F3 dHL

>
>
dlo

o] 9] &3t A, AESH AAE wid {7 &EEF7I
oA Fasith Ex# 500-20009] nEA EAS FUEAI 54 EF
Solgla R giE EA7=2 ¥¢sig oz ZAEL A3 Ag
718 7R, H7] 454, dEtgor AESY Ryt & Fx e £33
EGH AEY frlEcA ZldsiH, gEHEeE AstdAd S F3 Addr
FHEA o] g e olglel Az KE Sl (Ka)e e AEE JErd
t}.

]
o
=A% pH 70122, pKa 7 °]3te] {714k o]24el¥, pKa 7 o] H|o]
<2

golrh, meluw, AAH £ pHol

o)
s
il
lo
4
[
rlr
o
ro
o
it}
)
§2
o
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pKa
1.3
9.9
8.5
4.2

4.9
2.9, 44

1.2, 4.2

Table 2.1.5 The various pKa value on organic acid
Weak
Strong

Organic acid
Phenol
(Ortho to carboxyl)
Phenol
Phenol
(Ortho to halogen)
Diketone
Acetic acid
Benzoic acid
Phthalic acid
Oxalic acid

enolic 2]

AN
H

—_
"o

712

s

o]

A, 71t &

A

I
o
HH
il

)
_

714

[e)

i

7122 90%7}

ol

j

o HA Faole

-

1

o A ¥ pKa

=

=

]

7

)

—
fite)

ol

el
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R-CH=C(-OH)-R <> R-CH,-C(=0)-R-——-—-—---— (2-3)

F0e k2897 (carbonyl group)EH-E A% wj&-o &
25 Zreth Enolic”] 9F frAFSHAl HlEF OAES] Ates 7HE47] B
o oFstal pH 6-9914 vt pKas 2zt

)
5
il
N
o
4
T
N
&)
=
@)
5
<)
wn
i)
0
=
=
]
@)
2

Catechol Salloylis .-nid . Cresal

OH OH aM
@W @002" @/Cﬂb
pX, DKl v 9.8 PKl COME e 2.9 PRaIOMI1 9.0
pKalOHIg. 13 oK JOHI« 13

Fig. 2.1.5. Structure of Phenols

Fhel HE7E 7R 7bd Z(catechol)9] pKax 9.8 13¢]t}. dhute] ¥
=718 7hd Atk pKats 13, 38 E(cresol) 980t 59 FHE
< B =doln® ofgd #H=7]¢ pKa HH7F UEdH. HAsvie 7Y
A Fag #Agrleln, §EF7IAS 2-3 meqg/mg CE  HERHTH

()

_4
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R-CHz-OH---------====---=====---=(2-5)

o
olo
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2-87)

S7HA]

=]

HolM A7)

=1}
=]

Huew Ha9

tH, w2t

S

3)

&

o] &3l ®th(Fig. 2.1.7)

1™ Fig. 2.1.89] e
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Fig. 2.1.7. Relative aquaous solubility
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(im
CHy—CHy—OH CHy=— CH = COZH

Simple alcochol Hydroxy pcid

Fig. 2.1.8. Structure of sugar and hydroxy acid.

L o H =

Al 2g71E TS B2AR Fe AWE - PEE Aold) AFH A

1w

h=]
2oty F J7HA 279 dHEZALE7]E EXo FUEda AT Fi

Q. S
S e

Fig. 2.1.9. Structure of ether function group.

o A=Y dds=
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R-CO=COOH-----------====-=--- (2-6)

dHslE #ZE7= A FASY AEddA Fholeo] Bar 2 ed

A”.Q.
7 (Iﬂﬂo
7l
l H? o Hamlacsial
( Ko C == OH H .m Ll
\H--IC_ON i — HO— 2 Ic"'ﬂ-c.-li
HO=—C— H H oM c';u
‘:“loﬂ

Fig. 2.1.10. Structure of aldehyde

EES S

F}E2 719} A st Fig. 2.1.110] o) 28 X0l thate] vheh 2l



R~ Q= CHy

Aliphatic aster

Aromalic ester

Fig. 2.1.11. Structure of ester function group.
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Fig. 2.1.13. Structure of amino acid
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Fig. 2.1.14. The formation of zwitterion
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f

dAdr71=4de S WE2 o2 7EA7F Atk HI27HA AR E o 2 F

= W frleds ds AEsHA vrolA S48k B A

A el vk FFHd 54 WWHoRE Total Organic Carbon(TOC),

Dissolved Organic Carbon (DOC), UV absorbance (UVg,,), Assimilable

Organic Carbon (AOC), Biodegradable Dissolved Organic Carbon (BDOC)

ol i, g AEstd #frled A4S Ad wrledd 24 5S4 w
3

g oJeuBFAE 8T W

e

=9 Apparent Molecular Weight

|
do
N

1) o] 2 X9 o3 £ 57

XAD A+ A4 humic substance®] &5 ¢3¢ standard method=
A AerE) At (Thurman and Malcom, 1981). Humic acid¢} fulvic acid,
hydrophilic acid= XAD-8% XAD-4¢] e]& +2| ¥t} =, Hydrophobic acid
+ XAD-8 TR &# 5 i1, hydrophilic acid= XAD-4 FAd F2=+= A
A& o] &3t a3 71 dfk (Malcom, 1985). Ao F&d f71&82d
NaOHS ol &sto] FAlolA =2 A7t glom 75~100%¢] 3l&E&s H

At (Collins et al, 1986). ©]=&

A
Al AREE AL Qo o] ZulgkEA el o7 WS B2 wAlHS ZHHa 9l

O

U o2 AE AMRE FF FAE RSk IRl 2V Wi B

AlgEel vl F71Ee] FAI Al oste] o] 7ol pHe| Wale] uf



e
_0|L
rlr

=83 ARV "t (Amy et al, 1998; Chadik and Amy, 1987). <=3
g F Ao FrEe EAFAIE AAZE FHHoRr JgFS v H)
Humic¥ fulvic acide 384 53, &4 &2 nanofiltration 53 7

ol o8 oAl

rlo
of

2
X
i}
S
¥
o
2
2

3184  (ex; ozone, hydrogen
peroxide—-ozone, UV -catalyzed ozonation, UV-catalyzed hydrogen peroxide)
of oste] AR EdE HdekEo] e whg/do] ol DBP 4 A
AA7IH Mg AA et A €} (Sierka and Amy, 1985).

18- A" AVl BRE 2RV EA% X (Apparent
Molecular Weight Distribution: AMWD)¢] 73S Alg&3sl=d EA% ExXs=
ME e BAE A2 fE7t AMA A A7) 71257 die]
apparent’ #F o E . NOM ®A¢] %% pHSE o2 A& e

3
golo) zAdA BErle B¥E xEgd B AA5e FHoln of

il

=" Ao ool uwghd, Ape] EAwko] 1599490122 dalton
0.9997 A= T 33ttt A humic substance®] ¥AF=2 500~ 100,000

d FHLe #A5F He= humic substance?]
A 54, humic substance® HIA FAA AREE FANY "ot

(Thurman et al., 1982). dWrxo=w Rk EXZS =AHs= HHS gel

= O

M

permeation chromatography, ultrafiltration, vapor pressure osmometry,
freezing point depression, small-angle X-ray scattering %S¢ St}
(Thurman et al., 1982).

Gel permeation W& 2% =AHBUE Bx1o 272 A3 Ao 7}

74-9-1 Ultrafiltrationel] €] ®H S 3~5 mg/Le % WYX F&3H

A A ekl 5 Sl

Small-angle X-ray scattering< %<& ##] ¢ humic substance®] 3|4
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W Gl BAEY Z5 sHEEol i 3E v S Hlwgto A o
et o] A4 e A&l 2% A humic substanceo] o3 & e}
2w humic acid Aol FZol= olal fulvic acid A+°] 500~
2,000 dalton®] A= HAE 7IRdE AS UeEAY (Thurman et al,
1982). A humic acid= A fulvic acid Rt o & EAHS 7HAH
polydisperse system (&t} o]4F9] 314 7S 71X system)s FAsTh o]
e ] & =7]9 phenolic @ hydroxyl #8719} carboxyl ZH& 7] Z5-E
¥ttt Ho] Wt} Monodisperse system (9 34 w45 712 2)& A4
fulvic acidel A8t JEFAE= EAetx gon B HiA AL pH
9] gtgolt} (Wershaw and Pinckney, 1971). pH 125914 carboxyl¥}
phenolic #-&7]= o]&3tHal, wpebx o] 2E71E Atole] 4 AeS W
gt} Humic substance HEFAE oldd ZHslolA o 22 4 A7 %
o= T + AUtk

T3 AMWD= AE3 7Fedt w758 43 A9 ExF £F Ao
o A#AAAE AAs7] 98 S4E . AMWDE 7o 7 NOMol| g 54
= AFsa NOMe A4 BEHAEY HRE AT

FHES Axgs ol [ dEHa AJHAE gidl o 4T 47

_\7:1
K-y
)

P

L

o
i)
pIv
rlo
Mo
Y
ol
o

H |
uj o] A 7FsAdo] 4l =t} (Leisinger et al, 1981). Ex}&o] & 3}
B2 ga-Fuig 7eEs] vhgol o8] Ax wrelA o #Fe EAF SE
2 w3 jog o

3 UVERE % EF
NOMe| setd FAHe Sde mg, Ywsl Jreh $E, AmRiEe I
5o 9L AT FaF A% Fo| Fbolth RATEY WIS ARl

1} E3o]F 43 (conjugated double bond)T-%E 7HAE §7]33d 2 29
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A (UVESE Fste AES 7 ok webA 254 nme] 3l A e UV
F°4 %=+ humic substancess &3 &9 DOCEHA thal AR&sh7]e &34
olar 7teksk Aoty UVEd %= H] (specific UV absorbance, SUVA)+=
UVESFE (m)/mg DOCE YellE grozA f7189 SAWE 9 AAF
Bl 783 Ax= AHEE L vk Table 269 Aol v npet
#o] hydrophobic acid (53] humic and fulvic acids)E A8 oz R
SUVAZLS zH=t}h Reckhow et al. (1992)0] w2 -3 A odte] =&
SUVAZ#S 2= humic AES 70~80%<¢ DOC7F AA€ ¥+ hydrophilic
neutral ©] 74 @A 10%°¢ DOC7} Al A= Slth. Edwald ¢+ Van Benschoten
(1990) vefet o] SUVAZe SAS Fste] SUVAZS ®elol we
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NOMe] HE3|A A= SUVAZES 1,000 daltone] ] #71% 3hako] ub
gl gtet. 5, NOMe| HytEztso] F7hshe] we} SUVAgke]l S 7hgtch
SUVAZEo]l #& NOMe Aojdoz Aol <3 DOCAH A7t &olatt,
%, BAEgo] 2 s gEdMR
A A7) wjize] AEs|Fol golstth. 1 o 2A NOMS L&A

o P
A9 254 A

=

M
rlo

A4 JROE, IRAYF JRe ARAFOD AR

o] SUVAgte] duld oz vtolx i 1o wa} Asjdo] Frheint.

Table 2.6 Characteristics of NOM from Forge pond (Reckhow et al., 1992)

. Charges o
Fraction % of DOCx* AMWH# SUVA( m /mg C)
(1 eq/ mgC)

Hydrophobic

Humic Acid 7 70 B-10 6-6.5
Fulvic Acid 38 30 10-15 4-45
Weak 4 65 3 35
Bases 1°5 ND - <1
Neutrals 8 315 . <1
Hydrophilic

Acids 3 40 45 1
Bases 3 60 - 3
Neutrals 22 40 - 354

* Initial DOC of 6.6mg/L
# Apparent Molecular Weight as % of DOC
% Negative charge density at pH 8
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o3} (UF, Ultrafiltration), g% o] ¥(MF, Microfiltration) 1831 H{I2E 9]
83 ED (Electrodialysis)Z &/ ¥t (Buros, 1989; Marsh and Eriksson,
1988). Fig. 2212 Z7+e] #2da 4o &£ & & e &248 Yl
=
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Fig. 2.2.1 Membrane process for liquid separation
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(Mallevialle et al., 1996).
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#o] 10,000dalton ©]491 dHejofyt (UF)9t= F+E¥EY (Mallevialle et al,
1996).
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Table 2.2.1 Characteristics of Membrane operation

Process Mechanism ~ Exclusion | Regulated solutes rejected by process
Pathogens Organics Inorganics
EDR C 0.0001 m None None Most
RO S,D 0.0001/m C.B,V DBPPs, SOCs Most
NF S,D 0.001gm CBV DBPPs, SOCs Some
UF S 0.001/m CB,V None None
MF S 0.01/m CB None Non

Mechanism: C=chage, S=size exclusion, D=diffusion
Pathogens: C=cysts, B=bacteria, V=viruses
Organics: DBPPs=disinfection by—product precursors, SOCs=Synthetic Organic

Compounds
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Fig. 2.2.2 Schematic representation of the four principal membrane
modules : (a) plate and frame; (b) spiral module; (c)

tubular module; (d) hollow fiber.
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sogel % AY( R, FEW Aolazel AF AP RS FHH F

E(wel el W gt} (Cheryan, 1998). 18]a1, &J7]4 § & cakelor gel)
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transfort coefficient)©] t}.
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Aol gt specific resistance® F A H T} Kozeny equationel] &34 %
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lztE A E specific resistance™ T2 Zo} Ul 4 gtk

rob
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where, ¢ = cake®] porosity.
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Al(H, 0 AICOH)(H,0)Z"

Fig. 2.3.1 Deprotonation of the aquo aluminum ion. Initial step

in aluminum hydrolysis (Letterman, 1991).

Table 2.3.1 Equilibrium constants of aluminum hydrolysis

Reaction

log K (25C)

(1) AP’* + H,0 = AIOH*" + H'

(2) AI’" + 2H,0 — AI(OH)," + 2H"

(3) A" + 3H,0 = AI(OH)3 + 3H"

(4) AI’" + 4H,0 = AI(OH),~ + 4H"

(5) 2AI°" + 2H.0 = Al(OH),'" + 2H"

(6) 3AI’" + 4H.0 = Al;(OH)"" + 4H"

(7) 13A1°" + 28H,0 = Al;304(0OH)2"" + 32H
(8) AI(OH)3(am) = A" + 30H™

(9) AI(OH)35) = AI’" + 30H"

log K11 =—4.97

log K12 = —9.3

log K13 = —15.0
log K14 = —23.0
log Koo = —7.7

log K34 = —13.94
log Ki3, 32 = —98.73
log Kam = —31.5"
log Ko = —33.5

" From Dempsey (1984) ; others from Baes and Mesmer (1976).
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log [Al] in moles/L

0 1 2 3 4 5 6 7.8 9 10 11 12

Fig. 2.3.2 Solubility diagram for AI(OH)s, Monomeric and
polymeric Al species in equilibrium with Al(OH)s.
(From Dempsey, 1939).
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Fig. 2.3.3 Aluminum hydrolysis products (Letterman, 1991).
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9] polyacrylonitrile (PAN) AMAZ F=e] =Z7]= 0.01mo)y =HAAHES
10m®e]th. RO Z9% spiral wound & El¢] polyamide 2= FA =] glowH
o W HLe 74moln] FujAl e 994%0|E ROE A3 AgsE WH

.
W EEsE &z Zok A MFE 714 RO 3402 #9ste] 9
SRR

ofs
—_
x2
o

ol
rr

Table 3.1.1 Characteristics of raw water

Item Unit Concentrated waterl Concentrated water2

Temp. [© 18~20 18~20

pH - 7.2 7.2
Turbidity NTU 0.5 0.5

UVas4 cm ! 0.504—-0.612 0.168—0.314

TOC mg/L 20—25 5—-10

SUVA m~'/mg/L 2.45 3.14
Alkalinity mg/L as CaCOs 45~50 45~50
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ANEFe 953 455 AHgsden, gda7t 238 AlS 5 (with particle
sample)®] A5+ S dFE AAY glo] Td= AP AMEston,

1x}7b §lE Al Z 4 (without particle sample)d] Z2-$E 9% 942 GF/C

Table. 3.1.2 Characteristics of water samples used in this study

Item With particle sample  Without particle sample
pH = 793 8.09
Alkalinity  (mg/L) 77 82
Turbidity  (NTU) 9.15 0.66
DOC (mg/L) 3.23 5.18
Uv-254 (cm ') 0.04692 0.3201
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32 #71% Basey S48
3.2.1 #71& AdE EFEA

2 A E {F7IEdINOM)E 42574 =4 ¢ humic substance$t 54
&9l nonhumic substance® #2371 93t Amberlite XAD-8 A& ©]&
stk 2t FAE ARSI A AAle]l DOC7E - =7 wEell (¢F
1,000 mg/L), MA FA 2] AA e #85 A gt & APl AHEH FA e
AHL FAE 0.AN NaOH &l 2417k o] ©7F & 5 soxhlet FEHHAE
o] &3 Al AL, HEHE, oM EUEY, todoH =2, Wesso® 7t §ujE 24
AlZE E<t soxhlet FF3HH F 5Y &< AAETh FEA FA= HEs =
+ 0.IN NaOH &9 H#stth 715 Z75 st maggd vadd FAE
Zdde] FX3%e] +5, 0.IN NaOH, 0.IN HCle] o=z Zd {&59 DOC7}t
1 mg/L °l3t2 2 mw7tx] Ay 47]E 0 FHA 2tk (Thurman et al, 1931;
Leenheer, 1981). olu] ZHo] S3HE FA& Axd HEHZ Tl = AHH7| o
ol Agste < Aol% bed FaEol ®i8l 1 bed volume A5+ 53] 14
ot adla eA7F SxlE ZHe 2o AlSe] TS EE dml/mine 2 IA
Al FAIAIZTE FFol EAlstE NOMel A4 #d+= XAD4 4
(Amberlite XAD-4, Supelco, U.S.A)2} XAD-8
Supelco, US.A)E o]&3le] = NOM<S A4 (hydrophobic fraction:
HPO), %154 (hydrophilic fraction: HPI) % ®WHH A (transphilic fraction:
TPD) NOMo =2 Z#dtsirt. XAD-8 S F&d 25 01 N-NaOH=

22471 AL 254 2Z(HPO), XAD-8 FAZ 335t U 552 ¢
Al XAD-4 47} 39 Ads SHAA FAC FHAEA gal A 2
FE=5E 154 NOMMEPDelth ®gh XAD-4 FA¢ F2d Fi5 01
N-NaOH= ©2A17l A w44 #7]1=(TPDol#t &1, 01 N-NaOH=
SB2A 7l AL %ol wE5A (Amberite IRC-50, Rohm & Haas, France)&
o &3ato] &4 F Nat+ o] A% 5 Aol AR&sidvt. 2% NOM
< B o3 ddS fste] 59 DOC $=5 2 mg/L F2ox xdse
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) 7171848 ol g8 BAY HE 54

Tl EFE NOMe #A% F¥+= high performance size exclusion
chromatography (HPSEC)E A}-&3te] #2439tk HPSECE= Zo] 30 cm, U
7ol 0.8 cm&l TSK-50S(Toyopearl HW 50S, 30 um resin, separation range:
< 5x106 Da) Z¥ ¥ UV detector(SPD-6A, Shimadzu, Japan)”} Zzte
HPLC(LC600, Shimadzu, Japan)E AF-&3}$3 T}

2) grojoftupg o] g3

FHHe A4 Parallel  Ultrafiltration®  Series

=
54

M
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>

Ei

ol
M

F71E 24
Ultrafiltration®] 27}%] ®H©o] 1t} Parallel Ultrafiltration= A5 & AF&-5 &
Z}zko] UF "ol] o 3&o} 3= AlF9 #F7l& Fs S8 WHolH
Series Ultrafiltration+= & =7©
o) A717F &L UF %ol A= ofdste] #7]1= F& SAst= Wiolt.
Series Ultrafiltration=> Al 22| HIEAl &0 & 9l QA9 7leAle] Form=
Parallel Ultrafiltration & W& o= o] ALgstal Qo) {7189 4
g EEXAY Ho AFE 04om ZHE AZste] Ay ALEstHorn
¢l A
2AAEE Y. MWCO (molecular weight cutoffs) 500 3,000 10,000 30,000Da
(YCO05, YM3, YMI10, YM30)¢] 4F <] UF%E o8t 2% 2x54%

24590, UFeHe o83 BA% BxA8e vhel wAl (rejection)®] 3%
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A3t Logan-JiangH & ©]|&3t9th (Logan and Jiang, 1990). =}
Al = B FH A &40 srgtgolt ol o3t dojus §9
Zh (Retentate) 9] =5 7ket v oA &2 Fx F7IZ Asle] =he
MWCOR Y 22 ZA5E cell St FF5HAY T3 HA 3o} whohA
o] MWCOR. T 22 59 A4A v%=& F35t7] o5 #A&gd &
55 o] M= o] wiAle aeldteof gtk 4 Aok AMEE =

o

_72_



y}o] o] 3} A}4=(Permeation Coefficient) pe the-3 7Th,

ofpdae 2 Algek el dis] dAsida 7hAd . 2] MWCORt
A2 BAES AR Rd A FHEHAXT] o] At IAPEFF o
o) "ol MWCOXR.tF =t
Coe AARsort gtk uhEkA
AMWD (Apparent molecular weight distribution):= AM&%¥+ 9o FF
MWCset A€ ¢, 7F 2788 Fol AldkE o] xtt. Logan and Jiang (1990)
2 Ao FES A3 S ol &ste] ARGF(pe ¢, ,E AAsI
fsted 2 (3-2)& AASFAT

InC,=Wm(PC,,)+ (P-1)+nF. """~~~ (3-2)

A7 ¢, Aol FE

Fl-(o3td A sd/27] NE)

Pt C,, o #2 In(c)st m(pE dIHez plotste] 72 5 3low
(P—1D) I(pPC,)= A 71e71k ddew gddr 7 ¢, #helA
.

ro

oFelA & ol gale] BAY BEE AA
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CiMW—C GMW (3-3)

Ciin= Initial sample concentration

£ of 3-4mg/LE 3|ANdtel Argstgon Ay w49 A

AE fste] 0.45mE o] &ste] o #g$ pH 7= A}

>

3) 160mLe A=E odFyst=d v 20mL o FAultt 5mLE A 2o
1 YW A 156mE DOCE =A%k 7719 15mL Al 87} ®o]al 5mLA

mobl BmLel A5sh duzk Bk Agel ofw o 20mL BT o)

il
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G2 4
3.3.1 433 (Dead-end flow) &g &

g o]&3te] 2 bare FHUYHEOR 300 mL &Fe] wHEE A
Algmel Rk glo] 48 ATk, v e T AFSH 42 H# disc
Feo] How AEL 76mm, BHAL 454x10° mielm A& FAE 0.
1~15mel™ A A =9 FAE= 50~250mo]th. AFgE =& 0.2 i, 100 kDa,
30 kDa, 10 kDa ©]™ %44 (regenerated cellulose)® A=A (polysulfone) A
2ol #a AREste]l dde AAstl e 489k ¥ (applied pressure) &<

Z02 fal 25 2 bar® 2t AdAs ATt #e] x7] T3 fluxe 3
A EFE ol&ske] of 1A AR s Folo] fluxEs HAEIAZ F, G

S ok 1A 7F Eole] =A IS

ofNi

ro
!

fijo
o,
=X
_OL
2
>~
]
ofo
_O|L
2
=u
)
i
_\?_1,
™
(e
b
rlr
2
_|>i
X
o

(PB5001-s, Mettler-toledo, Swiss)& o&ste T3¢ FAE FAHs F
2 AT A5 sk v e AES B3 flux] ZAAE gl AY
QA= ANEF7F F 600 mLE FHsts A1 A7HA] AR T3 flux
= FHFE AAAES ol&ste] SAI F HFTe 1= JHEse] A sk

u} g - 3}8hA Al H o] PGS FAbsH

=
=
date] AAF A Fd T fluxE 2AS F tdR Feel 49 1 bar
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Data collection

UF cell

oo oo

Pressure gauge

D

)y ¢

Balance

Stirrer

Solution reservoir

Nitrogen gas

Fig. 3.4.1 Schematics of experimental setup for a batch cell
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3.33 Zed HWiAYEF 4

UFEAdAe £ fluxe A 2335 oo afAdel o Feshg 4
goll o)ate] Aojso)tka e A kth (Nakao et al, 1979). Z1ev 3 o
= A (DFRe] B27HA 8lEs0] F7iHol AWEolA 1 vt (Fane, 1984;

Nilsson and Hallstrom, 1991).

al., 1983). 138} o213t H7le Ad, Rie 2ol 7%, 9% g2 Fx9
s £d9, 3L Aoukgo] oste] AAFHH. oI FAZGELS
fluxza7t st A A AlZ=FA K BEHAAAE 47FA o] EF
kinetic 2ol ¢ste] Aol 4 SIHk (Hermia, 1982; McCabe et al.,
1985). Hermia (1982)+= %o @ A4S alAst7] flste] ARu7iHES 48§
el 2 REdEL Funk dead-end Aol FastAl AHE=HAch

ol Z gk 47}A] o] 2% <l kinetic RHEES AHEY T3 )

-

o

o

Complete blocking model> 5= A7|9} FA1e A7]9] RS o] A
FESHA AEH ozt shbe] JAE el =
=& "opwEls ddoR o ol yE ol

Inj,=—kyt+Inj, - (2

714, f, £ Complete blocking 24 f,=o0], 2 E8HH ox T

Fohg FRde a9y g4 ostel HA we WAoR v g
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Intermediate blocking model2 “¢A1F & 2ol 9 ste] YEdT 50 &=

g YA T 1Y AFS HEs A5 olv] AW G4 o

ATNAN, =k, y= 0], Ol Aol Yeug Tew 2o

nJ,=—k V+ InJ, = (4)

o] 71A, p,= intermediate blocking &<°l™, V= T F3E el

Standard blocking model>- 39| | A7|HT} 22 QjatEo] &=29 Ho

Fo] AxlARow FE otZeo] x| 2o Zolul dao =z thea o] 1}

_78_



k
1/2 1/2 1/2
.}y/ _JU,/O (ﬁzs-)>< U,/OXAOX

o}714, k= standard blocking &5

Cake filtration models =2 =A7]H

Aol dxp7F oln] X AF O cakeZxo] FHA L

2
ol
I
o
)

——131
g Rito] glE @HOE e ol ey & g

NN, k=248 o ke P AR TR TS

¢t |1l _k_céﬁ) _________________________
V_]v,o+( 7 W ®)

o] 7] A, k. cake filtration A}
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(1) TOC/DOC (Total Organic Carbon/Dissolved Organic Carbon)
T EAdte 7FUlEY s=E ALy A& FAsA o, A&

g 545 fste] TOC viale AFAF AlFHow IE F7ls A B

A" us FRTFE AAAHs] ARESY. EA S

CsH5KO4(anhydrous potassium biphthalate) ¢t Na>COsz(anhydrous sodium

carbonate), NaHCOs(anhydrous sodium bicarbonate)S X80 2 ALE

)
stol Z7b TCsh IC8] A¥AS AQUAZ 448 F 242 AAsan
AR BHe HA AN sgor 28A 2 49 W gl =284
FEF o] 4Te] WerkolA musth

(2) UVass (UV 254nm absorbance, cm™)
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st A W= 313 & (saturated aliphatic compounds)s &4 L@ 7} o] =

24
Fobs Aol AR, ofd o]
S

o2 ZAst=d ®ol ol&a vk Al
(Gelman Science)& AF&3ste] o743k =+

254nmell 4] spectrophotometer=

e
op
ol
)
re>
A

tm

Zo A lignin, tannin, humic %2 %9 3
=42 200~400nme] AL A o & ol A
A}

= 4 (unsaturated aliphatic compounds), 3%

ek 3}3hE A (aromatic

e ECIRE ST

+ Type A/E Glass Fiber Filter
l-cm A9 cell& AM&3to] T4

43l

(3) Specific UV Absorbance (SUVA: UVsgs4/DOC ratio)

BAFEY PE Arol} HgelF

E M= 7718 ES A9 (UV
Al 254nme] TG Aol UVFRES
DOCEH WAl Ab&-sh7]ol = b o] o | Zhek
% H] (specific UV absorbance, SUVA):=

>E
fijo

} (conjugated double bond)T-Z*
5ol A2 7HA 3 o mek

humic substances2 g3 A9

=4 el oldutet UVE

UVE34% (m')/mg DOCE g

e gozA R/ S4WE 2 AARES UeiE £8% ARZ A

S5 gt
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Table 4.1.1 Organic fractions on DOC, UVy4 and SUVA in raw water

: DOC UV SUVA
Fraction . 4
(mg/L) (em ) (m /(mg/L))
Raw water 7.35 0.129 1.76
Hydrophobic fraction (HPO-T) 3.15 0.150 2.76
Hydrophilic fraction (HPI-T) 2.89 0.032 1.11
Transphilic fraction (TPD 31 0.027 2.06

50

Organic carbon content (%)

HPO

HPI
NOM fraction

TPI

Fig. 4.1.1 Distribution of NOMs fraction on organic fraction matter.
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w2} HPSEC(high

performance size exclusion chromatography)”]”]
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Fig. 4.1.2 Distribution of mass on organic fraction matter.
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Ki(min/m®)

6.70

8.99

31.57

Ke(m™)

0.27

0.16

463

Hydrophobic membrane

Ks(m *)

0.75

1.01

1.14

>

Ki(min/m")

1.08

6.22

12.13

Ke(m ™

0.12

0.24

0.95

Hydrophilic menﬁbrane

Ks(m™)

0.19

0.96

1.27

10kDa

100kDa

0.2pm
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Table 4.1.3 Estimation of kinetic constant for each filtration models
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Table 4.1.4 Estimation of kinetic constant for each filtration models
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Table 421 Estimation of adsorption rate ratios for different organic matter and membrane properties

a” Adj. Rgqr
Membrane . . .. .
. .| Hydrophilic |Hydrophobic| Hydrophilic |Hydrophobic
material
. membrane | membrane | membrane | membrane
Organic
Hydrophilic
0.010 0.016 0.9873 0.9803
substance
25mg/
L .
Hydrophobic
0.033 0.077 0.9770 0.9823
substance
Hydrophilic
0.008 0.012 0.9762 0.9718
substance
10mg/
L :
Hydrophobic
0.026 0.063 0.9573 0.9567
substance

* a. Adsorption rate ratio
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Fig. 4.2.1 Adsorption Kkinetics of hydrophobicand hydrophilic
membraneon NOM fractionated water (Initial DOC:
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Fig. 4.2.2 Adsorption Kkinetics of hydrophobicand hydrophilic
membrane on NOM fractionated water (Initial DOC:
10mg/L)
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Fig. 4.2.7 Changes in flux of hydrophobic UF membrane for the
concentrated organics (Initial DOC: 10mg/L).
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Fig. 4.2.8 Series resistance calculation for hydrophobic UF
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Fig. 4.29 Changes in flux of hydrophilic UF membrane for the
concentrated organics (Initial DOC: 10mg/L).
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Fig. 4.3.1 Change of apparent molecular weight distribution on

coagulant dosage and rapid mixing condition.
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Fig. 4.3.3 Effect of coagulant dosages and mixing intensity on floc
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Fig. 4.3.4 Effect of coagulant dosages and mixing intensity on floc

formation and growth(Mixing intensity:  240rpm,

coagulant dosage: 30 mg/L).
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Fig. 435 Effect of coagulant dosages and mixing intensity on floc
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Fig. 4.3.6 Effect of coagulant dosages and mixing intensity on floc
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Fig. 4.3.7. Effect of mixing intensity on floc formation and
growth (with particle, coagulant dosage: 50
mg/L).
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Fig. 43.8 Effect of mixing intensity on floc formation and
growth (without particle, coagulant dosage: 60
mg/L).
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