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A study for Characteristics of Natural
Organic Matter and THM Formation
Potential for Water Treatment

Jae—Hyun Cho

Department of Civil Engineering. Graduate School of Industry

Pukyvong National University

Abstract

Aquatic natural organic matter (NOM) which occurs ubiquitously in
surface waters consists of both humic (i.e., humic and fulvic acids) and
nonhumic components. NOM alone does not pose a threat to human
health. But, NOM in general as well as certain constituents are
problematic in water treatment. For instance, some of the NOM form
carcinogenic byproducts during disinfection process. The Disinfection
By Products (DBPs) are formed during (he reaction between a
chemical disinfectant (e.g., chlorine) and NOM in water. As a result,
the removal of NOM in general and DBPs precursors in particular has
become significantly important and has been primary target in water
treatment industry. Therefore, characterization of NOM can provide
mnsight Into water treatment process selection and applicability.
Thersfore, the objectives of this research are to evaluate change In
characteristics of organic matter by water treatment and to investigate

the variation of the disinfection byproduct formation potential.
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21 AA§71 B 5

Askol Aot F2 A RAZRH Gt g B 7z

71 3 §HE o]tf (MacCarthy and Suffet, 1989). *£3%F Humic Substances® &7/

gl
b
-
=
olo
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o
0
3
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o
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=
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o
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1o
ol
-
Q

of A Fel¥El+ lignins®  tannins 9l
phenolic polymers7t A Ech ol=7 MAH w&EALE Aol ALY & oy

Zeo| dAplEd Agsel wA™Ae nea §/8382 FHsl wo

Humic substancex =2 FF7} vl $ B335t 7] w o #sre B 24 33513
T 5, AEE S 39 AT 2dE wEo] g4

44 humic substance™ pH W 3leo] wWE Fgare] gfajrd uwa}l fulvic
acid, humic acid®} humin® = v} ). Fulvic acids 2 pH 2AdeAM Eo &
44 o] 22, humic acide AH<pH 2)elr} g ¢Feo] =& Adeolth Humind @
pH Z7JdAZ Eo f3s1x Ercl Fulvic acid®l #x& d3d" o=z 500
~2,000 dalton® ® $°] 2 (Thurman et al, 1982). humic acid+ 2,000 dalton E
o o 2 #A%S sFAY Humic substance®] 74 AR 2 SA43 o o
o AEES ATk wes vds 24 A e 394 712 T30 humic

substance® T3l 2E7 7 ERF Tl o

)
ke
4
2
2
Z
K

T soil humus$}t peat?] =84 T 2ol HEoOZTRE Fds

A Feael A 771 el 9s) fE¥ch.(Hall and Packham, 1965) A

%= allochthonouseolth.  #&E4 &<l humic substancew™ A3 A
cellulose?} ligning X 3slhis A Ee9 RAzRE o ol FldtHMalcolm,
1985). Allochthonous humic substance’} Zoluv &4, & M F=Z EAse
HhAof] - autochthonous humic substancess 738 T 4oA] dubd o=z W o
(Steinberg and Muenster, 1985). Autochthonous humic substanceT T4 A&

FEe By FdTcHMalcolm, 1985). Hemicellulose9} proteing 233t

_3_



A24F, proteind] chitinous  substance®  E2ESH: A 5ES 4 humic
substance®] A 7ol EEETE

Humic substance®l T4 A2 137 oot & Wiel wel cheksioh
AAge] 2550 2= humic substancei= ofu] oAbzl TR zubE vl wpEpE
g 719 EEE tHMacCarthy and Suffet, 1989). Humic substance: 3 thok
gt g&oleolvt E | aluminum ironel Y743 2] 4bstE I A EEe] BE-g 3k
(Thurman et al., 1982).

NOM< 454§ v humic substance(humic acid, fulvic acid)®} JFA S
u] = nonhumic substance(o}u] 52k, whulzl - B Jlssl 3lelE)R o] F oA
9lthDouglas et al., 1993; Edward et al, 1993). %2 NOM< humic
substance®t nonhumic substance® W& 4 2+ H, humic substances A4
o] "&£ Hated FA e FHA s AAYE & zl= WA nonhumic
substance(dl & Fof, @¥AFH opnjmhE Aol 4skx, #relE humic
substance®.tF A77F thax AES] Fol A
dog gifEAe &gt stAg #H2

] 2} % nponhumic substanceol = DBP.7} ZA=xj2 oz A" 4= Q= 7154 o)

2o+ humic substance®.tt 1 §heko] A

Bolw I3 nonhumic substancey: AEI 53 7] E(Biodegradable
Organic Carbon: BDOC)®] Hl& %= =z dwrH 2ol dAolx Hojsls Aow &

& A tH(Douglas et al., 1993). o] ¢}

m

°] NOM2 =of izt Ispete] wel &/

2 5 A3, ®¥AY S4e) wedE s 4

(ot

Humic substance= £&l %] wWal humin® humic acid, fulvic acid2 ¥ &

(o]

T AT RgezRE FdE frEE2 dride gsdeld Ak od 2=

L

Lo BE&AE == Aol humic acidel 3, W] fulvic acide A7 €27] R 5o
S3fdeln A Frol EA 5SS humic substance?| R 22 AA|ghc}. dukA o

, fulvic acide #AFe] 1,000 dalton ©]3sto} 37, humic acid= 1,000 dalton °|
4o FAEE 7HAY Huming 4 @719 25 &84 otk Humic substance
ol FxE Aol #FA A @k} carbonyl, phenolic, alcoholic, hydroxyl,
carboxyl, methoxyl functional groupg 73 WIFFH B2 dHAH Qo
(Edward et al., 1995).

Humic acid®} fulvic acid A% B3 255E +328 7Pz 3, o



el 7 =9l 7 dHoln FIE2HALM-COOH T} 22 A8 us= s
sElel A Ee (-) WEE Welg oz -COO = o]t g Fof
A fulvic acid 2= (<) AsE us= Al 22 #eleolch(Douglas et al., 1993).

[Mumic# fulvic acid®l 4AHd A&7 Fxof 542 Az 34 A& $&gs
Argeh & £, 52 2R Abnet Hy AEE (ES ditdw)
fulvic acide w2 Z3tHXEE 7FZ humic acid Kt} AdFEstel] o3k 3}sh4 &
Hol o gt o v HiEeE 7 e ohe B dAsr st
geto g o 44 EFzdnk ol A&7 humicd fulvic acid® |8 9
388 nlIthDouglas et al, 1993). xg7txo] AFdAL A2 humic
substanceel FFEol UAIRE FFo| Ealste DOCYE  humic?  nonhumic
substance® ©] {7 2th Humic substance o] © AgAdolx, F Aol
S@el og AAH7E o &oldrt. Nonhumic substance HE (& S
hydrophilic acids, proteins, amino acids, carbohydrates)-& ©] Zlg=Alolx = F7}
2 B F 3 ZleoA BAAEA ekt Douglas et al, 1993). 22y, FH 2
nonhumic 7% % humic & HU} 22 <Foltet s 1fA 2] o]4te] DBP.E ¥4
& 4 9o nonhumic ¥# < BDOCEY HEo & ¥FS A4xT +x ot w
A o] AL HEalde] wrE ol A FHAA el diide] Ha qlth
222 humic ¥ ¥ oty nonhumic 89 BH £33 F3 onF 713
UHLeenheer, 1985).

Frde T NOMe e 71 8de] 40 57 Bxd 24 932
ok g9 g el {rlE 2 F AR E 2R AIE vH ol A
AiFoln], 2 AWX0Z ligning A FHabA i A FFE A Ho)
SA A Ee] ik '

Holul o]Z& lignin ko] 2w ol ligning WS AT Arow 7A

=

EYoziH 5% FU/EES 44

Wi

1ol ek webd, mdeld §%¥ NOME +5° NOM ur} Ba% sg2e

ol g3kl Qi (Edward et al, 1995).
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2.2 A4 f7) % o)

221 g8k ok 5

Humic substances t}e¥3ah pH F718kola Eo dlgh Salxeo 7] x3lA] zhzt
thz Aoz oA gtk 4 humic substance®] wHFT EY humic
substance?] ¥ HF2ZFE FuUEo stev] Table 21% §3xe @& humic
substance?] ¥ FE YWeEbHI Atk X< 84 humic substance® ¥+
fulvic acid(®21 pH ZZdAM Fl Eai4)9l humic acid(pH 2 o] shel A Sl
Haad), el humin(E £ pHellA U #84)e 2 vdo. Fulvic acide A
Ad Tl AR EAga, 7 BAEe] FEEE Fgte] ofF Ao

¥ U} (Leenheer, Brown, and Noyes, 1989). ¢ M %= fulvic aciddll ol&| 7=
L(Wilson, 1959), fulvic acids= humic substance® 7}% 8&A AlEo)i, &
i iRl AdF FolAM humic acid Bub o =& Fx 2 23t} Fulvic
acids tiR¥ol AAF Follr &FFH humic substance? 90%E AA 8L

(Malcolm, 1985), v} ] 10%+ humic acidZ 44 3o}

Table 2.1 Humic substances classification based on solubility

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

(GGray 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




222 A5-A/2+4 (Hydrophilic/Hydrophobic)ell 9} 3F %-3F

TF 718 S A7 (hydrophilic) @ 45 4 (hydrophobic) & 2 2 2] #5%

rir

of

$- Fasttl. F=F9 #7118 2448 1 humic substance (humic acid,

DT e =
fulvic acid)®} 44 & W= nonhumic substance(o}o] 52k ghall =zl A Ra] 715

b sk e vpE4 vk (Douglas et al, 1993; Edward et al, 1995). &, 459

=,
NOM-& humic substance®?} nonhumic substance® ¥ 4= A+Ed|, humic
substancess A& Ado] ©lS Frete] FA = ] ols] AlAYE & x&= 99
nonhumic substance(dl & Eof, WA} ofu]ih) = AEAide] Zsi). o9 2

o) NOM& o digt Asteiel weh Ria 5 9

e

A B0 el

we we YAy BYE w£e AWE 2 9gs 5

- e

FERE BF 7Hssltl (Bruchet and Ryback,

1996). 7% 7152 7 XADST XAD4 A E ol&sty] AgAdy H¢A
228 B3l (Aghekodo and Legube, 1995). 53] XADS +Al& A4S
o] ¥= humic substance’} &2 =28 XAD4 FX& ZE FH7H2 #7180 &3
¥l ot

Table 2.2%= NOMe| AEste 79 2t i dldsts dE8d5S Ve

Hal it



Table 2.2 Natural organic matter fractions and chemical groups

(Thurman and Malcolm, 1983)

Fraction

Chemical Groups

Hydrophobic ~ Bases

Neutrals

humic - fulvic acids, aromatic acids, phenols
proteins, aromatic amines

hydrocarbons, aldehvdes, ethers --

Acids
Hydrophilic Bases

Neutrals

sugars, sulfonics, hydroxyl acids
amino acids, purines, pyrimidines

polysaccharides, aldehydes, ketones




23 AAF71EA x4 54

flumic substanced FFE Aol w@a] x4 gte v} carbonyl, phenolic,
alcoholic, hydroxyl, carboxyl, methoxyl functional groups 7ha W& shars
7 oorelA] QtHEdward et al, 1995). 5% humic substance®] % 28&7]=
carboxyl acid, phenolic, hydroxyl, carbonyl groupe® FA¥ L low
(Thurman, 1985) 22 3252 sulphonic”l @] F 2% A st Humic acid
¢} fulvic acid ®AE BRI zEdE 4x2E A )l polymetic
compoundse|th. o7 el R}z WEgE sw) FFQ GAATE ofe 7f X<l
SRzl geje)n, il wliEa vtEE A e TrEE 9 o] theat 2] pH

o u}e}A} protonation®]tl deprotonatione] 2 % itk

Carboxylic-COOH <« -COO + H' 2.1

Phenolic-OH <« -O + H (2.2)

webA] o7 A4 Aol AE deprotonation® & 2A 2ol d HefE # i l
= ob7b gl (polyanions) 22 E 3o

Humicd} fulvic acid®] AbA 2&7] -39

I

He Aqu FA Lo ks
AAseh o & Fel, ®e AEYL (10-150eq/mgC at pH 80E 7k fulvie
acids w2 Aed % (5-10ueq/mgC at pH 8.0)% 7F& humic acid ¥l H8ks
slo] o]st 3}stAd 2Fe] o oyl £3] hydrophilic acids®] B plH 8 oA

45peq/mgC 2l =& FAsE H1 30

0\0

el gt AAT kR olele EHel
o L g B HIYERE JHA REAe g2 BE AV FdEiad 24
ow ©l #A4 Hasiy A2 APt 719 humic substanceo] U F
o] 9lx gt 4Zo] st DOCE humic nonhumic substance® ©]Fof A )
o, humic substance %o} © AFAdola, Fabolut el &% A o
g o]ate}. Nonhumic substance %% (ex, hydrophilic acids, proteins, amino acids,

carbohvdrates)e ¢l zgAola x| F742 Ay dge] o] gk A



ol Al ol FEA Al E A @kt (Douglas et al, 1993). Zz2iu}, < nonhumic

A~

B L humic B8 Bth 2& o oldelr A3 DBP.E #4% 4 vt B3

M‘

15t 9ith, 2] 3, nonhumic FES ARl 3] BDOCY FEo &

F9 AT 4% ok wepy oS

it

Galatel vheelol AN SWolA B

T

2~
29
fuj
~
e
2
o

A1 vk 222 humic % 9F olUg nonhumic F22] &4

w3 Fask ojul g 7Fzcl (Leenheer, 1985).

A Fe) NOMe frals 71" S 287 220 A2 9%8E
nfAch g A el {fU1E f T shube 5ok Akt whd eloke] A
Auel A §F5s Folr, 2 AWFoR ligning 719 FishA i WEH
etge] FA AR AY HgR EGorRH §359 fU1EHE T3 A A
Gl AHoln olE L lignin FaFe] itk o] uwfe] lignine WS IFFE 24
S wol FFsta Aok wEpA, BEdelA £F ¥ NOMLS %o NOM ®ob %
g% 32 S wol 73 duHEdward et al., 1995).

Table 2.3 yElyt 2&71e] EA 3ol wp& humic substance2] Y4 & ol
D3 Atge 22 d4zEd A ol gFgEEY F2E W F oldfsted =
< T

MacCarthy 2} Suffet(1989)F humic substance® At4 A Ro] FF71e] ke

Hi

nlglgol . grEol A Ao eke] ¥ & humic substance® U A
ol AW F£ AFgsAe B Humicd fulvic acidel F4 AFe $=2
Ao A o2 drh Tlumic acids @9 249 F Ad Al el A4 dAE i
&a1, fulvic acidt ©9 #abd A4 Gieo] AV & el AAE FHIH
(Malcolm, 1985).

PDx BAz mHog 2 AFeog fulvic acidd HT A< Ao
CsoHs:0:N (mol wt = 1,230)olel= A2 Al etall T (Abbt-Braun, Frimmel, and
Schulten, 1989), Suwannee River? fulvic acide] B2} 2Alo] CrH7046No-(mol wt
= [,700)°1gt= A S A ergl oH(Thurman and Malcolm, 1983). hydrophilic acide
fulvic acidell w8 sugar®t amino sugarZb z*]dF: vl F o] & o™ fulvic acide
humic acid Bt} =2 AU S & 7t m 9o Bxlgko] ztow slzid Alx
7F =ol A} wbgsto] EorA st m iyt ¥ Ech Humic acide fulvic acid

uck #ael 2707k =@v Wgael BT

‘n
£
jorw
=
3,
o
&
Q.
joR
1o
-

S

dA= C, H, O, N,

_10_



S, Polar, gk gheto] 50% offelw, fulvic acide Ab4

O, N, S &8¢

= 1t
[=

5 wol @Fsta lrh
e B5AEY 3 53 sl e
L

the-9] Fig. 2.13 229 fulvic acid®t humic acid®l *+Z=& Yepl i, Table
2.3 humic acid%} fulvic acid®] E41-5 eERU AT
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oy © OH C,O
8 1 SCH O
HO OHee e O=¢ C—oH—-0= <OH
HO cz® O=C —m-OmC CoOH
L oH oH” { 0
) 0
1 1 -
& o e 6 kR o ‘oﬁc/oa g/OH
'-!O—“ “CH A Q |
HO- O ~== HO— C ok
o . JOL (O
HO~ C C=0 C C# ~HO OH
n =0 0% o1 ~OH
O oH

Fig. 2.1 Structure of humic acid

Fig. 2.2 Structure of fulvic acid
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Table 2.3 Characterization of humic and fulvic acids

(Ronald, 1981)

Fulvic
Composition Humic acid
acid
C 55.94 54.56
H 4.13 497
Elemental O 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 N -
S 65~95 ppm (C'-C) 12 16
distribution B o
95~110 ppm (anomeric) 4 3
CPMAS .
. 110~145 ppm (C=C) 21 12
‘C NMR - :
%6 145~160 ppm (§ -O) 9 5
7
’ 160~195 ppm (COOH) 16 16
195~225 ppm (C=0) 7 4
Carbon Aliphatic carbon (0 - 110) 47 63
(%) Aromatic carbon (110 - 160) 30 17
COOH (tiration) 4.7 6.4
COOH ('C NMR) 6.8 6.8
o Carboxyl (*C NMR) 3.0 1.7
Functional - _
Methoxyl (7"C NMR) 3.4 34
groups ) 13
Alcoholic OH ('°C NMR) 4.3 5.1
Phenolic OH (titration) 1.9 1.6
Phenolic OH (*C NMR) 39 2.1
Molecular weight 650 ~950 2000 ~ 3000
(radius of gyration) (~10A) (~64A)
Carbohydrate
) 10 o] 3} 5 o3}
(%)
Total nitrogen (as amino acids} 25 o 3 20 o] 5t

(%6)

_13_



2.4 Humic substance®] A4¥ 54 shwi

AdFr1Edel Bt wUwle o] 7hA|7E vk HA27bA g Eol 2 A
¢l 73 Wy FUIEES v MAdskA vl SAske AAEA) 5 8
wlo] olth Fekxlel =& WA ow = Total Organic Carbon(TOC), Dissolved
Organic  Carbon (DOC), UV  absorbance(UVas), Assimilable Organic
Carbon(AQC), Biodegradable Dissolved Organic Carbon(BDOC) %°] 031, B %

A K718 e de F71%e FEH B4 mE olemes

=1 gl

_{\.
X
"””J
o

w3k whp il F7] 2 9] Apparent Molecular Weight Distribution(AMWD)-8 &%
@1 913+ Gel Permeation Chromatography(GPC), Ultrafiltration, X-ray ®¥ %
ol vl AEHFAEDBPYY A+ EH 58 FAA w3 AdFfrIEHY 54

G oor 4= 9ok A FE A S Trihalomethane Formation Potential( THMFP)-2 % 3

A &4 7hg sk eh(Miltner, 1996).

241 o] Lo 9 Fi

XAD %]+ 4 humic substance?] ¥ FZ ¢35t standard methodZ2A] A
otul 2t} (Thurman and Malcom, 1981). Humic acid®} fulvic acid, hydrophilic
acidy® XAD-8% XAD-40) 28] #alglc) %, Hydrophobic acide XAD-8 7]
o] F#% a1 hydrophilic acid® XAD-4 <¢=Ald F2E+= 4EE ol&stod B
& =71 Ak (Malecom, 1985). 4o &2d #7122 & NaOHE o] g3t 7
off a4 &z Al 4o oy 75~100%2 sl&88&S BYtt (Serkiz and Perdue,
1990: Collins et al, 1986). ol &xle 2|8k {715 E7/F7F A FH st
A Abgsizm ot o] g EXe 23 yyEe @ FAES sixlm Qo o
EugAFAE AL A FAE Fulste vigbel A7l wiEd Be Altol 4
vl U129 F23 Al osted o] &4t wet pHe Wt WE {7]E9

Sagel wapol e kel Abgel WE 8o BerARA Arh

o

dutR oz 2FEA H7|E2AMDOM)E A humic substance®t non-humic

A= -

substance 5 7FAZ ¥, Humic substancer™ EE B4 4 3HFU A

sk 243 #7) polycondensate?] & 3H&o| v}

Jo

_14_



Humic substances> A &olvt FE Apae] Lal2 B8 HASHz {71338 2

$HoR Qg o

Ja

1
T

o

& o)t (MacCarthy and Suffet, 1989)., 4l
humic substance™ pH W&o u& FE&ado] Lol ued fulvie acid,
humic acid®t humine.2 uvi¥ith Fulvic acidis =5 pH FAdA {84l
humic acidv= pIl 2 ©]&teflA] & oltl Huming @ pH ZAAME Eo &
stz ek LFulvic acidel ¥xpbake- Add@ Aoz 500004 2000 daltonse] ¥ #
ol Flumic acid® 2,000 daltons ¥t} o} & x2S 7FacH(Thurman et al.,

1982)

-

Aol Al Mt soil humus®) peate] F84 ZRo|s AR oz RE walg
AQtay 53kgh §7] shgrEel o) F¥lth(Hall and Packham, 1965). #| E4°
of A M= & FUIEADOC)E FE FAWe EY fEE B 5=

allochthonousolth. DOCx A &9 H a2 R et 282 24 humic
substancev= ¥ A 07 cellulose®} ligning E¢shs= Al%o] RujzXHyg o @
o] # gt (Malcolm, 1985). Allochthonous humic substance?t Zeolv} £, 5
ol F2 E=AstE 9ol autochthonous humic substancey™ 7| 313dF & 40
A dubAd o 7wk Bl th(Steinberg and Muenster, 1985). Autochthonous humic
substances 4 2lE9 FE9 EIHIZIRPEH  FAFH(Malcolm, 1985).
Hemicellulose®}  proteing ¥ 3t= 72 F9  FF, protein?  chitinous

substance® T &3tz T FES 94 humic substance® A Fof x 3 E),

Humic substance® +*4 A& 2719 falet +&F Wy uel vhoksio)
Aol &E50] A+ humic substanceir ofp|lm bzl @R A upE 9 wpaps

A9l el tH(MacCarthy and Suffet, 1989). Humic substance= 3k t}ok
g & ol 2ol dE, aluminum¥ irong FA A el 4HEE I #Aste] wEgskc)

(Thurman et al, 1982). o}w]:=Atojr} Zluhdl bR 3 o

)
o,
o,
B

2
DAX-8 42182 E 335w, 9] 2924 humic substance® DAX-8 Z=xo] &
gk ey Beok 2
7)o wek 2t 4= 9t (Thurman et al., 1982).

Molcolm(1985)2] Aol efstH A2g =R P AxFod s DOCe 50%

Olt

AL humic substance? z¢d & ol Abeii} Bz}

L1
O

7} humic substance® A4 %lo] glon] Agao] HF e FEE 2.2 mg/Lo)

AL, o] A2 50% whAael Hat A4 FAle 7lEElA 4.4 mg humic substance/L=E
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dEk="l 4ol I M-S uE Ao dfal DOCiz 5~50 mg C/L2 W9

o] 31, humic substance™ DOC2] 80%7} % z}=] sk},

Mz

e APAT ostel £AFH WA o5l §718E 6744 TR 1

Trolsi o zhzre] 54 b ghrh

.“r
ﬂ
dh

(1) Hydrophobic acid - soil fulvice. = G4 %o e B2 olch(M. Schnitzer et

al., 1978).

(2) Hydrophobic base - Supelite DAX-8 =]l 23l 0.IN HClol 2] F% %o
2= 22 o|th(J.A. Leenheer, 1981).

(3) Hydrophobic neutral - &F3}4=4(hydrocarbon)®} carbonyl compounds® o]
o}zl Z3tal] oJth(J.A. Leenheer. 1981).

(4) Hydrophilic acid - infrared spectra® ©] 238 o %3t hydroxyl?] (-OH),
carboxyl7] (-COOH) el &8  /FA  t}dgk hydroxy acids®] &% A

(mixture) 2 o] F o1z ¢lt}(J.A. Leenheer, 1981).

rr

(5) Hydrophilic base - amino sugars, amino acid, peptides, proteins2 %35}

amphoteric proteinaceous & & o] tH(J.A. Leenheer, 1981).

(6) Hydrophilic neutral — polysaccharides @ ©| 12 #71E & o] tHR.S. Tipson,1968).
z+7k ol f718 EFE infrared spectrad o] &3le], B g o FEE o] 2=

5 Aoz get o] vElY 4= Qlti(Taha F. Marhaba PhD, PE., 2000).

242 RAZF PIxEA o B 5
FEol EAsbs frlEel EAw R A Aol HAAR] £8e S5

= 2% AP At (Amy et al, 1998 Chadik and Amy, 1987). Humic¥}

fulviec acide= 3}sta &4 3t EF T2 nanofiltration 53 222 F Ao <oz ¢

As] AR 7 ok I o]y FAEL G4y wEde] ¥ v 4EE o
A fEsle e Baigk BRag 2oy AstFA(QE =], ozone, hydrogen

peroxide-ozone, UV -catalyzed ozonation, UV -catalyzed hydrogen peroxide)ell A

r
0
o
it
>
rfl

9l th(Sierka and Amy, 1985). o5 Eo), & T2 humic acidE

i
=
ey
=~
o)
in
fr
uﬂo

= gtelA SR olE] vl £2 §&F Holi, wiE o & A%
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2429l fulvic acid® o)k Fabol olak AL GolakA 9, g el
th wpelA] o]®l glaE DBP. @Ade Wk Ado] wromm gpake] AEAES #A

HFr1Ede] AV EHFE 2RV BxE B (Apparent Molecular Weight
Distribution: AMWD)¢] IS At&3t=1), o] AMWDS] th$l 2 daltons AbE
ok o] daltone] Aol abzo) 7b Zbwm EFR FY 42 F0o Hag
|

sbame] Raeo] 1599490 B 2 daltone 09997 ek weje] g @ch 54

/1602 A5 oM,

o

e

of iAo weiyl Aol welolth webA,

humic substance® Zapake 500~100,000 daltone] '‘Helelir, of Fvl sk &
ZbeF '8 9] = humic substance®] Fei9F AREE A W, humic substance]
Fha) W Z ol tH(Thurman et al, 1982). ®zl=F Ao} dwtzx oz A5 WY
© 2 gel permeation chromatography, ultrafiltration, vapor pressure osmometry,
freezing point depression, small-angle X-ray scattering %2 X 33c}
(Thurman et al., 1982).

Gel permeation®} ultrafiltratione 2xbaF ®Bup o3led #zake] ArlE A3
Aol 7hztc}. o] WHe el dFgEole A FAE FElek e FxE

Fh 2 ez av)e #BEEae] HAL #fob vl Ultrafiltration #}s

ol

"
i
X

ol Hx WYl My F835tch. 1 =9 humic substanceE 7h &2 19

.
How =2 Bxz HYgE vEbd g
Small-angle X-ray scattering= <& %%l 22 humic substance®] Z & #H+-7

3 ded Facke] 55 JFEE i g4 whA S HagoEA dojxit, o
2 w S Alfsto] 2@ 4= humic substanceo] sl dolx Azl wEH
humic acid 7 Bo] Z&o]l= Atolil fulvic acid A ¥ o] 500~2,000 daltone] A+

2 ¥z JAcE AL YeEbdtH(Thurman et al, 1982). 94 humic acide

23 fulvic acid Btt vl £ B z2p=S 7FA] 1, polydisperse system(3yt o] 4Fo] 3
2 WAL 7R system)S AT olRA2 ¢ & 27|92 phenolic  hydroxyl
group® 7tEEA kel #HrI2HE  ZdEcisr HZolvh Monodisperse



system(TFd 314 v 3 4R ) F4 fulvie acidell A8 A A A
ah#) =

Ralel A d4Le pHo Folti(Wershaw and Pinckney, 1971). pll 125
ol st E A dE WErle ot il wepA o] #ETUE Atole] a4 A

s+9 vrsl kol Humic substance F T AlE o2l 2 AS A o 22 22 22719

AMWDE AR el /bsst §710asl 9 A5 2A% BE Atole] duu
A BAY) 98 ZARD. AMWDE Fol7 NOMe i SA4& #Fs)ha,
NOMel #A4e desigel Ang Al we wxFe gy ALy
2 Bal 4/ AwNm AR mael olsl AW H7) Aol 4R s

el W] o AE RelA o AL v oY

Aol B Edh(Leisinger et al., 1981). ¥apzko] & 3T ES F4-Fvg 7}

22
Lri= g o7 yvrh(Manem, 1988). Zefn g, w& 2o DOC £&€5 ¢
o]l zkAEE NOMeo| A#Eafadel elsf of A 9= Aol gl A3

EE A ThE 2AE AR et Adg 2l 2o szl uRel

e

“apparent”2t Aot ¥z zivleE FExle] g3k wxd] eos] 24"tk NOM
Babe) vl A= pHet o] 7w 2o Fatel g 2ANAM BTV FEE
Zaksk B drRse ol Y4F NOMel AMWDE ZA stz H3 7+
de] AgreE vy 2 F 7EARE ultrafiltration(UF) 3 gel  permeation
chromatography(GPC)elth. ®xtgke] <4z Zg]wie AE-$ membrane filtertt
gel?] molecular weight cutoffE A ejst=1 A& ¥}

HA F1EHE o8] AFAS olaA Zol e Azt wgt ol =
el 24 F£XZ ol&de Exe] MHol fle 254 FEHA HEHo| 2
A4A BAZ B39 9 Thurman et al, 1981, Leenheer, 1981; Yeh et al,

1993; Croue et al.,, 1991 and 1993; Levine et al.; Vojvodic and Cosovic, 1992).

2.4.3 UV/Vis absorbance°l] 2% 54

NOMe| steta] 74& &3] &8, AEsl Aot Sxo dFE vAE F

2@ AR Fo shdelth RATEY $HF Yol BolF A H(conjugated

double bond) FZEE 7tAE F71dgEL AIAUVIEE F53te 4HS 7HA

i



e

a1k uwelbA] 254nmel Aol o] UV S FEE humic substancesg -3t

2ol DOCEFA thal Algetz]el Eadoln Fhash E3Awyolny, UVESHE T A
(specific UV absorbance, SUVA)E UVEZ S (m V/mg DOCE JeElUlEs o=
A Fr7lEe EA4WE 9 AAAREE UehllE F8% ARz AFEFH It

Table 242 =& o e vpel 7bo} hydrophobic acid (53] humic and fulvic
2 E2 SUVA#E ZTvl Reckhow et al.(1992)o] w2 &
Hedol ot =2 SUVAZS 2% humic AR 70~80%2] DOC7} A %

WA hydrophilic neutral 2] 7§ 3 10% <] DOC7} 2l A = )t}

Table 2.4 Characteristics of NOM from Forge pond

. % of Chargexx o | .
Fraction AMW# . SUVA(m /mg C)
DOC: (1 ea/ mgC)

Hydrophobic
Humic Acid 7 70 5-10 6-6.5
Fulvic Acid 38 30 10-15 4-45
Weak 4 65 5 35
Bases 1.5 ND - <1
Neutrals o8 35 - <1
Hvdrophilic
Acids 8 40 45 1
Bases 3 60 - :
Neutrals 22 40 - 3.5-4

= Initial DOC of 6.6mg/I.
# Apparent Molecular Weight as % of DOC

** Negative charge density at pH 8

Edwald 92} Van Benschoten(1990)& ti<fst =912 SUVAZY 2348 E519

SUVAge) 9lel M2 f7lgdel A% S48 9ew 2ol Baach
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SUVA : 4~5 m /mg DOC

T DOCHES 2 humic EFZ o]Fold dov Adix o2 hydrophobic

MR DA 4Re wel $Rsm vk DOCEE/F SHA L] 2

e v, & gel o DOCel A7 &olair)

F% DOCAHEE FZ nonhumic EHZ o|Fo]x Qov Agxo

p‘L

hydrophilic, ¥ &%} AEAF Y22 wel F4stn vk DOCH =7t &4

A arae] v]AE JFe Houv, e olg DOCE A At Wk

NOMe] A&shd A= SUVAZRLY 1000daltonel de]l f71% dhako] whua g

“, NOMe| g waraol S7hehel] e SUVAgel F7hgheh SUVAgLe] 3

W

= NOM=2 ddizoz AgFsidel o3 DOCAH A folstch F Eapzo] &
gl A Bk EztdFo] A s FEel HETE T o H4A dgEs] wE
of AlFside] ol 1 24 NOME 2&38€ ¢ hydrophobic A&

gkxlo] SUVAZe]l 4

< hydrophilicd 2.2, TE= AHES HExTFEoZ A

WA o R wopxm 2ol weh ARside] Fhd

- 20 -



25.1 Humic substance®] ##} 7]

F71ERe AYE ¥R 22XV B T EZ(Apparent Molecular Weight
Distribution: AMWD)2] 7§y & A1&3=d], o] AMWD®S ©$l2 daltong Al&
sl o] daltone Aoy 4trel bR slEm ERE 59 9429 09 L
V16w Fabst Aoz, o] FuiA oz wojFl Aol whejoith uwpekbA,
AbA-e] Fzpako]l 15994901 m 2 daltone 0.9997 @ whele] St A
humic substance®] 2}k 500~100,000 daltonsel Hejela, oj FHLS &
«FeF W)= humic substance?] Feiet AFEE A wFY humic substance? #H
ghal W&ot (Thurman et al, 1982). &x% Ao dukx oz ALEH = Wy
- gel permeation chromatography, ultrafiltration, vapor pressure osmometry,

freezing point depression, small-angle X-ray scattering %& Z¥3c}

(Thurman et al., 1932).

Gel permeation® ultrafiltration& ®xaRcl e3l2] £xte] S SAHI A

_h
o)
tu
N

of 7hzbch o] Mbge Bl AWwele AN fA e @eje e

Az gy avie sgEdtel AL slof vk 2elvh humic substance]
i)

2 R 2 e #AEIE Afstane Aol dEAA FAdrh Gel
¥} membrane 2+ A4 31¢E-©] humic substance?| A& FFEAHo] ofY
71w Eoll, kxR A17]1F el HxsF BEeks Aok el humic substance?]
st A abst #HEmabe] #E7)E gel? membraned & 2T Ultrafiltration =}
2 o] oW Fx oy Yol et F83t 1% =9 humic substance® 7HZ &
A clgfAoxw =2 PAYE HAE UERE F Ah

Freezing point depression® 71%& @2 +4 H +43F¢E Yehlz &4
&y EAbEre] ¥ s uvEhdR @27 wEe] g A olth Small-angle
X-ray scatteringe € #1x % 9¢-& humic substance?] 24 A7} Ldefzl £2}
ckol #s obgEel digh 3" RS vugoerd dojdr. 2R 54 humic
substanceo] sl 2ol A A= humic acid A Fo] FZol= AFelar fulvic acid

A ie] 500~2,000 daltonsel ®xzF HAAE 1o AS e A (Thurman et
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al. 1982). 54 humic acidi= F4 fulvic acidXth o o $AFE 7FA A
polydisperse system(att}b o]abel 32 w4 S 73 system)S #Ad gkt o)A
t] 2 2719] phenolic ¥ hvdroxyl group®t 712 L4 4be] #5727y 2l
r}51 B o}tk Monodisperse system(t¢e! 312 wb4 & 7kxl ZHE& 4 fulvic
acidell &A1 HAFAE E=AA ged T2 1S AESiA Thurman®
Malcolm(1983)%  Suwannee River?] fulvic acidel g HF  #apPo)
1,200+200dalton o] et Z1-& Wal wich

Vapor pressure osmometry @b ultrafiltration© 2 Aol fulvic acid® &A=
1,000~ 1,700dalton ¥ ¥ elt}h. Suwannee River2l humic substanceol] gk humic
acid A ¥& 3.000~5,000daltone} ¥Ap&S ARG FrIEA ] 5%F AFA g
AL pHel FHgolti(Wershaw and Pinckney, 1971). pH 125
A FtE Ay wE Ev)E o)aE L, wetA o WAFTE Atele] 4 A

g wrel skol, Humic substance 3 &

rlr

olgd

A o R B S S e i
zzhow spyE 4 glvh Zrelvk pH 7.03 125914 Suwannee Riverel fulvic

acid® 1,000~1,500 dalton®] #93 Fatw HelE veldo

252 UFdl o3 ¥z By 54 A3
Rapak B (Molecular Weight Distribution)ol] ‘apparent’ & &7} €& A
S AAHo R Bxapmzld 7128 R #E(Molecular Weight)d] o] 7] wj#ojth +
A 27y Eabsks BTz o8] 24 Ech NOM #4e v xe EAks &
o Ul pIl, o) 27w S e gl ofe) w@epzlth NOMel AMWDE A 457 <

A5 AbgEE ¥ 7Fxl wbe UF(Ultrafiltration)®F GPC(Gel permeation
chromatography) % ] ot

Amys< 7129 AMWDE ZAsted UFSH GPCY F 7H4 ¥H< v
stairt. o] AFedE vlud tdstau B ol fEoiAE UF WS FHsn
pa=

UFE moegee  MWCs(Molecular  Weight  Cutoffs)Z} 30,000(30K),
10,000(10K), 3000(3K), 1000(1K), 500(0.5K) daltonQ]l 2 & AFE3t1L slck Al &

e

g s70e] UF W= algl 30K, 10K, 3K, IK, 05K} 742 Ae{A TOC FA4&

u

A 3}= Parallel Ultrafiltration™ PoreZ} 7}4 & 30K2] #B A HAeiz Al

- 22 -



Z thAl 10K, 3K A3 Pore size7d #& lBdcle] FFe] ofxstel TOCE =
43k Series Ultrafiltraion®] % 7FA #h¥iol 2ledl Series Ultrafiltration& 4
SRl Abg o Qld] edel sty del o2 Parallel Ultrafiltration %¥

& grol ALgshar ol

253 UF 23 (Logan-Jiang Method)
AMWDE ZAst7] fl18lA UFs AFEe 32 F8loa] aiBel A

(rejectionyel] thal =o)8}5 glc}, wWrel 182 HGS @ugol Fuld e
o] wEesolth onp Feb ol A (Retentate)2l FEE ZH Frhstn
WE el FHe ¥x F7F wie @Wrglel MWCRT e BaEe A3 s
gl Floh wlegole] MWCHWTE 22 BxlE el 2A wr s ahr] 9)s) A
= wrdcle] Ags nedsfobrt gy g ] o RAIEA AMWDZE

EAEE o

N

140me e} M g5 o #et=ul of 20mt o FAletet S E A o] Zo i e
2] 15meE DOCE &Askch 7712 15m¢ Al Z/F Bolsr 5me® Zolzl 35mpe] A

@, o7 @l WE 97 DOCE A )

2y Als-lBeel Adsztel ol#t A4 (Permeation Coefficient) P& thg-3 Zoh

o714 C, oyl FT

PE 2t Na-dugld ds) G4y /A8 Cutoff-sizel o &2

dF MWCE d3¥xoz #Aso] Coabd 73 g AMWDE Z23% F# ok

ped

- 23 -



InC,=In(P-C,)+(P-1)- InF (2.9)

o7~ G, of af el e 1T

Fool-(ofat gl Algsg/z7] Az

PS"}' Cmg‘l %}E% 11’1(Cp>9’}' ]n(F\% DIOtE’HH ;?Léa]" ’/Tt ?}11:] jrlé’Hjﬂ Cmg}k‘oﬂ)\i O}

i 2lo] AT

Cyo( ZM'Wa - Cm(]MII/)
Initial sample concentration

C<j,i>:

obF we, 0o Zb7be PRte 1 MWCel 7b7be DOCel Fm=rt e 3

a}
>
=z
=
-
2
x

Bo 282 el I [ogan and Jiang® P <0.2, P> 0.99)
el X34e neld Dok gk s
Pzko]l UE 2olM C,E AAE # gle 2 $oes Rotr oo sr g

Croz &,
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6.1 THMs 2+ 5 A
ol % 2% (Chlorination) 2 United Statest]F3 9] x oz @& o2 vgoal &

&4 e Ao A detrHow et gl wpAelrh

A=l o] 7hx] AT E-4shi, THMs(trihalomethans)el gt S
4 E2AS HAM(Rook 19748 A5 oz s THMI} 22 425 FAES A
FAZ) 7] 918 WAool Fo) sofgkl vl IAFRF(USEPA)NAE &5 A

(NAS 1977)¢ E8 #Axd ¢y 248 dAdste HFAEFS Ao,
United Stateo] 4] 1998 (phase Dol #l¢tsl DBPRE TTHMsel 2% 2%
3+ A (MCLs:maximum contaminant levels)7F 80ug/ ¢ ©1*, monochloroacetic acid,
dichloroacetic acid, trichloroacetic acid, monobromoacetic acid,¢} dibromoacetic
acids el w9l FES F3 HAAs2 FHAudEdAs 60ue/ ook 221
bromide ion ¢ ET% ¥ 10ug/ ¢ ©] 3L, chlorite ion & ¥ %% Img/ ¢ 2 TFAH3A

22y 2002 (phase 2)2] DBPR(disinfection by-products rule)& ol % &3HA

THMs$ HAAs7} Z4Zb 40pg/ ¢, 30pg/ ¢ 22 vl 713 Uth Rook(1974)2
Rotterdam waterworksoll 28 d4* 2] ¥ &4 5 headspace¥y o2 THM
& HE& A=A

ol chloroform, dichlorobromomethane, dibromochloromethane, bromoform<]
47+2) 2 A 33 & (haloforms) 2 o]l Fol#x o, A4 FelA= wHHA &

orat, Azl 3 AMalsdA BAEdth Rook(1974)& M F-2-2-2w THMs

Thel AEgde BREPReH, AIFFTY NE f2EEe THMse d7Era=
s g
o] AxAE o

s 5 kR d4E AAEdEd, A HAe AdasFol
dhsle 94 2Ee &yt ¢ €& bromohaloforme]l A €T skl
B, F ¥AE 44t HOClhypochlorous acid)® vt #h2 4bsteel] 2[sf bromide
2 HOBr(hypobromous acid)9] AAl5ol o Z2A #FEstdon, oj& A &

Aol W& #aFA (aromatic) g Hx 7] Wi oz Wk}

Humic acid®= THMFPs}F ¥r2Ao] & ZF2Aojm, fulvic acid®t hydrophilic acid

_25_



golat 7l

humic acid

L= A A

o iiehyrh %

humic acid= fulvic acid®} hydrophilic acidell u]s] S 2%

=5,

of vl of & =42

£ ol

TOXFP(Total organic halide formation potentialel] g 4%

fulvic acid®} hydrophilic acide| 7

ct o

! It
H—-C—C — OH

'

Haloacetic acids

il O
1 1"

Ct —C — C— OH
|

Cr O
] n

Ct — C—C—OH
1

H H Cl
Monochloroacetic Dichloroacetic Trichloroacetic
acid acid acid
Br O 8r O
[ 1" ' 1t
H—C —C — OH Br—C —C — OH
1 !
[ -
Monobromoacetic Dibromoacetic
acid acid

Fig. 2.3 Structural

formulas for DBPs.
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262 Ay=de A o E THMs3EA
A Frieel ]l S g vItU S s oy, ol2¥

P Rel EabEre] w2 THMs#E Ao tfgh A3 alel as Y23 Aot

=

Ar=de] 2AAs THMsEA S Al Ae Mels Fo THMsS a4l
Zle=d 7R B dewiesd, dyede] s AFeke Ae v
P shs Aol & g Ak olF A e Ay ARE FAITAE HASA
oE AYeAds dAd] A9 Ass oldE 5 gloy, dregHe] Zdd o

g AR AR E = Y], L. Schnoor, 1979). 1,000dalton °©}3te] A &2 2B
71 BAES 7H frlE 0] ARREAE AyEAS A & ¥ FE AR
sty Aoz dHA JAHAWWARFE, 1993; Amy et al.,1990).

THM=t HAA(Haloacetic acid)& At 71odstes a2 H9+ 500~
5,000 Atele] W92 R Eo e Aoz dedA
GG s FABE T2 obulmabolil ARA HUABAL o FoiA otk

e} lowa River water?] A%+ &84 #7828 2 53 m2vlE a9
el oA wAFEE BFA, A My F AAE THMS AALIHEE7)
(ECD)E ol&3te] GC= MMM, & #7148 EA(TOCE 7IFoz ¥4
THM2 S 2o FAFe) 278t S48

oluf Sephadex G-75 Z-& |83 2 F3 aZvigE ey Z2R7| Eapgkd
el A FrlEEE Bastsd o5 en, lowa River waterz2] §7]12 2
90%7F 3,000dalton °olahel Fabkg 713 Aoz vepdow, AAdd THMse

75%7F 3000 dalton olste] ExEE 7izl 718 G w2 Aoz vjepyt

t}. 18] 22 bromoform® &2 1700dalton °©lste] A B F7] Ao Agnpiy

ey P, Crive®} B, Martine fulvic acid9} hydrophilic acids® At Aoz

71 Z2A ggEe Mol vty dglow, wAo polyhydroxy aromatic

TZE 3 A+E humic acid7b THMFPZ #Alsti=d o] @29 713 uwrexg
o] Azm AAEPGTE I Rookel A $¥  Polyphenolics®t  proteins,

carbohydrates®] o2 THMFPAYAH5S [tz AAsHor, of7]A
carbohydratest neutral®]t} amino sugars< WEJE= A2 2 A o)== THMFP

g 3 fEetAe geva 5l
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2.6.3 THM Al °](Trihalomethane Control)
5&FF THMES Aeolstes Wy 24 AZbH=2 s 5 Adsd, (1) 34
¥l THMsS Alojsti= 9, (2) THM #5353 (precursors) S Al olst= 9, (3)
dAiolelo] o A S Al(disinfectants) & A3t W o] A thH(Symons et al).
HAE THMsE Aoistr] fs e 7 Aol Asel gtow, dA)
&

At Foll Unh 2F, dad 2E AFAE 9
:13_

ﬂ—‘ -
X
i

54
23
i
o
AN
oL
o
©
(]
L
ro
ok
e

o] a1, Z7|(aeration)¥ THMsE A Ast=d axdoly} F7)9F B9 vgS ¢
L I Pt SRR =

ZHd gh(activated carbon)g o83 W A4 mEFolxivk o] Wy A

Al FIwoel ol FojA A e dHleld, THMs g4 A
{postformation treatment)dl= W¥ o] @3 Ak IAJE THMsS LMo 7
st AHelg FoAlME AL FRst de TAPe] e ol Al

uk o 2= A% EAFE(disinfection by-products) S Aol 7 42 &7 wE
olth. webd THM A2 4 & #Alojste Hio] ts 584 o digke] &
oltt. & F A(coagulation process)S o)l 23Fe] HAZ
sh=dl, 3980 el 7]%(treatment schemes)24 2T B A7 o] Fojx]
NI

Kavanaugh(1978)2 THMs &4 #FA e ozt o &3=2 AAs7 9

3l alume TS o] &3k HAg2l jar testing® 2HE RIuSPUT. 9 Fo] AL

>

~i5 G s SR gE B A E(distribution system)oll A 9] ZHF Aol okEl A o)

»0O

movd, FZRl(chloramine)?] A% F =2 lo)E(chlorite)$} Z = g o] E(chlorate)
FE AE(Bull 1982 ;

Condie 1986)2 3% FmMsts stdo 238 fFAlzica Baxdo)

o
rl[‘

= pus

i)

Ze oM 4% RARS @4@9. ol isu
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31 A1 Ee 54

3.1.1 F71&=e] A

BoAdslol s AR EH(NOM)S 2244 22 humic substances} 4
239l nonhumic substance® #&lst7] $3te] Amberlite XAD-8% XAD-4 =
AZ ol &kt 2t FAE ARgEriHe] =2 2 o] DOCTE wh§- 2] diEel
(2F 1,000 mg/L), WA 2] M Htgde& 7Axop ghoh, 2 Aol AHgE

z}19] cleaning ¥4 & thg 3 3o

D 448 0.IN NaOH &efel 24A13F ol G7F ot
@ Soxhlet F+ZFAE& o] &M sk vjghg, ofAEYED ]z, o

Bl o2 7F SofE 2441 7F E9F Soxhlet 535ty & 59 FQF AAI)

@ %47 $AE &g £ 01N NaOH S wyakc)

@ ZPo) AAEE £AE FAS

® 24, 0N NaOH, 0.IN HCl?| #o = 24 §%%2° DOC7t 1 mg/L °l &
2o wgb4] 2bxt driE S 3 AZIt (Thurman et al, 1981, Leenheer, 1981).
oluf Zrelell R £AF HFZIF HJeE FolMd= oy i HIse 7

oF AojX bed F-Hof thal | bed volume AEE FF3| FAgu. 283 3

7V 238 2o el Alfge BxEEE dmL/mino 2 dAHSHA FAAZITH

Cleaning A E Az Zeld A2 23471t E3A71714 Al 045um
membrane [ilter paper® o FA|Z1% A48 pH 22 4243 A1Z0 8 Amberlite
XAD-8 E3A7lth. Amberlite XAD-8 3 F2g Z22& 0.IN NaOH
50mLE SHERAA I FE32 01N HCle® pH 12 AR st Al#AH 2417 93]
& % 0.45um membrane filter= ol¥ste] 7 oS fulvic acidebil 76k L,

o 7] e W FAFELS 0.IN NaOH 250mLE &AM 2 £48 humic
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acidzh il F-F3FAvt (Yeh et al., 1993). 212} 51 Amberlite XAD-4 -]

ol
-~

=

S

i

non-acid hvdrophilics2t2 7315131, Amberlite XAD-83 XAD-4
Z4 zke] zbolE hydrophilic acidglil E#F3Fitt (Croue ef al.,

F&L AmL/mine 2 FA sk T oA

i}

me

2 F7

o

1. water sample

!
Filtered by 0.450m membrane filter paper
|
Iiltered water sample + 2.5 bed volumes of pure water rinse
l
Acidified to pll 2 with 2N HCI
!
XAD-8 — Desorbed with 251)m€, of 0.1N NaOH
Res;
esm Let settled for 2 hours
i |
Effluent water (A) Filtered through 0.45um membrane filter
J |
Effluent water(IHydrophilics) |
Filtrate Residue
! !

Dissolved in 250m{
of 0.1N NaOH

l

Fulvic Acids

Humic acids

Fig. 3.1 Analytical procedure for natural organic matter fractionation
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3.1.2 f718 A B 24

718 Ak BRYRe 24 Parallel Ultrafiltration¥} Series Ultrafiltration2] 2
7}z wiwol v}l Parallel Ultrafiltrationis A28 Al2%)i= zbzle] UF uhe] of 75
of Baluje A4 fUlE kS =R EE wlojr] Senes Ultrafiltrationys -§5o]

b4 2 UFel Helz Alng wrdor gae] as)l 4 UF =l a2 o)

-I

sto] H71E S &A% uwhglolt) Series Ultrafiltrations Alsio] whMAlg oz

olal @2 7hsAdol weo w2 Parallel Ultrafiltration -8 AnbH o wo] Abg

F7lEe] Eabs BEAy el Al 045m HEj2 oJuistel Ayl A4kl
on] Mykdel Rxapek BEANIE [ogan and Jiang (1990)e] osto] Ajgty @ o=
AalgkAct MWCO (molecular weight cutoffs) 500 3.000 10,000 30,000Da (YCO05,
YM3, YMI10, YM30) 2| 4F5F¢] UFete o] &slo] st HIXEAS S48

UF2-g o]&g = ZEAFEE we] wla] (rejection) o] G&g AHwdl
Logan-Jiang®< ©]-&3tdt}t (Logan and Jiang, 1990). =} 1152 vixl 9t moA
o] &4deo] Frdgolrt ol orrt dojihE 9t ol ZFM(Retentate) 2] FEF 7}

of o FoolM &de] ¥ F7HE glste] el MWCORTH 28 BAFE L cell gl

t

N oEEEAG F3osx 2o wed siel MWCORT & RAse] 4dA

FEE e ol e A w=E T HeliAs vrel wiAle meldtelol &
o} zF Algo} AgsE 2ake) o3} A4 (Permeation Coefficient) Pi= th&3 72t}
G
P= C. (3.1)

C,:onzd 5=
irhabge 7 AR well tel LA shg g el MWCORTH e

RAEe oo A FEE A7) o] o} VWBEE ojBe] i

ZohgTh weba o] Wgel S8 AS&o] thel MWCORTH Ze 2m] B
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g b BAel w8 AAslernt stk welkA AMWD  (Apparent
molecular weight distribution)s AFE S & Yol TF MWC2F AlF C,¢7t 2
gyl ol AlAbEo)F . Logan and Jiang (1990)2 o749 w9} oz H

3 E oj&sto] AMRFF( Pt C,p8 ZAsHY] st A (3-2)2 AlAIsEATE

InC,= In(PC,,)+(P—1)- nF (3.2)

Pt C,y o @& In(CH m(HE HAEA o plotdte] 8 4 olon

(P—D3 In(PC,)E #4 71&71<k BRoz xddh 73 G, #holAl o}

C,,(iMW) — C,,(GMW)
Initial sample concentration

(3.3)

D Ao s=E oF 3-dmg/LE FAstel Abgetgion A BRZe] AAE
13t 0.45mE o]-& 3l o HgE pH 7= A IH

2) AMEE UF 22 A3 wg &5 gto] 308wkt &4 F wAske] xd
AHL AN T 200mL #4542 odnd T AAA

3) 160mL2l A2 E o #slzd v 20mL ol FpAvich SmLE AEde] 2ew v
o2 15mE DOCE FHAgskod. 77hel 16mL Al&7F Hojil 5mL# Ropxl
3BbmLe] Alg et Aot Eobe

4 g,

Al e)w} el 20ml. 2F 974e] DOCE &

l[‘
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Fol 20-30mg/L
e T

7ol wet 0.5-1.0mg/1L

192 count current
[}

(Al:Os 10%)8 Ab&

A=

5|

= O
“l’“r_}

=
X

1.5mg/L
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A= h=)
- T el

M & Standard methods(APHA, AWWA, WPCF, 1995l u}

A

_x.
1

1

b

Jlﬂ

oA #4 7171 Table 313 2}

O

o] &AL F718e w28 AFsstr] H3 FAHAow, HHg
FAE A8t TOC vial2 A FAF Ald Ao IE {718 AES ZF Al H
i s FF AAH ey Apgstgdn. BA e CeHsKO4(anhydrous
potassium biphthalate) $} NaCOslanhydrous sodium carbonate),
NaHCOjs(anhydrous sodium bicarbonate)& X & &Aooz ALgsto] z+zh TC
o ICe] AFAE AFHAZ A F F4 S AA stdv Alg A2

Al A A

o A B sk

dom 12

28 A9 W3 dolel

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

el ek B

(saturated aliphatic compounds)S ¥4

0

1

g3 9

]

oAb A e wpapE s el

(unsaturated

A =)
T orT

j=]

EEo] #ZFoA lignin, tannin, humic 23 59 ¥z &£

B2 32D 200~400nmel 2Ll ddeA Hol FF

(aromatic substances), % 3 3}
Zalr s 3t E

agrh ol T A oS e

H 2 2

aliphatic compounds),

Aol 271tk oleid olfulLel UV-254nm7F UV

1 F71Ede Wshdds ItgAcs Z4sted %ol o8

t} (Edwald et al., 1985).

A2 Type A/E Glass Fiber Filter (Gelman Science)® A}83lo] of w3l &

59

l-cm -

sk

celle& AFR3t] 53 254nmol A spectrophotometer& A28 274 5
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(3) Specilic UV Absorbance (SUVA: UVas/DOC ratio)

UVt DOCE &A% dolHZ ¥y eR UVes/DOC B E e 5 e,
ol e AW Vs EEY xslgnE deblle AZ7E ¥rk o wrF wod
Aol B3 onsm NOMo| Bttt B3etn &
=l gAd g wa SS YeRo wivlel] of v]7} vrew NOMeol XEahgl Aw

% ogaw olRold olge vuulm, frlvael 4R ST syBol B

& oln 3kl (Bouwer et al., 1995).

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

A% Babga F THM A4 A5 S veEldlE THMFPS GCE o] &3
By Aol o]l2 HAe st WHOR liquid-liquid method(ef-o F &9,

Head-space, purge&trapel o] Qlth ol g Hxjel Wy & B AFolA 3

g a9t 7H gse, @yl Helva, Y FYNE 9e F AUk

32

Head-space® & A&k, o1& #1& dAe] e tha 2o
2% A2 Standard Method ol &3l 248& Al8stl o, THMFPo #
Al Uy g A4 dn, AFda w57 5% bdE 23E vEde
Wow US. EPACIAl AlAlE 9 (UFC : Uniform Formation Conditions.,
Scott R., 1996)°ll &3t} APS Fhtdom, old dig dAe]l Wi oo
darel] ols] dgE Fasdvh

=)
A

pH &8 borate buffer® A4 2.0 mL/Le] vl = 73k}

@ 23, H:S0yNaOHZE pH 8027 Z A i}
@ ¢% % A5 E incubation bottled] 3/47F=F A&t}
@ Al ®9ol hypochlorite-buffer solutiong 24hr$o] ZHFda s =7}t

1.0t04 mg/Lo]l HEE 94 FUEE 2T

© HAollA T3 F& FIFe A5 Hors &

L,

bottle capo. @ WE3I 23] g0l &9,
® headspace’t Q1= el dto] hEW ARE 5 A9
D 103 &=o0] Fr}.

® 24hEoF 200C=2 & incubatore] A vl &Fshc},
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o
L

A7 S5 standard methodoll 2lgho] B] @ A E H(NasS:03 - SH0) 8 of
S3k of o] ff 0.ImL7t Smge I GaE

A A2 2 7)5te] Gas Chromatograpy & ol &3] #48 Aldlstich

Table 3.1°& THMFPEZ ®EA &7l 93t Gas Chromatograpyel #4 =2AHE&
Efi oz gl Aol
Table 3.1 Analytical condition of GC/ECD
Item Condition
Injector Temp. 200°C
Detector Temp. 220°C
- Initial Temp. 60T
Initial Time 15min
Final Temp. 60°C
Total Flow 12.24 mL/min
Column Flow 0.61 mL/min
Gas N2
Detector ECD
Column 5MS(Crosslinked 5% PHME Siloxane,
30mx0.25mm >0.254m)
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A 4 Ax ol
41 5 A5 A 5y
dglon dwdor gol ASHL it AEFE ol §ekel HPL M5
Aov) g5l £72 H4e Table 4l Uel2Eh Table 410 vhebebuist 2

T f7lE vRCE tha wa, @ EvE e wE 54% B
Bkl w2 UVasigts vEbda v
WS spebEdat AE e el uvele Fasted s

olo] u}e}

b mE 54 2AAR w2 TOCE

CEE AR TR EEES

o] F71%

AW

1]

N

e a2

Table 4.1 Characteristics of raw water examined

Parameters Raw water
1 empsrature 20~95
(T) -
pH 70~90
Turbidity _
(NTU) 2~10
UV 0.05~0.06
(cm )
DOC
/L 2.0~35
SUVA
R 12~-23
(L/m/mg)
Alkalinity 15~20

(mg/L as CaCQO;)
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A2 A5 f/1Ee] AW RRSAY ARvAaR A4S

Table 4.22F Fig. 418 59 #7145 AdE Zhzhe] SUVA (Specific UV
Absorbance) gk 8 VHERURITE AF&¥l fl4e] AR 2 AEo]l 53%, fulvie
acld 32 9%, HMumic acid 15%% WElsEUE Table 4.29] vheld w5 71409

SUVA 423 Abgsl ¢la2] 4% SUVAZLe] 206% vhetwten 2 {7184

pt

4 SUVA &AHZ3 21424 A Eo]l 1.43, humic acid A ¥o] 130, fulvic acid

Aol 3460x JrEbETh uwhelA] pEEad ol Bdo] et a4 {71 ERQ

ro

fulvic acid A ¥o] v] =

SUVAZS Holx 9ltd Edzwald®t Van Benschoten

(1990)- SUVAgkel ool we fr7ie el As4de vehddsd 30149

Qo] & Aew JtehslojAy HelF Ao A

SAl Ao AgEH o] EA dalsolqor & Ae)rh

Table 4.2 Organic fractions on DOC, UVs: and SUVA in raw water

Fraction DOC (mg/L) UV osilem ') SUVA (m /(mg/L))
Raw water 3.22 0.06 2.06
Hydrophilic 1.7 0.02 1.43
Fulvic acid 1.01 0.035 3.46
Humic acid 0.46 0.006 1.30
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E
E 31 [————
3 HE DOC
:(’ [ SUVA
S L
2
72]
o 27
<
©
=)
o .
E }
o
(o)
O
0
hydrophilic fulvic acid humic acid

Organic fraction

Fig. 4.1 Distribution of organic fractions on DOC and SUVA in raw water

Humic acid
15%

. ] | hydrophilic
Fulvic acid 5304

32%

Fig. 4.2 Distribution of organic fraction in raw waters.
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7R A BRo W E AEEatE AA5A2 Figo 43¢ GeRWdc €
Fo) Ay THMFP® STHMFEP (Specilic Trihalomethane Formation Potential,
=THMFP/TOC)d & A3 THMFP2| -5 H44d

3 715, Fulvicd humic 2 #2]

- TOC =3 wel A4 {5718 d#ol oF 15pg/l, Fulvic acid °F 13
1g/L, humic acid A& oF 10pg/LE viebar gl ot STHMFEPS A9 4

FU1E A R0l ¢F 9ueg/me, Fulvic acid ©F 13pg/mg, humic acid Ad# <] 9F 23ug

/mgo 2 AR dldte] A4 ARl Fulvic acid®t humic acid A ¥ 2]

o) = o] = -
A @9 {FUIEG e B2 ANFAEs AN dEe d 7 3
oh wEbd THM fEd 2 254 Aol Fag 932 s dexw 3d

substance”t ¢ THM AFE @& 283 Busided & A+ An}t {
ARSE A g LPERW AT
Fig. 4.4% A&9 5o ek Fr18e 2 5 i

B o =
=L e

,4
ok
o,
A
o
=3
Q
O
24

el slolth Zhzb 30kDa o]/ 26.3%, 3kDa-30kDax 23%, 0.5kDa-3kDa<2
12.3%, 0.5kDa ©)3}y= 38.3%°] X & vtebWlisivh webA 10kDa olste] A&t

it
i)

o] A% oF 65% ol AHdT 9em 05kDa olghe] AR FI1EHC

)

§ 9F 383%E H TEE Kol Ut
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THMFP (ug/L) and STHMFP (1.g/mg)

25
—
| —@— THMFP O
20 4 O STHMFP
[ B
15
10
5 -
0 T T T

hydrophilic fulvic acid humic acid

Organic fraction

Fig. 4.3 THMFP and STHMFP of organic fraction for raw water.

>30kDa
0.5kDa>
38.3%
10kDa-30kDa
7.8%
3kDa-10kDa 0.5kDa-3kDa
15.3% 12.3%

Fig. 44 AMW distribution of raw water for DOC.
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DOC (mg/L)

I Non-fraction
[ Hydrophilic
Fulvic acid

3 Humic acid

l

Raw water

70—
I Hydrophilic
3 Fulvic acid
Humic acid

preozonation coagulation

Process

postozonation

Organic DOC fraction (%)

Raw water

preozonation coagulation

Process

postozonation

Fig. 4.5 Changes in DXOC on organic fraction after each water treatment process
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0.07

0.06 A HEEE Non-fracrion
{1 Hydrophilic
3 Fulvic acid
0.05 A [ Humic acid
‘e 0.04 -
L
-
&
="' 003 A
-
0.02 4
0.01 A
0.00
Raw water preozonation coagulation  postozonation
Process
60

Organic UV, fraction (%)

BN Hydrophilic
{1 Fulvic acid
8 Humic acid

Raw water preozonation  coagulation

Process

Fig. 46 Changes in UV on organic fraction after each
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M Non-fraction
I:l Hydrophilic
Fulvic acid

E'_j Humic acid

SUVA (L/m/mg)
N

Raw water preozonation coagulation  postozonation

Process

Fig. 4.7 Changes in SUVA on organic fraction after each water treatment process

Fig. 487} Fig 495 AF 434 §712 448 45Y0E 4488 wrlea
ehigich §71% 448 THMFP @3 STHMFP @8 22 eI, f4e] 4abel
e AEPAE AHEER B o0, f71% A BYld B BEs Uehn e

~5t

1924445kl dlste] Aol =2 THMFP #tg vepuia vh =3 STHMFP

ch‘,

3% humic acid el @ash 7bE wheAdel 2l Uehle} Aol 714 27 vt
sk Legube et al. (1990)9] Q7elAE thg 715 A vla) 58 UV $4% 3t
& e = humic acidyt fulvic acid?t A2tz o ®2 2o THMEP2 TOXFPE Ve A
AABREE B ATAE fAbR Aee Uit eu STHMFP &35

K

humic acid Ad&¢] o2 A& H&] 7} B2 £25RAES 348

*
e
N

o7 YelytE
Hl °]i= polyhydroxy aromatic 755 7FA& humic B39 5444 Be 2554

ApgdEz AgEel v gkd®ch Crouest Martin (19939 7o <shd
wlvhydroxy aromatic 7325 H 7 Q¥ humic acidi= THMFPSF TOXFPo| d)s] 44
Aeow =2 vhgAdS vlepAvka stelon] whdd SF A 23] humic acid

++ fulvic acidy hydrophilicell vl Aefxel z}A 7 dojtrla shir
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THMEP (ug/L)

STHMFP (1g/mg)

20

I Hydrophilic
T Fulvic acid

Raw water preozonation

coagulation

Process

Fig. 4.8 Effect of treatment process on THMFP at organic {ractions

25

—

!
|

d Humic acid

postozonation

IR Hydrophilic
T Fulvic acid
3

| Humic acid

Raw water

preozonation

coagulation

Process

Fig. 4.9 Effect of treatment process on STHMEP at organic fractions
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THMFP (ugiL)

32

® Rawwater [
30 O Preozonation
¥ Coagulation ®
28 4 ¥V Postozonation P P
® oe
26 ~ o
Ow O
24 + vO O O
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