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Evaluation of effective parameters on THM

formation by chlorination

Yung-Shil Park

Department of Civil Engineering, Graduate school,
Pukyong National University

Abstract

The purpose of this study was to find out the several factors for
affecting chlorine disinfection by-product characteristics by reacting
chlorine and organic matters in the aquatic. The results of this study were
as follows.

The concentration of trihalomethanes(THMs) were increased with
increasing dissolved organic carbon(DOC) and the trend of THMs
production was parabolic with increasing organic matters.

Producted THMs reacting with chlorine increased straightly for the first
4hours and the range of producted THMs for the first 30 minutes were
25-43 percent compared to that of producted THMs for 168 hours.

When keeping up the concentration of organic matters and change that
of bromide, the quantity of produced THMs did not show distinguished
difference with the reaction time.

The result of THM production after 4 and 164hours chlorine reaction



time with bromide concentrations, the more bromide concentration existed,
the lower chloroform produced, however, bromodibromethane,
chlorobromethane and bromoform increased with increased bromide
concentration. This three kinds of THMs were not influenced total THMs
because the produced these three were much smaller than chloroform.

THMs was gradually increased although entering in the PF phase at
4C, however, THMs were increased rapidly in the IF phase and then
became slowdown in PF phase between 20C-35T.

THMs was gradually increased although entering in the PF phase at pH
5, however, THMs were increased rapidly in the IF phase and then
became slowdown in PF phase at pH 7 and pH 9 and these trend were

much more clear at pH 9 than at pH 7.
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9] HAHF7)EZ(natural organic matter, NOM)E<S 83tz gt} F3=9
THE NOM2 AFAH 2 TAHAA g e dEdz nadxu 9o} w3

NOME 24t AFEA A|dEd thah AA 2 4 - #e
H, A7 =9eE B2 %S vAL 3o (Mallevialle et
, 1996).

G dF EASE AP A< NOMS humic acid$t fulvic acid Z2& 4
/4 (humic substance) £ 244 (non-humic substance) &z 74
HolA i, gk 2719 fr)1EAR A A gloh w3 humic acid$}
fulvic acid 2 A5 {7182 E5L& Exzko] 300~30,000 dalton(Da) A%
o] polymer® o] 9t} (Stumm and Morgan, 1981).

Sl - 2o ARGt A5 Fo FRol A= & - F1BAe Ashy

Brad a2 - Feaddd viAE A4 A A8 oy
ax FAS Adst v H2els SEFoA wpol s dAEES 2
A MAE Sl AF AT ket A olE 4% TAC Ui B
dol B Si=a gl A5ggdA 4%54“ FARE dact 0F, of
At n, FREGY T

s -
= (disinfection by-products, DBPs)ol w3t #io] Zdidn ot
(Ashbolt, 2004; Monarca et al., 2004).

Wl Aol = AREY] ZHHA diE o] gEE 948 ASARE A gsn
Atk daA el oshA LAEE L2ERNEE 2= trihalomethanes(THMs),
haloacetic acids(HAAs), haloacetonitriles(tHANSs), haloketones(HKs), chloral
hydrate %! chloropicrin 5°] 20t (Singer et al, 1995; Krasner, 1999). &
7hAL G P AERAEAEL 40001F o]Atolw (Fawell et al, 1997),



A7lee] 222 AFA deAe 44 250 EY T/He AE Frstn

A= FAolth (Richardson, 2003).

Mo

olsh o], Y £FHAF WAAE T - Ho2 WAFAE setn
o, o] ga AN o@ FAE W FHHAE FAolT nR
FHHUS EPA)NME 1994d 79 A%5/2%5% 2159 (D/DBP Rule)g A3

{t

st dAE R S24W FH 38 F = (maximum criteria level, MCL)& A 3}x
AUtk 1 Ao A= F THMse MCLS 80 wg/LE2 A3t on, 71&o] 73}
o2 dAdME 40 we/Le A At WM E HeEs FA7FE
THMsZF 100 pg/LE 23etA] FEE FAsHow, 20023 7
A udE AAE A% AFAHNE NdY =Y A5R2AEE BErE9
gd 2 A3E AR §F He B FEUNES A¥sa st &, chioral

hydrate, dibromoacetonitrile, dichloroacetonitrile, trichloroacetonitrile,

e
1
ki
fr
o
dg

dichloroaceticacid % trichloroaceticacidet #-2& ¥4 25HAEES WA
Agm oz Adste] tAsta gk

=W Fa ’b‘?%?oﬂﬁ o AEFAAE A5 E =4S Kim et al

P oAl THMs A5 0] 39~66%, HAAs

"3““‘01 6~-42% HEE AAst= Aoz HAsAY. Lee et al, (2001)2
=W 4t} el AT AeAEg gideR HE AH Ao e
N Fh AFTE FEE ARSI AU olEE da a5 YAE

THMs<} HAAs7} 2= 8k ° T
Aot vl vy 58 Hdow Husgrh o5 ¥ &3, THMs2t HAAs
oS A dE RE vbeAdel e EdE EFHel gtk (Bull and
Kopfter, 1991; Zavaleta et al., 1999; Xu et al., 2002).

oleb & A 2FFAE A sl Fa dPAAERE FF Fi
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Snabgel A4l old s me dedg AL Aoz ddd Ao
(Amy et al., 1986; Muller, 1998; Chang et al., 2001b).
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2.1. 349 #7]1E 4 (natural organic matter, NOM)

HAF7I €22 F2 humic substanceZ2A ZE EL3 4 AU &)
3 Aoy & ALAY BIEHE FYsts W B xS 4 &
7] gEoltt (MacCarthy and Suffet, 1989). =3}, humic substance® 2%

Folld FA:HE lignins¥ tannins®] B L&A o] 93te] phenolic
polymers7t @A €t} =3 phenolic polymerse Aol AY =& uAYE o
WAREE 3 Aeteted mAEFe] afA §71E82E #4384 9. Humic
substances® A TFolA EEF71E4(DOC)IS 50%E AA|sti glon Ez}
¥ OBEX 9= 500~10,000 dalton(Da)e]l ®WHE Ayi 9t Humic
substance?] A= AHAAET7I HItdEe o)t HEHW, FFolAM
A" Az At =7 FA AL odyoh w3, FAe FA
oA et wEs Filed A5RAES FAMeA AY (Krasner et al,
1989).

Humic substancet™ FAolA pH W3le & Lalx EAo 9a) fulvic
= pH &394 &
of &34dolar, humic acidx= A A (< pH 2) £ oE Aol 284 0]
ot 283, Huming oW pH Aol % Eo 3512 =1} Fulvic acid
of FAEE Ay Ho® 500914 2000 daltond Yol humic acidE 2,000
dalton ©]%}9] & 2% 7} (Thurman et al, 1982). ¢¥tA S 2 humic
substances®] 80%< fulvic acid® ®HF% W 20%+ humic acid® 4 5 o
Atk shARk ol e 3k {FUlEe FXE AlEste Ao FAEAC vy oY
Al JErda gl

e A Wi gty 7148 $3te] humic substanceE et ¢l
= ATl Wigk A5k Wol aEo]l gkoh (Miano et al, 1988; Day et
al., 1991, Aiken and Leenheer, 1993; Korshin et al., 1997). R Z oA A e

v soil humus® peatd] 84 FRolt AHAEozZHE Hd4%EH 4d F#9

rl

acid, humic acid®} humin® 2 % F 3t} Fulvic acids 25



B2 F715g 2 o8 f2¢€d (Hall and Packham, 1965). 322 EoF
W humic substancei= cellulose®} ligning X &3} 2 &9 HojgRE &
et (Malcolm, 1985). stdoltt 55 %3’% 2L AT TR de
DOCe F=2 Hel B f<d==  allochthonouse]th, o] & 3
allochthonous & 49& 3 dolut A FeA F2 EAste 9|,
autochthonous F49 & ARE SpoA BE DALY (Steinberg and
Muenster, 1985), ¥4 &2 23258 F3} (Malcolm, 1985).

Humic substance®] FAAEE 21719 fFot FEuo ue} copysio.
AAgo] &EH o] 3= humic substance™ o}vli- Atz GE X uE @ wbar
= A7t £¥Eoe] 9lom (MacCarthy and Suffet, 1989), T3 humic
substance= U¥e &)oY HE aluminium¥ iron® TA e A3
I BA S ¥b&3t}t (Thurman et al, 1982).

Humic substance?] 74 A& 71 SAdo] wal Sxlg] FEokoA] cjekat
ARE AFdct wepd gokd B wws 38ty 7148 %38 humic
substance®] 5/ 3}at7] 9lste] A+ Ew glvh o2 3 humic substance T+F
A B2 WEE AEE AYn 9dov carboxylic acid, phenolic-OH,
carbonyl, hydroxyl group2 AYi At} (Thurman, 1985). £33 humic acid
o WEE ALY FHEe] o9 phenol?|7t o Weo] dHHo] glomn
fulvic acid carboxyl7]l & o %] %32 ot Wb humic acidd] A S
fulvic acidell w|ate] A=A Aol O 7sl7] wio] FFd A Lo v
A dehdo a22eg dnbdel g5 A6 9loJA fulvic acid Ao
humic acid Ao Hlste] o o] EAj8A 5= ot}

B R
flo
N

-

2l

o

=2

rH

211 A

l 49 ¥
A 57)

2748 7FA+E humic acid, fulvic acid$} 244< 7}#

o
i
i

7
2

r"lo
)~

m{u

+ non -humic substance(c}u]=AF whalal A B F 71353 3lstE)n R e
T Nen, olF g°&t¥ Table 13} 7ol Yeld £ 9lty (Douglas et al,
1993; Edward et al, 1995).



Table 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= ©%3d pH Z7stolA) o tist Sslxo] wet zhzt
e deez BR¥ 4 gled, &35 wet 2F¥ humic substance:
Table 29} #Zt} (Swift, 1985). 5o 484 humic substanced EFE 2
= pH A B3 42! fulvic acidet pH 2 o)tell A 2449 humic acid,
2 S84 humin®® yddh Fulvic acide A4 Fojd £424
EAst, 1 EAERhe] deage Fatete] o] Aol Tt (Leenheer et
al, 1989). &2 M%:=& fulvic aciddl ¢} 2% 2 (Wilson, 1959), fulvic acid
= humic substance ¥ 7} $ 84 AMEolEZ giREo g Fola
humic acid ¥t O %& =2 £A43} Fulvic acids dF29] a4 =
A &FF humic substance? 90% BEE 2AAsta glow, Uz 10%E
humic acid2 "4 9o} v} (Malcolm, 1985).



Table 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

2FA F718 FolA humic acid® fulvic acid® 2 F
=

%29 NOM-2 humic substance®} non-humic substance® W& 4 glo
™, humic substance Z2FA4do] Z3ste &3 wme &6 g8 AAA 2 H
+ WY nonhumic substancew FAdo] Faith ol9p o] {HI|EL B
e Mo et FFE £ J3, BAH 50 gHaME UyE £ Ao
58], BAg 540 mE R2HoAE A, @A F A4 dE sgEy ¢
& ARA TS E obu Al AR 2 ARA fUISFEERE UE F
Art. HERE APGE Yl S 2 RN dHs T T AR r B i
7F Fhestd. = U1 B ol2u g Al XAD-83 XAD-4 FA &
o gst] A AFAH RS ERT S duh pH 29 A kA
AL XAD-8 FAo F3o] dojur, Fa¥ f7 &2 NaOHel| oldte] &
2wzt gk =

2

otz A Al A humic acidys HAEZ FHAHA st 273

™, fulvic acide &&EAH o2 FEASA dle] E7F3 (Leenheer, 1981). I



4 22L& XAD-8 FAE o]&sle A5 EAL £ & XAD-4 £x &
o] &3te] pH 2014 FZoll 9o|ste] RF 3 (Leenheer, 1996). Table 3<&
NOMS| Al &3td £7/9 2 A¥o st 3354 5S¢ Jehz gl

Table 3 Natural organic matter fractions and chemical groups

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

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 -




212 AQAF71EZ Fx3 54

Humic substance® TFZ% A< ¥&xA ¢etot carbonyl, phenolic,
alcoholic, hydroxyl, carboxyl, methoxyl 871 7}x W& 33422 A
A 3ot (Edward et al, 1995). % humic substance®] F¥ &7
carboxyl acid, phenolic, hydroxyl, carbonyl group® 2 FTAEHIT 9 ou
(Thurman, 1985), 2% A+ &AEL sulphonic?l 9] &A% AH93t99 . Humic
substances F oAl humic acid®} fulvic acid ¥2= E338 2358 1z
ZRAGL Qe hEAR gttt ojyle] RalrzE WEE a1y 729 v
A7b o2l Jh 2 mEA Fejolx, th7l phenolic®} carboxyl 2Hg7]& AU
e wgat ol pHel wEba YA 3H(protonation)tt  ©oF Al AL 3}

(deprotonation)7} E F% it}

Carboxylic — COOH < —-C00  + HY - 1)

Phenolic — OH < -0~ +- g+  ——_______ 2)

2k A, humic acid®} fulvic acid #2E th7] 49445 pH ZHAME 99
A A(2)9] whgo] uet @%A 2} 3Hdeprotonation)d © 24 Lol &4 ¥
HE 53 de o7 20l (polyanions) o2 &) 8o}

Humic#t fulvic acid®] 4AHd 28719] t2E 48 FHA B8 Q5e
Xt Qg 59, 2 WL E10~15 peq/mgC at pH 8.0)2 7} fulvic
acide= %2 AP x(5~10 peq/mgC at pH 8.0)& 7}z humic acid Bt} A
stz gtel 9% setA ol o oAl 53], hydrophilic acide] 7S pH
80 oA 45 neq/mgCel %2 FHstE wu o] 3ol & A 743
ofeE =Holth Ag7tAe] AT A4S A9 humic substanced] 5 of
FA FFoll EAstE DOCE humic? nonhumic substance® o] Fo1# )
th 5ol EA8E humic substance ¥ 8-& 4254 AL A1 9

s
Aolup & o8 AAZ o golstA 9, nonhumic substance S



(hydrophilic acids, proteins, amino acids, carbohydrates) FAd oz A A
FAZY 449 A dig AFA ZA FAAFHA &4t (Douglas et
al, 1993). 18y, H< non-humic ¥+ % humic 8 Bt & Iy s
433 DBPsE dAT 4 ddz Bausx o (Hwang et al, 1999;
Chang et al, 2000b; Goslan et al, 2002; Kitis et al, 2002). 131
non-humic F#<& AEHAol FAsted BDOC(Biodegradable dissolved
organic carbon)®] H¥&o & H|FL AAFIYdr BuH T Yt} (Croué et al,
1997; Fahmi et al, 2003). @W&tA nonhumic Ed-& FFAA 9 we o} A
A% FHUAA A2 AT el H vk 2822 humic ¥3 ofyz}
nonhumic #-#¢| ¥/ £ T8 94“]% 721t} (Leenheer, 1985).

F7le Ao $Ad 287 B A AT

2 0]l A =
ok

i
_{
of
o
Z
)
=
o
mrﬁ
O:
r

< P gy A e fU1E B Fo stve 29 Alekel whe o}
of AAWelA EEH= Yoln, F2 AW X002 ligning A FH3A &
T wEE sEEe) ¢ AR A vl EdoriE 2" {2
& FAAANA FAYE Ao 2A lignine §rko]l AW o] wo] ligning 4k
= SgEe A4S Weol sty At webA, B £ NOM2 §
&

°] NOM Bt} w3k 313159 wo| a&3t1 9t} (Edward et al., 1995).
Table 4 humic acid®} fulvic acid®] 54 & veElWHA Y Table 49 e}

W 2719 54l wE humic substance®| 4 A¥el #I AFE B
AFAEANA old sFEEY F2E ¢ ZF oFsted =8 FAL
MacCarthy and Suffet (1989)ell ¢} humic substance?] A4 A E L #%

719} el vlE g By A AEe o] ¢ & humic substance

o A SAS AT w53 ZdE el AAA ¥k Humic# fulvic

acide]l A4 A¥e #Fe A4 oz ¥l Humic acids @9 A9 F
At Al el A AAE FF38ka, fulvic acidy T EAw AL A Ro)
DAY 3 Jje] AXE Tk Maleolm, 1985). Y4 EA Hg Eapwr

AHOZ fulvic acid®] HAFAQ 24 o] CsHssOxN(mol wt = 1,230) 0 2
Aerd vl o (Abbt-Braun et al, 1989), vl Suwannee 7+¢| fulvic
acidoll gt ¥4 o] CyHnONo7(mol wi = 1,700)0] 8= Aol Al¢ts w}

_10_



1% (Thurman and Malcolm, 1983). Hydrophilic acid®: fulvic acidel H]3)
sugar®t amino sugar’}t A& H]Fo] v}l EF fulvic acid® humic
acid Bt} & HASUEE 7Hxx o], Bxlgko] 23 carboxyl?]e] &Het
°f wob XAt whgstel EetHs 977 o}tk Humic acide fulvic
acid B4t &29] Z7]7} Ay 9 o] =vh Humic acidel 74 9= C,
H, O, N, S, Polx, &4 3ao] 50% olAtoln fulvic acide AHAE wo] &
w5t At O, N, S #He 7= 2d, ¢FuFdd 2o a3
T2 Al ligand2 2HE-3c} o3 fulvic acid® humic acid®] 7]

Fig. 17} Fig. 2] Yebiglot.

e
-4
BN
]
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Table 4. Characterization of humic and fulvic acids

Composition Humic acid | Fulvic 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
0755 ppm (C-C) 23 36
557 65 ppm (C-C) 8 8
Carbon 65~ 95 (C-Q) 12 16
m -
distribution - PP )
95 110 ppm (anomeric) 4 3
CPMAS 1107 145 (C=C) 21 12
m (C=
B NMR . PP
(%) 145 7160 ppm (¢ -O) 9 5
’ 160 ~ 195 ppm (COOH) 16 16
195 7 225 ppm (C=0) 7 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 (7°C NMR) 3.4 34
groups i 13
Alcoholic OH (7C NMR) 43 51
Phenolic OH (titration) 19 1.6
Phenolic OH (*C NMR) 39 2.1
Molecular weight 2000 ~ 3000 650 ~ 950
(radius of gyration) (710 A) (76 A)
Carbohydrate
o below 10 below 5
(%)
Total nitrogen (as amino acids)
below 25 below 20

(%)

_12_



Polyhetero Condensate

OH

g of Organic Matter
ne” | CH
| .
~
HC 0 \C/CH3
C C
(6] C O 0O
H,
Fig. 1. Structure of humic acid.
OH
! oH on e
HO— ¢ 0-------- 0=C C—C------ o=c H &
OH
0
P N _ OH
HO C\o“' ‘O‘T 0 o=¢ e
HO, OH N OH OH
" Il ~om :
0 0 !
4 : :
c : Oy _Q----=--==-" o
o oH o OH o L
[ Il i ~OH
OH—C 0------ H—C
° “Ho
(@] N
c=0 c Z .
| 04 \OH C\ S
¢=o OH t=0 OH OH OH
OH o

Fig. 2. Structure of fulvic acid.
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213 AQAGVNEAZ) A4E E799
dAdr7lede 5435 W 98 71X ok A2 7% Ag 5ol &
FHY SEES /F71EE S OS AdsA Urold SAHsE 4449 =4
Hol ok FFAJA FAFHOZE F F7)ehA(total organic carbon, TOC),
£4&EAM {7l A(dissolved organic  carbon, DOC), UV F3Z(UV
absorbance), &3}7t5 3 7] &4 (assimilable organic carbon, AOC), A% 3|
7be ¥ & &7 e (biodegradable dissolved organic carbon, BDOC) % o]
£F 0% Aistd f718E 538 A 47189 724 549 o
& ol2x¥FAE o]&3 WY {2 ZRY) B B I (apparent
molecular weight distribution: AMWD)E ZA3}7] 93 gel permeation
chromatography (GPC), ultrafiltration(UF), X-ray % o] 2t}

1) o] 2ugFA o o BF

XAD 4= 4 humic substance?] ¥ FE ¢4} standard method® A
A= et (Thurman and Malcom, 1981). Humic acidQ} fulvic acid,
hydrophilic acidv= XAD-8% XAD-4] 28 ¥z ¥t} = Hydrophobic acid
v XAD-8 A F253L, hydrophilic acidt= XAD-4 Fx|o F&sHE= 4
158 o]&ste] Eald 71 gl (Malcom, 1985). 3|0 &9 fr|E4de
NaOH< ol &stel 2ol A &23A1Z 57F glon 75~100%2 3B &S o
= 7 Ut (Collins et al, 1986). o] 2n 2|0 3 G718 7
A ARSI At AR, o] 2w Ao 93wy
st dAje Z|zbo]l A7) wjitel] w@e Alzlo] AulHW, {)E
Aol olste] o] 279} DH-J Hstel] W F7]E9 Ao Wt
Aol ARGl W 3] Ego] EbAsA Hule @S kX Qo

CJN
n_tol

2 UV §3%o o8 2§
NOMe| shetd FAHe g &8, AR HEs} FE, AHPAT Y
4 Fol AL nAE Fa Ax o shifolth ¥ TRA WEFE AR

U &3 o] F A3 conjugated double bond) TFEE A= &7) 3EE L x4

_14_



SAUV) HE FFste A2E X dd wekA, 254 nm HFol A g
UV F3%X+% humic substancesS #H/3% 29 DOC &4 hgoz A&7
of g§¥yolx I =AWolth UV FFE H](speaflc UV absorbance,
SUVA)E UV §%#% (m')/mg DOCE Uelle gozA §7)5e 549
3 R AAZEE YEWE 43 AFXZ AHEH Aot Table 59 A 30
YEtd Bke} ZHo] humic® fulvic acid®t 22 hydrophobic acide Al o2
®< SUVAE ztEth Reckhow et al. (1992a)0] wEm 2 F 4o s
¥& SUVAE Z+E humic AEL 70-80%¢ DOCZF A" uid
hydrophilic neutral®] 7% @A 10%¢ DOC7} AAHYYGR B39
Edwald and Van Benschoten (1990)2 theF3gh 4=¢lol thsle] SUVAS =A
S Tl SUVAS #holl @E {71849 ANk 5E4E g3 2o BFa49
th.

la

1
:4~5 m /mg DOC

4% DOC HEE #2 humic BAZ o] %oz glon, Aydow s
WS 224 39 EEE wol &3t 9tk DOC %7t 1A AR

. g3l o) DOCY) Al A7} %oliﬂt}.

1}) SUVA : < 3 m /mg DOC

NOM®| %84 A= SUVASH 1,000 dalton ©]/del #7]1% el Wiy
Aottt 5, NOMe| b wap@e] S7hghel wel SUVAZE F7sbth. SUVA
7} Z}? NOM2 doiAdez gisjdel ok DOC AA7 &olstth =, ¥
Aol & BhghEAl MY Eage] e gl Axng B o 4

o &olstttk. 1 d2A NOME & Hed 49 4

2,

2

57 el A A L
T AR AFH AReR aRa B4 ARz 2EE HFEo] SUVA
7t A o' wrobx]an ofo wpet ARl FrhE A "ot
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Table 5 Characteristics of NOM from Forge pond (Reckhow et al., 1992a)

Charge** SUVA
Fraction % of DOC* AMW#
(ueq/ mgC) (m”/mgC)

Hydrophobic

Humic Acid 7 70 5710 6765

Fulvic Acid 38 30 10715 4745

Weak 4 65 5 3.5

Bases 1.5 ND - <1

Neutrals 8 35 - <1
Hydrophilic

Acids 8 40 45 1

Bases 3 60 - 3

Neutrals 22 40 - 3574

* Initial DOC of 6.6mg/L
# Apparent Molecular Weight as % of DOC
*+ Negative charge density at pH 8
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22. 94 AFRAE
221 94 £25538 QA

o= Abgo] hEdtn, IRl &L olHo| ol AEAF FA
A dubdo R AEsti gl AFTAHoY dav 95 Fo EAse 9=
Hobd Aol A7, /2] AHdat SA6 39 §718& A3A 7Y, Z5
Ao Ao A FAS sigrA HAA v B 9% 23 9 WA
HE 25AZA o8 AR | 94

&

2l 7HA el = T
¢H A A (Rook, 1974). webM 2 E(03)0 ) o]atstd 4 (Cl0) 9t Ze

ithd
-
o
&
juied
Er
rir

o
ok
=
v
2 B o2 g

A 25 e dyel FoHw 9
Fig. 3ol vhehyd wlgh o] A%aelel Agslt 4% dstalst £30 =
At 77184 9 gl 4

9 Rolg o] Meey AERARGE W ¥
HE, ole g e BaE 3 A6 98

AlE A

Reduced Onidized
Inorganic Inorganics
AN AN =3 o
AN Py
1 S S a
8()(1 > OH
Nk P
7 ~ 0
<0, e ,/ N N\, 10,
L —
Oidized
x .
o NOM

NOM + Br + NH; + Cl, & CO, + New Organics
+ smaller NOM + N, + CI
i
{THMs + TOX + HAAs + Aldehydes + Aromatics + etc}
Fig. 3. Schematic illustration of reaction of various oxidants with natural
organic material and reduced inorganic substances.
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Fa¥rt ofyet AeAe FAAAM AL HAE NHLl 0 ClO9 22
ol EAstE NOMI HE0]2(Br) 2L & - %7 AFEFES

T A5FAES A Y. a8ln pH, 2, AR Abs)
A FUFEG IFFed 2L 98 1A QaEo] A5RAE Ao dge
o] 21t} (Singer, 1994).

Table 69 Cl;, NHoCl, O3 % ClOz0 98l B 92 Fa3 LAER
FEES UHEHATE (Stevens et al, 1989; Xie and Reckhow, 1992). o] & 3t
T ASFAEY A BE TR 2UA £ Sd¥AL HE &
si2d ol Rook (19742 A FolME EAsHA @toy A4S Hd
A2}l A chloroform, dichlorobromomethane, dibromochloro methane 9
bromoform®| 47} &2 s3HER o|Fojzl THMso] AAHE AL A&
2 sty E=g Ae 227 THMsHe 284S £8 sz A
= fdEEe] THMsY AFEd2 28392 Wik Babcock and Singer
(1979) = daxeed o PAEHE THMs 55 $F9 TOC %o U3
AT Y Bastg

Krasner et al. (1989)> 1988l Al 19891 Apolo] m=o] Ao 93
B AFEE Ao R  trihalomethanes(THMs), 5 3329 haloacetic
acids(HAAs),  haloacetonitrilestHANs),  haloketones, chloral  hydrate,
chloropicrin % aldehydes 59 &S FAe Ay A2=RAE = 713 w
Aol B HAEHeE WUEsh & 2R THMsE ZAEQoH, Lo
HAAsZ =AbEAth w3, THMs? HAAsS Htraie] A9 THMs7)
HAAs Bt F ] AT & Ao® AT 312 7 North Carolina® <
STl o] ZHA AERAE Abole] A@AAZ ZAPW Singer et al
(1995)& HAAs® 5%7F THMsS FERt} 40% HE =& Aoz » sty
Tl ol Krasner et al. (1989)7} B 13 HAAs Ho wAzte] HH# THMs
LA 50% Hleeh: Aot AbwbE Aotk mEh o]E9) ol A
THMsoF HAAs7F TOXSbe] A#Ado] vz & zoz Jehd TOX7}
THMs 3 HAAs #%d digh did ANgs &8 7lssldes Ae Rnodiyl

o adEE g A5RAAEe) A4E 7] - 77 dFEHe] ¥% pH, 4

>.
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Table 6 Disinfection by-products formed during disinfection of drinking water

ol
H

Fo AFsEY 2L o2 shA AxEo
€ =0 (Bull and Kopfler, 1991).

or o

1§ 1

&

DBP Class Individual DBPs Chemical Formula
Trihalomethanes Chloroform CHCl3
Bromodichloromethane CHCl,Br
Dibromochloromethane CHCIBr:
Bromoform CHBr;
Haloacetic acids Monochloroacetic acid CHCICOOH
Dichloroacetic acid CHCL,COOH
Trichloroacetic acid CCl,COOH
Bromochloroacetic acid CHBrCICOOH
Bromodichloroacetic acid CBrCi,COOH
Dibromochloroacetic acid CBr,CICOCH
Monobromoacetic acid CH,BrCOOH
Dibromoacetic acid CHBr,COOH
Tribromoacetic acid CBrsCOOH
Haloacetonitriles Trichloroacetonitrile CCliC=N
Dichloroacetonitrile CHCILC=N
Bromochloroacetonitrile CHBrCIC=N
Dibromoacetonitrile CHBr,C=N
Haloketones 1,1-Dichloroacetone CHCI,COCH;3
1,1,1-Trichloroacetone CCl3;COCH;
Mlsgféfr‘&ioggr;;‘:{;’éfed Chloral hydrate CClCH(OH),
Chloropicrin CClaNO,
Cyanogen halides Cyanogen chloride CIC=N
Cyanogen bromide BrC=N
Oxyhalides Chlorite ClOy
Chlorate ClOsy
Bromate BrOs
Aldehydes Formaldehyde HCHO
Acetaldehyde CH,CHO
Glyoxal OHCCHO
Methyl glyoxal CH;COCHO
Aldoketoacids Glyoxylic acid OHCCOOH
Pyruvic acid CH;COCOOH
Ketomalonic acid HOOCCOCOOH
Carboxylic acids Formate HCOO
Acetate CH3;COO
Oxalate 00CCOO0™
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222 944 A5RAE A4 dAJE

1) Haloform W%

T A7 dF dady vgd WE g4 2ERANE FHL o7 A
+H haloform W& o2 924 9t F, methylketone @47t FZ ol
&3kl haloform& A4 3hE whgo|th. Methylketone 2 A}a|%ulk ofue} ¢
& % 2L AstAdl o) AsE o] methylketoned AAsE B
haloform W&o AFE22 58 4 ok o= 29 {782 53
of ol &5t F4, o)dFds, oF FYNALE S g AspA o)
acethyl7] € ¥ ¥st= gE2 AsHolxn. & =9, o8 dzee
methylketone 72 7}A]3 9l acetaldehyde® A AFstftd. wada o
€9 A3 ELE haloform WHg-ol 93] haloforme @A b},

Haloform ®F-&74 2+ Fig. 49 YeEl At Ketone(1)9] enoldtst 249 A
el dzAs) =AM o2 dEEM dojuil ketoneo 3 T ASE(N)

Ach

o] Aot thgell 3 T2l ketone JhEElol oAl XA
ofXIth UHEH o2 olA|E 0 ZHE chloroforme WAL FA

Zl
haloformo] ¥ A
Htoll Al ¢- o2 HuEAdtt (Morris and Baum, 1978). whebx] A
TAY A 2 AgelMo] da HEANI AR AT YMLETE haloform
RE-¢-3 vjwste] 2 wf haloform ¥-o] d52e) #A4olA THMs A4 F
8 wbgo = AztslIE oy

—g A

Ey Al
o] £554E AN humic acid$} fulvic acid7}
FUR HE FEAE S, oA Fart wheste &
U (Rook, 1977, Larson an
Rook (1977) fulvic acide] @A el ola] @a AEXA
&7 2EA Fig. 59 weAzE Zﬂ?fé}oﬂ‘:}. o] whg
Gast g heRe wgo 2R AENA
o] A4z gt haloform ‘?}%ﬂ} el Az} vkl Ui dojdt

o

enolst ¥H&-& Hastx et} 1 A7} resorcinole] @43 whg e wjo w=
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L1 oldel gE gy BFEEF T £ enold

0% haloform &A1 H pHY 9L AA W
gk

o
I~ CI (
R—C—CH, ( R—C—O0H, <*—» R—C=—CH, )
slow
H+
HOX ~——== H,0X | fast
fast
Y
O QO
(ﬁ ~ G (\ OH Il
R—C——CHX- <—» R—C—=CHX | =< R C CHX
slow
H+
fast| HOX ~—= H0X
fast
Y

o, G

R——C——CHX

slow
H+
fast| HOX ~——= H,0X
fast
Y
O
CHX + R—C——OH "io‘_ R_ICID—‘-CXg

Fig. 4. Haloform reaction mechanism.
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HO OH 0 0
HOCI ..
Cl + HzOI
Rl R3 Rl R3
R, R,
? Cl
Cl Cl Cl y
N7 AN
O\\S}QCH 0 O%C ¢ C//0
a (o HOCI H -
cilT™b I alTb l
\C /C /C\ /C\
R{ \C/ \R3 R, ¢ R,
liz R,
+ H,0: + H,0:
CH,Cl, CHCLCOOH CHCl;  CClLCOOH

Fig. 5. Formation of major organic halide products from fulvic acid.

ATEA = 23 — SeRe] > THMs 44 oo 3)

e R e AR 1 3 1Y CO B S —— (4)

AFEde] A4 Adxgdoln 4@ das e Ags me

a1, resorcinol, naphthoresorcinoldl A= w2 o] 18 o

=
=2
e
U
o
a
.
i3
L

humic acid®] THMs A4 498 =27 wfof o] wrgAzo] o)
&2 4

A HE THMsS vl§- 2e dvg=

.
TS
O
o
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223 A7 EAo] g4 £25RAE A vXE 9%
1) AAdF7IER] A& FAE A VA= 9
T J—ZH?S}L‘ NOM &
ZH-g-3hm, T
£ A B Zi?lﬁ]n Krasner et al. (1994)2 %43
TOC F=7F 555 AAHEE THMs 555 Eoiz
. TEY NOM 527} da 255448 A4 vxe
F Atk AAE 5 NOM 557t ZolA4E 439 o
ArEde] 57t mold A4 25489 QAo =78}
A= 7 NOM w9 F7be 9 2738 Sd47)9,
Al A E 9 FUds

=
=
Shal, A% F7hE QaFAFOR dste] £FHATY AHE UE vt

% b
i".L
2
L
&3
olo
o
2
B
et
-
2
i
o
o
ox
>
)
rir
[

i

:'1

FEE QudoR AERUE AHUL %
[e ]
=

Eq}um

o) [ -

e & 4 o

SUVA %9 humic substance® %S 3H3 A

o =2 SUVAE Yehy
A, AR AT E ddFez =du 2eld gt (Owen et al, 1993).
3, Krasner et al. (1996b)2 59 NOMS E#35t9 SUVASH AZRAE
A ETe] BAE A AW, BHE NOME Fod4 & SUVAE 74
T FEEds s THMelY TOX 4% o =ty Husigon, og
Table 7 YetHAT =g Table 894 2 4 q%o] 454 SUVAY
A7) AEFAAE A5 BANME ol fAst Aol g
T W (Krasner et al,, 1996). WalX, UV 3= DOCe H(SUVA)=
Tl EAsts NOMe Waks B4 ¢3S yehly, o)A £33 §7)
o dagt whgste] THMolY t& 94 25RAE2S
A4S vepdc

Reckhow et al. (1990) 1070¢] 5ol A] humic acid®} fulvic acidE e
sl dAaebo] wbeA S AT A UV F3T= humic acidolA 73 =2

H
Y 2A humic substancei* nonhumic substance .

oz

%

ok

¥

o

rir

o

o W - 12

N
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A ek, o)A BEE E49 ol F& yeia FAd ExF =
17V € ¢ du. =3, TOX, THMs, HAAs ¥ HANs A4 %% fulvic
acidell  H]3tod humic acidolA R =A JeElWodn wBausigch A9
1,1,I-TCA 47352 humic acid Bt} fulvic aciddllA A Yehdon, o)A
< methylketone® ¥ &o] humic acidol A Bt} fulvic acidl A o &7 @&
°o® BT XEZ Reckhow and Singer (1985)F Fig. 634 7o)
haloform ¥H&olA F3F WAAEZQA CCls-CO-RE carbonyl groupo.z =z}
R

2
group< A A 22 chloroform Bt TCAASE A

I

Table 7. Chlorine reactivity of the NOM fractions isolated from Apremont

reservoir in France (Krasner et al, 1996)

Chlorine
TOXFP THMEFP SUVA
Fraction Demand
(mgClL/mgC)  (18Cl/mgC) (£gCHCl/mgC) (L/mgm)

Humic acids’ 3+0.2 277+34 5142 4.6
Fulvic acids’ 1.4:0.12 140+5 26+2 3.1
Hydrophilic acids’ 1.20.2 101412 21+1.4 2.0
Hydrophobic neutral 0.27 40 12 2.0

* Average values for chlorine demand DBPFP calculated from four to six

experiments.
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Table &. Chlorine reactivity of some representative bulk surface waters

from California (Krasner et al., 1996)

SUVA THMEFP/C
Sample
(L/mgm) (umol/ umol)
Mandeville Island drainage 5.0 0.91%
State Project water 3.0 0.80%
Sacramento River water 2.2 0.75%
Colorado River water 1.5 0.50%

Fulvic Acid - R'-CO-CH,-CO-R — R'-CO-CCl,-CO-R

— CHCL,~CO-R R=OH CHCL,COOH
CCl-CO-R R=ch, CCl,~CO-CH;
pH7 pH 12 '
R = OFG )R*O\Nx 4 CCl;—CO-CHCI,
CHCl,
CCl,COOH

NoTe: OFG = oxidizable functional group.

OFG = oxidizable functional group
Fig. 6. Generalized conceptual model for the formation of major organic

halide (Reckhow and singer, 1985).
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g A(5)9 /5'(6)01]*1911 %] hypobromous(HOBr)o|Y HOCIE At3ts]= 713}
Aol At

HOCI + Br — HOBr + CI' (5)

HOCI + HOBr + NOM — DBPs 6)

Trussell and Umphres (1978)v= @3] TOC &% %o ojd THMs A =
% (THMs AA#/TOC moDE TOC E##3 THMs %A bromide(Br )7}
A¢s wmniel Bl gvdm wumadnh 18w 59 94¢ bromider}

SAE W THMs®] ¥h&4 5 Wk ofye} THMs A 2o dair] s w2tst
“ THM 44 %2 bromide 27} S71852 o =& Aoz nuayc}

Amy et al. (1991):= HOCI® H]&te] HOBre& &4 o guzel &z A
AL S Tdsisith. THM 4% 2488 Estd oles Ans
&l @A 4 gddon dubA o g HOCIL 5~ =
g Wb HOBr& 50% ©]% THM-Brg A8k}, agy wdg TOC
Zol A bromide =7 F7tetd BHEsE g
o oleig d4He bromide ¥ %7t E7bs AU TOC H%7b 7448 u
b Symons et al. (1993)2 Br /average Cl'H]

HOBr& HOCI®E. Y €4 v we] d7rE2de &
= R A A = e )

Cowman and Singer (1996)= bromine(Br:)& HAAsS &As= 2 3ure
T AH7RbE el glef A chlorine(Clyol W8] B4 © wrgAo] =ohn w st
Stk HAAs ZolA 2 7k %S Br /average Cl'vlo] o] Z#o|th, —1gju},
tri-, di-, monohalogenated HAA®] ¥ X = Br ¥ 4ko] o}F =

LHEfSL G

L)
t)
C
N,

o
u
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224 7EAQATT 94 2553 A W= 4

1) pHE} WEAIZbo] i AXRAE QAo uxE= 4

Morris and Baum (1978)9]) 9]3} haloform A4 ¥H& & methylketone]
ol23} WS I3 1WA WS JFS Wo) witm BIIPL} o
WEE pH7F &4 % o wal APt Stevens et al. (1976) pH7F =7}
&% chloroform A4el F7lete A& #BASY oD, Fleischacker and
Randtke (1983)2 daxxj2lel glolAl pH7F Z7b8bw chioroform A #o] =
7hahs Wi HAAsS 22 vl 34 §r)d940] @4 gasgduin Bus)
ATt

Reckhow and Singer (1984)% chloroform® TOX #Ae| lolA pH7}
chloroform /el wlA= G5 FA3 pHY dFS Aot B3}
Aowv, TCAAS] 42 pH 7 oo dztel ddor Fds) #isdn,
LL1I-TCAS} DCAN®] ZH$olMx pH7l F71842 7asts Aoz 153}

WO TP, HAAs AL WA 2to] 3718542 271819 1, pH7t 5~94
¢ W DCAA Fdolv o}Fd d3ko] ¢l vy
dol B e RAow BmEgr)

4 AIZF olWel ¥ chloral hydrater pH 5% 7oA A]7bo] Zuhdte] uw}
e S7he vbe pH 99l M= AlZRe] A mbel whEl ztastglth ael:m, 447
ollel " DCANE pH 50l Alzko] A3}stel] whe} =713 wbdl pH 7
M= FH4sed i, pH 940l & w7 Wiyl o} ko] A=Y
LL1-TCA #74& pH 7914 ®u pH 5olA 84 o] use= A=,
pH 940l M= Ao FAHEA Fgtr} oleldh FA4ES D 714 non-THM 9

-~

o

aEFAbEe] @7 FHe) bR S (base-catalyzed hydrolysis)o] €

otk B 7hA AHKFAEL hydroxided} 2 AHE TAF &= gt}

AN
e
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1,1,1-TCA¢] CCls group2 electron-withrawing nature(2}-)& hydroxide
ions® EA sl o] HFE EHEEI Hch(Betterton et al, 1988).
*, electron- withrawing | %4 (chlorine)$! nitrile®) a 7}2& DCANe|A N
= A% AHAZ AHEL 5 9t (Bieber and Trehy, 1983). ®,
trihaloacetaldehyde(chloral hydrate)$} trihalomethylketone?] 7}4E3E =3
pH7t w& W Ajzte]l Z3gto] wet  haloform(chloroform)e  A3A] g}
(Trehy and Bieber, 1981).

stlon 3k hydrophobic & humic3} fulvic acid® 253} %‘iS’Jrg]
WEAo dig At E stk Martin (1995)2 3709 M2 o2 Ao 7
| humic, fulvic ¥ transphilic acid®} @29 WSS zAbat o)
| =23 449 w3AL humic acid, fulvic acid 2 transphilic acid
ToZ yeYon Hy 44T %L humic acid, fulvic acid 2 transphilic
acidell A Z+z} 28, 20 2 1.7 mgCly/mgC=2 'Eyit), wek g9 TOX %
THM Adee 5% 327 wgCl/mgCe 97 ugCHCly/mgC, 247 ©gCl/mgC ¢}
72 pgCHCly/mgC % 183 1gCl/mgCst 58 pgCHCly/mgC2 YWebYd humic acid
M da AHNFAEY Aol M FEeHow, tdeoZ fulvic acideh
transphilic acid 22 AT W a8tk Reckhow et al. (1990)% <
ot frAbek A28 Bastel o) Oliver and Thurman (1983)¢ Haote]
FARbE 3o obd TUR TS WE 1 HEGE SAFE RoT W

St

&
o
O
N
=
(e

°
i
>
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3) 2% AANUSI A4 A25RAE QAo A= FF

Stevens et al. (1976) Ohio 7ol EA8le ATFEAH d49
et 2o dud FAA THM 4L 986 7H8 &3, ALde 713
2E Aoz Ry Ad WHte 02 i AFFAEY A 3}
NOM# Br ¢ 28 ASHAE AFEA] vk Walnl olygl L2 sl
710gt}. Krasner et al. (1996a)2 25W3E A&3lsld A8 E $3)
W, F20] 24~31C2 & @l THM AL & xR ¥ Ao
R 3t Haloketones #A|9)dt o A4 £25F4HEES THMs9 2
< BFE dEdin, 111-TCAY AfE F&0] 16~23CY o FAF=7}
02 wpg/Lolx, 11~85CY Aol 14 wg/LE R =4 Uehy 20
WS ow AFEo]l ¥ Jor ZAEG

A @4 25RAE] gUdde Addz ATFEZA] FAHo] datAy)
uj F-o]t} (Singer, 1994). Zumstein and Buffle (1989)& 7}oliu} 4o &3}
= NOMe AW o] digh 75 sttt 2929 Grenet Zold 9
Fol DOCH UV ghe] Z7kst AL ##sidon, ol 4 4FdAA f29e
B F718-9 Frbe] 719138 Aoy Bustgon, wal Rdorst® Bret
T 430 DOC %7 584 99 Abelo] HA2 JeEyy, ol B3 o
T Abelell 3 A8l FUkehy] WE Ao wmdlw gk w3
Br #wx=v 74 $7ist 2& AddE JFs &
(Singer, 1994). Krasner et al. (1994)& Br %%+ vlgt&o] $9x= A%
upet SHAs) ApojE Hlow, AMERZE ©E Aol YEUE HAog B1
st en], 7212l 21 s erh Az Hoba R vk

4) 94 FU2N AFFE7 94 A25HAE WA vHE 4

A auFEe] Ao Qo] 4E5E, A% 2 AT Bxe g4
FAFH F dasTo B JF¢L viEgn 494 Ay g4 F S
F GAhTEV 25T E A4 a5 EY 4SS 08 ARY, HAAsY
749~ di-, mono halogenated HAAs Y.t} tri halogenated HAAs®] A4 & o]
% Folzt} (Reckhow and Singer, 1985; Singer, 1994). T3k A4 F¢ldk
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o] F71&5E 111-TCA9 DCANY %7} Ztasdted o)A il =71
AHEQD 1,1,1-TCASH DCANe] AHH o 2

i EE?}, Symons et al. (1993)2 FarFYeko] ZI1eg4E A &
2

fr

i3
olo
ok
2
L
Au)
a
iy
_X':_L

225 9& 255480 AA o vx= 54

EPA (1999914 &85 Fol i 425HAE ) A
(microbial-disinfection by products rule, M-DBPs
stk o] We Al ohg fuaAY A7)
= MES FHoz APste] FAsm 9

b
rule)& AAste] Telstn

°obotel LhERWSITh Table 98 B THM 4%& 2% wot 7ps2az 2B
st glom, HAAC 749 DCAAS TCAA 2%, HANS TCAN 1%,

oxyhalide 2% % formaldehyde®} 2-chlorophenole] %ot 752 Adg R &5
1

of Atk ols BHES 3 T, ANV, v AAA Sel e g2 s}
Tol 9lom, formaldehydest SR E 2 7l5do] Yt B B
5ol vk B Table 9o+ e Q1A @AW chloral hydrate®] 79

A7bs FHol Colvl, MX9 A4t ¥t 7hsolis #elo] Hx ggro

]
350 (Daniel et al, 1992;

Komulainen et al., 1997).
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Table 9. Toxicological information for major disinfection by-products
(Sadiq and Rodriguez, 2004)

DBP Class Individual DBPs Rating® Detrimental effects

Trihalomethanes Chloroform B2 Cancer, liver, kidney and reproductive effects
Bromodichloromethane B2 Cancer, liver, kidney and reproductive effects

. Nervous system, liver, kidney and
Dibromochloromethane C )
reproductive effects

Bromoform B2 Cancer, nervous system, liver and kidney effects
Haloacetic acids Dichloroacetic acid B2 Cancer, reproductive and developmental effects

Trichloroacetic acid C Liver, kidney, spleen and developmental effects
Haloacetonitriles Trichloroacetonitrile C Cancer, mutagenic and clastogenic effects
Oxyhalides Chlorite D Developmental and reproductive effects

Bromate B2 Cancer
Halophenol 2-chlorophenol D Cancer, tumour promotor

A’ Human carcinogen, Bl: Probable human carcinogen(with some
epidemiological evidence), B2: Probable human carcinogen(sufficient

laboratory evidence), C: Possible human carcinogen, D: Non classifiable.
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A3 F A5 L Wy

31 43dAs
3.1.1 #9 =&

& Aol AHgE FE 2AFE HAAE AL Aol AHE T A
o2 AAstel ¢4 Milli-Ro 5 plus and Milli Q plus 185, Millipore, U.S.A.)
2 3 ol A7 gE, stz eA 550C 2 5413 Fob FA st FESE

71848 2F 8E F 2do e

3.1.2 Humic acid A5 %A

2 A9l AHgE humic acid AlFE A W3S humic acid(sodium salt,
Aldrich)& AH8-8Hth. Humic acidel AAe]i= A A % 1 N NaOHZ A}

&5kl BeAlA pH 72 FAES 2 942 71(RC5CT, Sorvall, USA)Z A}
E3tel 5000rpmo.2 30% 7t A Resie] AEAS 02 m WEHIA o
(cellulose acetate, Sartorius)Z ]38kl DOC ¥ %7} 1000 mg/L7t & %2
A &

Humic acid 22155 =5 s235te] DOC ¥ =7+ 2zt 1, 2.5, 5 mg/L7}

Y %% humic acid A& ,7511]0}0“’”1 A9 Aol pH, BE0)2 7 ¥ 5
I

SEFAE A GEE MAE AAETE BHEO L dAi%L pH ¥
T2ol glow, BEelze Fx =HE KBr (potassium bromide, Sigma.
USA)Z w5 1000 mg/Le %7} %% 2 A 5o] humic acid A5l 0,
10, 25, 50 pg/Le F%7)F H L& FA3s14 )

Hae Aold At Y EFNaOC] solution)S 10,000 mg/Le ST 3 A
shed APAl 1, 25, 5 mg/Le wvt HEE FQEYc B9, pH 28 e

NaOH®} QI4Hg A8l pHE 5, 7, 1002 2389t}



3.2 A3y

FLAeElE 300 mL BOD ¥ A48 93 + 10,000 mg/Le] Aol AAt
7l #4 da%Est 1, 25 5 mg/L7t HEE X g s
=  NaOH$} ¢ J% Ab&sted Zkzbe] pH 2371(5, 7, 95)
5, pH ZA7/(MP 225, Mettler-Toledo, Swiss)Z A}& 3}
o 33 A= £4ste HF pHE &)

pH 23717 &3 92 Had Agss z2h7 9 2X2F21(47T, 20T, 35C)l
2A X7 =449 “%-?:BR%WI(KB 400, Binder, Germany)dl ¥ i, 948 %

AR AFE Aol 2#F92 = 7(Pocket colorimeter, Hach, U.S.A.)
g ol Bty JFEALE SAHT T oMY EFH QAAHI+10)S AMLFS o
ke FAH W gg uy] ) AFALS wA sk}

= Ao BE #4112 Standard methods (APHA, AWWA, WPCF, 1998)
of wgton P A}%lﬂ‘f TAFA &5 9 s 24775 Table 3.2
o} o}

1) DOC (Dissolved Organic Carbon)

TEol EAEtE £FEAH 1B AY ves AFse) g8 £24 &
1 ADOC) #5E FAHSYY DOCE 02 m F B 2 B (Sartorius,
Germany)®2 A &5 93% F TOC analyzer(Sievers 820, Sievers,
USA)E 2483t ¥4 Zate & 53 243 doly FoA 2oz
WA g A Uex 3] A Hipstel Abgaelo

Sh
i

2) UV (UV 254 nm absorbance, cm ')
1

el F718ta FEEL FFolA lignin, tannin, humic 22 So] 3z
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EAMFL ol FrlEL FFES 200400 nme) A G A Hu|
FAEE Uedth o) s Al 8= 5132 (aromatic substances),
X3t A= 31§ E (unsaturated aliphatic compounds), 3 A W= 33
= (saturated aliphatic compounds)% ©4 1127} o]2 43 o|AL 3319
= 880 Mg EFF3E Ad AT, olyd o]¢ mEe UV 254
nm7k UV FZF 528 AAst=d 471829 g AuHe tydx oz 2938
=H ®@ol o]l&H1 Atk AEE 02 im WEHA HE|(Sartorius, Germany)
2 o#%g $ 2 g UV-Vis spectrophotometer (UV-2401PC, Shimadzu,
Japan)E ARgste] FASIY £ A= & 53] B3 golE o)A
Hlghdt Hage Ads Yoz 3749 232 Hidste AALsg

3) Specific UV Absorbance (SUVA: UVx54/DOC ratio)

AT RS WS Ry EFolFAE (conjugated double bond)FE
g 7HAE FU1S3EEE M (UVES S5 4242 7141 Qo e
M 254 nme] FAelAe] UVEZEE humic substancesS 53+ Al4=¢]
DOCE4 thal ARgstr)el @A ola zhdbsl Zxwolr), olo] wlel UVE
X H] (specific UV absorbance, SUVA)¥= UVE® %= (m)/mg DOCE v}et
Wi @gomA {7189 SAws 2 AAREE Jehgls 443 238 A
|53 At

4) THM (Trihalomethane)

THM #41 headspace auto sampler(HP 7694, Hewlett-Packard, U.S.A.)
7b F-2€ GC/ECD(HP 5890 series I, Hewlett-Packard, U.S.A)E A}&3}0]
w45t H. Table 1091 THM 4o AL8% GC/ECDS 2AMzAL L ERY
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Table 10. Analytical condition of GC/ECD for THMs

Item Condition
THMs

Injector Temp. 200T
Detector Temp. 220C
Initial Temp. 60°C
Initial Time 15 min
Final Temp. 60T
Total Flow 12.24 mL/min
Column Flow 0.61 mL/min
Gas N,
Detector ECD
Column HP5MS
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A 473 A% 4 @
4.1 Humic acid ¥ % W3}o] B2 THM 44 54

Humic acide tHEHQ] A25H4E A+ & gy g7 gEo 4
sRAE A dFE VA= AAEY TS xAMEY] AANE A A
T K718 AFEA

T%¢ humic acid $%°c] @2 THM HHEAS Fig. 79 Yerygo)
Humic ¥5+ DOC ¥%2 1 mg/L, 25 mg/L ¥ 5 mg/LE =A&go,
HE0l& F% 10 w/L, pH 7, 2 20T, 7] 9259552 5 mg/Le =

TE

o 3he] g WEAZ) WE & THM 445 EE 2480 % 4%
AZHE 168A1HTY) 0.2 6‘}‘}1204, N AL F1 RS AEse] R
o]

AEEE 280 A% we Aow AU oebyg A cEDE
AFATE obd TEAS aele A% woln At}

Fig. 7¢] A3ollA & F Q%o da FY & #H2 AHI2FY T 4 4
b ol B2 %9 THMel AAHEE A & 4 dov weAzt 3

Tl DOC % 1, 25 5 mg/L €22 30, 39, 50 wg/Le] %S g on
ol AA 168217 B AAE I & 43%(DOC 1 mg/L), 26%(DOC 2.
mg/L), 25%(DOC 5 mg/L)9] ¥ && Ap=|&tgich o8l THMo] uhe %7
o &t o2 A4E= F2H(Instantaneous formation phase: IF phase)®} ¥
SAZ] WE ZEM Fe| 2 A2 (Parabolic formation phase: PF phase)s] &=
T 7HA @EE R ¢ ok Westerhoff et al. (2004)9) o) E ube

Z7100 w5 wE AR el 2ERABol 4AHE Aoz wue Yoo

—_—
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o8| IF phasedl 4] £E20E 44 27lo] dhel wE uls Aol
glom, gast A5Ue xSRBS A4ste f7124%e) B Mo

2 Qste] Yeudm Awego.

webA, Fig. 7904 % YEXo] IF phases 9438 & 4 A7+ A
HAA F7HHAE Yo IF phase2 ¥7/5 0, 2 o]F &% PF phase® ¥

FHAGD. 22y, IF phasedlX DOC Fkxol wE AAMY 7]&7= FFo
T71E T2t €75 7EVIE AAE R YEhY §718 Hxd vl
gto] o] FtollA o] AARE zlolE Holx Ao® YElyt

Fig. 89+ humic acid 3582 A5 THM FAZEZ 94 JEA30
of i3} =4I AS YedAd. THM 7FAEE HAEAS AdyrRd 2=
2¥ 5ol F THM BAZFe 719 dF2e AAste RS
humic acide] Fkol vldste S22 EF) AAsko] ZHtsle AL & £

At

o,
¥
%0
o
&
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Fig. 7. Effect of reaction time on THMs formation.
(chlorine dose = 5 mg/L, Br dose = 10 pg/L, pH = 7, temperature = 20C)
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Fig. 8 THM speciation with reaction time for various humic acid

(chlorine dose

= 5 mg/L, Br dose = 10 pg/L, pH = 7, temperature

concentration.

_39_

= 207)



=

=5

=
j=]

d

%x

5 mg/LY =x

st ATt

[

=

=

A}

€
=

E

=

7] AAEdFE
A

THM A

=

THM A4

THM ¥4854& Fig. 99 Yetidct =

0, 10, 25, 50 ﬂg/LE }_ﬂlé}‘}igﬂ}, %7]}‘3 ﬁ?%%—lﬂ humic

=

j

=

o

5 mg/L, pH 7, & 20T,

.

T

BEolR & m

L

dol da HEA T G2

A ZHe 168A17HT7Y) 0 2 Fgon A

A}

9]
ol FE
[N

42 BFo|Z vk W o
T

acid®] =%

-
o
=T
R

—_—
o
Hin
<

iy
A

]
o

of

N~

~

[¢]

A

humic acid€]
THMS] 4

o

il

|
% (species)

-

oye

I}

‘/‘é

[e)

=

of el k4] @b THM
S Fig. 100] el ot

Fig. 9ol & = 3l
Fig. 9olM & & 3

o -1

= o

AA b3}

I~

r

wE
S
Bh
[l

14
Ho

o

i}
|
P
o]

i

=

Fig. 100 A
168A] Zkell M o] THM

=)

T

7
F

7

iy

LA

A ZE AA R} 168A] Zholl A o] A

=
=

A% dx A

(CHCl3) ¢

=
=)

i

of Bla} 50 ue/L¢

of-
o

3

Q

E5=7F 0 pg/L

42 (bromination) il

B 53}
(CHCLBr), 2 2t]8 2 Y e(CHCIBr,) %

iz ki

KSR
T

+(CHCly)

&
™

|

=2

_40_
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Fig. 9. Effect of reaction time on THMSs formation according to bromide

ion concentration

(chlorine dose = 5 mg/L, humic acid = 5 mg/L, pH = 7, temperature = 20C)
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Fig. 10. Effect of bromide ion on THMs formation.
(chlorine dose = 5 mg/L, humic acid = 5 mg/L, pH = 7, temperature =
207C)
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43 & W3t & THM A 54

2Wgd g THM AAEAS Fig 119 YeElUd™. $%9 humic
acid®] ¥=& 5 mg/L, BE°l& =2 50 wg/L, pH 7, 7] €4
€ 5mg/LE 28L& 3.

Fig. 11elA B & Q%o #20¢] 4T%Y #$ IF phaseZt# Z73HE B
%

)l ¥, PF phase® HolEolMx A&H oz Frbsts 43S Yz o

ol 20T9 35T A9 nladle] vlg e YA Role Aoy FL0

stob dash 25NAE AT EAEAY W Aol WoiA YEhd AnE [F
7

phaseZ7}#| F&38] W&& sk
ME AR 255808 AFERAEY S dto] Yeid 23g 3w
}.

AR =20 20T 9 35T 9
Z PF phased] T=2dtodMes
W, ol @ F20] 3B/TY AFodeE 0% FrelF

A

Ae ool F7hg

AN D

N oX
o
=
o]
=
)
w
o
N
A
i)

r

el doju FFo EAsteE 7
phased] HolsoX = FFo A7 st
o] whg-o] obF wwjate] YEhuE AdE ddwc)
b, FEd mE da HEAE
= Fig. 12 Yehlsld. Fig. 129414 & F glXxo] ¥z
THM skot FFo IFdiets dutd 4FE wolz Ut ols A A
) ) 5}

o
W vksh o] £EY §71% FEE M3

oQ
o2
B>
7
rE
olo
BN
~
=2
i3
)
k>
2

= b BE o] dE 0 £20]

4T A= ¥e ws a9 f718ate] who] “eid £55AEe Ao
=AM e Adolo] ubek 1684 7F o]Ake] FEE whg A 7bo] Folz]
ool 20T 35T woll e THM sXo H & sos sadc
T o] 4T, 200 2 3BCY W ARIL: RS AHRw zbzb 12
mg/L, 0.14 mg/l. 2 008 mg/LE e 20T o]4Y wi= 2441 7F o] Ao
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Fig. 11. THM speciation with reaction time for various water temperature.

(chlorine dose = 5 mg/L, Br dose = 50 gg/L, pH = 7, humic acid = 5 mgDOC/L)
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Fig. 12. Total-THM conc. and free chlorine conc. with reaction time for
various water temperature.
(chlorine dose = 5 mg/L, Br dose = 50 pg/L, pH = 7, humic acid = 5
mgDOC/L)
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44 pH 93ld @& THM A4 54

pH ®Wste] @& THM AHBAE5AS Fig. 139 Jebdth % humic
acid®] =& 5 mg/L, BEEol2 F%E2 50 /L, & 20T, 7] €4 F9Y
TEE b mg/LE H¥L &t
Fig. 13914 & < dxeol pH7} 59 A IF phase7tA ZF71FAHE B9l
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pH 7% pH 99 7Z-¢-9 ®luste] v 018 U4 Hole Aog We
pHAME 49 A58 AFELETRY 3ol dolr AFH29 &
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EEd Ao, ¥hgS oA Eat F2 HFE47F PF phase2 Hoj &9
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e o
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Fig. 13. THM speciation with reaction time for various pH wvalue.
(chlorine dose = 5 mg/L, Br dose = 50 ug/L, temp = 20C, humic acid = 5
mgDOC/L)
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Fig. 14. Total-THM conc. and free chlorine conc. with reaction time for
various pH value.
(chlorine dose = 5 mg/L, Br dose = 50 pg/L, temp. 20C, humic acid = 5
mgDOC/L)
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