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The formation characteristics of trihalomethanes (THMs) and haloacetic acids (HAAs) were investigated in
chlorination of raw water of different organic matter characteristics. The samples used in this study were hy-
drophobic (N-HPO) and hydrophilic fraction (N-HPI) (which were concentrated and separated from Nakdong
river water), and humic acid (HA) (which is known as a strong hydrophobic acid) as a reference organic mat-
ter, the specific UV absorbance (SUVA) of which was 2.19, 1.15 and 7.92, respectively. With increasing
chlorine contact time, THMFP and HAAFP (the formation potential of THMs and HAAs) increased, but their
increase was different depending on the organic matter characteristics (i.e., for N-HPI, THMFP was higher
than HAAFP, but the inverse result was obtained for N-HPO and HA and the ratio between them was greater
for HA), and the mainly formed chemical species were CHCly in case of THMs and dichloroacetic acid
(DCAA) and trichloroacetic acid (TCAA) in case of HAAs for N-HPO and HA (and the ratios of CHCl; to
total THMs and DCAA and TCAA to total HAAs for HA were higher than those for N-HPO), but for
N-HPI, the ratio of brominated THMs was a little higher than that of CHCIl;3 and the ratio of DCAA and
TCAA to total HAAs was lower than that of N-HPO, although they are main chemical species in case of
HAAs. Comparing THMFP and HAAFP with the increase in bromide concentration added with those in not
adding it, the former increased greatly and its increase was higher for the organic matter with stronger hydro-
phobicity, but the latter was lower for N-HPO and N-HPI and was similar for HA. The main chemical spe-
cies with increasing bromide concentration were CHBr3 in case of THMs regardless of organic matter charac-
teristics, and dibromoacetic acid (DBAA) for N-HPO and N-HPI, DBAA and tribromoacetic acid (TBAA) for
HA in case of HAAs. With increasing reaction temperature and pH, THMFP and HAAFP increased for the
former, but for the latter, THMFP increased and HAAFP decreased, although the rate of increase or decrease
was different with organic matter characteristics.
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A AHEE AU182 A FOT ANASLH 497
A A5 G577 4E-N-RW)E AU o Fhollow
fiber-polyacrylonitrile, pore size: 0.01 m) ¥ I35
S} (Hydronautics Ltd., ESNA-2540, Spiral wound
with polyamines, salt exclusion ratio 99.4%)°l <]3j
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acid(TCAA, Wako, 99.8%), bromochloroacetic acid
(BCAA, Fluka, 97%), bromodichloroacetic acid
(BDCAA, Supelco, 99.9%), dibromoacetic acid(DBAA,
Fluka, 98%), chlorodibromoacetic acid(CDBAA,
Supelco, 99.9%), tribromoacetic acid(TBAA, Fluka,
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Table 1. Characteristics of organic matter samples
used in this study

Item N-HPO N-HPI HA (1 mg/L)
Fraction (%) 56 44 -
DOC" (mg/L) 3236 2763 0535
UV’ (cm™) 0711 0319 0.042

SUVA® (L-mmg) 219 115 792
Br (mg/L) 087 081 ND
NH3-N (mg/L) ND? ND ND

Yobtained at pH 7; ?specific UV absorbance (UVasy/ DOC
x 100); Pnot detected.
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Fig. 1. Trihalomethanes formation potential (THMFP) per
DOC with chlorine contact time for different or-
ganic matter (N-HPO, N-HPI and HA). The con-
centrations of DOC for N-HPO, N-HPI and HA
were 0.647, 0557 and 0.535 mg/L, respectively.
The chlorine dosage, initial solution pH and re-
action temperature were [CLY/[DOC] = 4, pH 7 and
207C, respectively.
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DOC2 1Y E4HFo)A B Zhz) 224, 1940, 294
HER ST 282 72 715 GAHEAT
of w& THMFP/DOCE A3 ®¥wW N-HPO %
N-HPI disir e zF Q28 FA k] dAgle] vl5:
T FEE Yoy &8 23 254 HA—
48X 7t 7kA & N-HPO, N-HPI# vjs3 A4 %
RO HEFAZbo] FIMEFE o|F 7l€i5}“
A F74ske A& & 5 UAJH wetA FFdd 7
254 A A7} FHE e AR Ae
THMFP/DOCE &2 AN E gou d4agEA
ko] F7HETE 371] F7MeE & & itk

Fig. 2& A7 Zk f-712¢ da 4423FA3H1-6
el W& F THMsel i@ CHCls 2 brominated
THMs®] A4 8]&S Jebd 21822 N-HPO9] 4
¥ CHCIs®] 90% ©]“, brominated THMs(CHCI:Br)
°] 10% "% HA9 Z-$ A% CHClzo| 2, N-HPIx=
CHClso] 43-47%, bromlnated THMS(CHClzBr 36—
41%, CHCIBry 15-209%)°| 53-57%& H o). 53],
N-HPO$} N-HPIE Br o] A9 %A}fﬁ EEE 343
I e = BT (N-HPOY A% [Brl= 0.0174

mg/L, N-HPI¢] %% [Br = 00162 mg/L) A5FA &
718 A ¥ N-HPO+= 9438 A 44 5= THMs
© HEE CHCheZ AAAHY, 544 3718 A<

A EL

N-HPI+= brominated THMs®¢] CHCl3 Bt} t}



AT #7182 540 B g4AgA THMs R HAAs9 BAEA

a) N-HPO H&E& BAve A3t fAled /718 540

BCHCI3  OCHCIZBY & THMs® A4 33tE9] Aol @A 383 A

100 B3] oYU olE F71EY FAREA B

THMs® A4 wW7hS9 zlolo 93t 2oz F4H

¢ W o a8 2 wheEAAME 3229 Br k59 9%

P oA YEtvE CHBrs: AAHA &gkt o]+ o]s

= 2& 3EFol A4 HAE o= AEY BrE
c W =7 EAsor g 9ulstn ok

20 | Fig. 3& A7) #7180 W3] G2HEFA L E

HAAFP/DOC(DOC Fx°o 3% HAAs HA%

0 ” ® » % I 20 ‘ " (haloacetic acids formation potential, HAAFP)&

Ebd A2 2 THMFP/DOCS} viA7IRA 2 G2 HFA|

Chlorine contact time(hr) 7vo] Z713bo] whel Zrheke oF & 9tk ey

b) N-HP! Fig. 4914 B A& vie} o] {718 EAd o2

GCHCI3 DCHCI2Br  BCHCIBI2 THMFP/DOC ¥ HAAFP/DOCE zo]& Uehy S

00 & 4 AR N-HPI9] 7% ¢ THMFPe] HAAFPX.t}

A N-HPO% HAE Wtdlo] A& Holy g A

g F4 49 HAE 84 2 Aol2 8Ye & & ok

o 60} =, 1-69 23 FA1bel 4 HAAFPE THMFP$} H|

= 0l aste] B N-HPI® 74 ¢ 242} 0.8-1.08, N-HPOS

¢ A% 1.1-1.34, HAS) 7% 2z} 26-35u) Eheh 2

2 AT ARZEE AL F718 S A A

0 HAAFPRE Y THMFPe| 71931, 2549 7%

2 a8 12 9% 120 18 AEe vtde] AE Rojn] e 254 Ad5E
HAAFP 2ot A 719988 & & ddoh 281
JolA BoR]= uhe} o) “#% ZEY 24
c) HA N-HPO$} N-HPI®] 7% HAaHEAZ we
ackel THMFP HAAFPS] ngL 2 85E HolA 43t

Chlorine contact time(hr)

0 o o] A%E ¥ 95 L $99 92 Ask: 5
80 | dal 39, 74 FaHFA 254 ¥ HAAFPO]
¥l THMFPo| vl3} 27t 1.8-2.4u, 1.3-1.48), 254 A
Q
g 80 160
2 —8NHPO —a-NHPI —@—HA
o 120
0 ‘ £
2 a3 72 96 120 144 E]
. ) Q 80
Chlorine contact time(hr) 8
Fig. 2. The ratio of CHCI:FP and brominated THMFP % 0
to total THMFP with chlorine contact time for T
different organic matter (N-HPO, N-HPI and
HA). The reaction conditions were the same as ]
those in Fig. 1. 0 24 48 72 96 120 144
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AL & 4 9= o =17,
MR AdES & F e, ole 9 ‘]’ °| & Fig. 3. Haloacetic acids formation potential (HAAFP) per
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Fig. 4. Comparison of THMFP and HAAFP per DOC with
chlorine contact time for N-HPO, N-HFPI and HA.
The reaction conditions were the same as those
in Fig. 1.
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Table 2. The ratio of each HAAFP to total HAAFP with chlorine contact time for different organic matter (N-HPO,

N-HPI and HA)

Organic Chlotginf DCAAFP  TCAAFP  BCAAFP  BDCAAFP  DBAAFP  (DCAA+TCAA)FP

matter  fime(ny)  /HAAFP(%) /HAAFP(%) /HAAFP(%) /HAAFP(%) /HAAFP(%)  /HAAFP(%)
05 52 43 5 0 0 95
1 51 45 4 0 0 %
3 48 47 5 0 0 95
6 51 48 1 0 0 99
18 46 53 1 0 0 9

N-HPO 24 43 54 3 0 0 97
48 42 54 4 0 0 %
72 45 51 4 0 0 %
% 43 53 4 0 0 %
120 45 51 4 0 0 %
144 46 50 4 0 0 %
05 44 30 20 0 6 74
1 46 28 20 0 6 74
3 43 28 22 0 7 71
6 44 % 23 0 7 70
18 44 2 24 0 8 68

N-HPI 24 42 % 24 0 8 68
48 43 % % 0 6 68
72 42 20 24 8 6 62
% 44 21 23 7 5 65
120 43 19 24 8 6 62
144 45 20 21 8 6 65
05 51 49 0 0 0 100
1 49 51 0 0 0 100
3 46 54 0 0 0 100
6 44 56 0 0 0 100
18 42 58 0 0 0 100

HA 24 40 60 0 0 0 100
48 36 64 0 0 0 100
72 34 66 0 0 0 100
% 36 64 0 0 0 100
120 32 68 0 0 0 100
144 32 68 0 0 0 100

Ao 2802 Q18] brominated DBPs7} A ¥ o,
olo] HA%E Br &, $VIHTELY 49 FH&
Aot maga QP gy old g A7
#7182 52 HAC] i3, 28]3 DBPst THMs
of &l A7t FAHYF, B A= e
4712 248 A N-HPO, N-HPI ¥ HAd| o5
Br ¥%ol 02 DBPse 445 S AESY Yol 4
7] $71%¢ &l Br %2 0,05 10 2 20 mg/LZ
7zt zA8h] 2B ESE A B DOC 559 498
A7 & 24470 w8 A121¢ W THMFP/DOC %
HAAFP/DOCS BA=E # 8832 AEs A

Fig. 5% %79 Br $&o ©2 7z §7]29
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i, N-HPI®] 7$ 2.3-254, HAS A% 60~76W 2
A7 EE Br ¥E7F $718e wg THMFP/DOCE
a7 Esgey, B3 F718 EAd we Aol &
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2% A7 $% HACl Br ¥ %% 01~32 mg/LE
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drke Amsh FAE A RIS ¢ 5 U



- e g ol W -3 v FH-F A
a) N-HPO = CHCI3 ™ Brominated THMs a) N-HPO
& (DCAA+TCAA)HAAs  * Brominated HAAs
) 12
-] m
£ 80 £
-~ ~
: g
- 60
¢ 8
e 40 s 10
¢ < =
; 20 g u . C 0
= . 0.0 0.5 1.0 2.0
00 05 10 20 Bromide conentration added(mg/L)
Bromide concentration added{mg/L)
b) N-HPI
] % (DCAA+TCAAYHAA b ] inated HAA
b) N-HPI ~CHCI3  * Brominated THMs . *TCAANAAS rominated HARs
o 30
" 50 :
2 $
g 40| S
° o
2wt 2 ﬂ
o € 10 ﬁ
o &
a 20 r <
S : B |
L 90
s 0.0 0.5 1.0 2.0
T
= 0 Bromide concentration added{mg/L)
0.0 0.5 1.0 2.0
Bromide conceniration added{mg/L) c) HA
® (DCAA+TCAA)HAAs ™ Brominated HAAs
c} HA ZCHCI3  * Brominaled THMs T
-]
512 € w0
= -]
£ 100 2
~ QO 40
Zm 2
3 60 £ 20
Q2 :
:‘}: 40 - n BBEL 2BO00
2 2t 1.0 2.0
= . Bromide concentration added(mg/L)

0.0 0.5 1.0 2.0

Bromide concentration added(mg/L)

Fig. 5. Effect of bromide concentration added on THMFP/
DOC for different organic matter (N-HPO, N-HPI
and HA). The reaction conditions were the same
as those in Fig. 1, except for chlorine contact time
of 24 hr.
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Fig. 6. Effect of bromide concentration added on HAAFP/
DOC for different organic matter (N-HPO, N-HPI
and HA). The reaction conditions were the same
as those in Fig. 1, except for chlorine contact time
of 24 hr.
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Fig. 7. Effect of bromide concentration added on the ratio
of each THMFP to total THMFP for different or-
ganic matter (N-HPO, N-HPI and HA). The re-
action conditions were the same as those in Fig.
1, except for chlorine contact time of 24 hr.
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Fig. 8. Effect of bromide concentration added on the ratio
of each HAAFP to total HAAFP for different or-
ganic matter (N-HPO, N-HPI and HA). The re-
action conditions were the same as those in Fig.
1, except for chlorine contact time of 24 hr.
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