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HAAs Formation by Chlorine Dose and Reaction Time and The Removal Effect of
Precursors by The Advanced Oxidation Processes

Kyoung-Suk Kim + Byung-Soo Oh - Seul Ju -+ Joon-Wun Kang*

Department of Environmental Engineering, Yonsei University

Abstract : This study investigated the effect of chlorine dose and chlorine reaction time for the formation of haloacetic acids
(HAAs). According to the results, HAA formation was highly affected by chlorine dose and chlorine reaction time. HAA
formation reached a plateau value at 30 mg/L of chlorine dose and 24 hr of chlorine reaction time. For the speciation of formed
HAAs in the test water, the concentration of brominated-HAAs was significantly lower than that of chlorinated-HAAs
because of low level of bromide ion concentration in the test water. It also investigated the removal efficiency of HAA
precursors by several unit processes, such as ozone alone, UV alone, and combined ozone/UV system. Of them, ozone/UV
system was proved as the best process to control the HAAs formation. The increase of the brominated-HAAs was observed
during ozonation with and without UV irradiation showing the slight increase of total HAA concentrations.
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Aol 4AS wetaly] 95} pH, bromide (Br),
chloride (CI), TOC, UVass, SUVA 3% A9 pHe
pH meter (Model 420A, Orion)E ARME-3l4om, Bre} CI
= lon Chromatography (DX-400, Dionex), F&7|84
(Total organic carbon; TOC)T Dohrmann DC-180 analyzer
2 B4tk UVasis UV/VIS spectrophtometer (Varian
Cary 3C)2 o])&3l9gom, SUVA (Specific Ultraviolet
Absorbance) ZHe 254nm oA UV FIAE (UVis)E
TOCE WFol((UVasd/ TOC)x100) AAFSFATE TOC, UVasy
2 SUVAE 45Ul #7185 $% 2 HAAsY H7EE$
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50 dE AHAALE w1 st AsAH A
NH,CIE F93t9eH, A8 40 mLE MTBEE & ¥
havuees FER3t AlAH ECD  (electron capture
detector)¢} DB-1701 #¥ (0.25mm LD. x 30m)e] R-zd
HP 5890 seriesIl gas chromatography® A4 2 &4
gt BA3 HAAs9) FHZ= MCAA (Monochloro-
acetic acid), DCAA (Dichloroacetic acid), TCAA (Tri-
chloroacetic acid), MBAA (Monobromoacetic acid), DBAA
(Dibromoacetic acid)®+ BCAA (Bromochloroacetic acid)E
A 6% thal ZAISIATE. HAAFPE Q487 % olde=
Bl G4 FY F 25TAA AN %S 4
Bt}
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HAAs A7-E4E Aestr] 98t 20 L 8718 AHE
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shach &0l 22 HAAsSl AAZGE Ans| st
22= 20 Lo 9&7FA F%2 0.6 L/min® E flow meterd]
N AARSA z2AstE ATE At FEE% T HAAs
o] ATEZE (HAAFP)E AA3L7] 943t 3714 A2y
08 747t M8 F, A4S 10 myL2 Fste] 244 5
ob 25T oM WHEAATE AA 2E FUZFS 308 T
1.5~18 mg/LE ®¥HEAFoH, HhE7loA HiZEHe &
7k2E 2% KI solution® 2 trapstdth Uve 308 <
HReA o, 7T8W/LE AHEEATE B A¥AAM AL
semi-batch reactor®] schematic diagramg Fig. 1o JEhY
Act.

Table 1. Water characteristics of raw water

Hood

K1 trap

bo

Ozone generator 20L reactor

Fig. 1. Water characteristics of raw water.
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pHE 75 A2 Jgton, TOCE ¢F 4 myLE b
= Aoz $eve sdHgdA Uehde TOC $=
o ¥E g4 =& Aoz 2AMETE Bro A9 o 35~
40 pg/LE vEPgth SEvete] B9 Br FHE 2ARE
A3 BEAE~01 mgld A2 A M (FHIAT Y,
1997), $-2lue} 2170 A5 dedsy Br g AL
A% BRE~33 pg/LE JERRTHE, 2001). oj& m5Y
AY- Asperel] 12~2,200 pg/l, FolE EAZ~450 pgll
2 #AZHe A dlaskd s e dgeds Bre @
o] Hlma e oz ZAEAL CI'E 33 mg/lE $
Jugl HeE 487182 250 mg/Lo] wiE dgolA
YA JERGOH, UVisE 0.098 cm’2 A|8E J2s4
F1EAS 23T 5 de HH AEE AL
SUVA Zt& oF 28 L/mg-m& HAAse] ATEAS A¥Z
Yehl i T
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321 PasEo| o8t Wt

95 dA%Ed ©UZ HAAse A 73S Fig 29
veli ek HAAse] A4 AZe gebstr] A3t 0~100
mg/L7tA Y HAE FYEeH, 25THA 2447 Ft
A7l & HAAFPY 5%E &34t Fig. 2(a)ol A2t
Zol da FYF Fvio] wel YAHE HAAFPY 5%
E gz FUet B8 94 FUFol 30 mglzt
2 HAAFPY] F%& ¢ 150 pg/LE 73 F7hslgoen,
olZREE ZAsAY YT Ae) velth oleld 3
BFe A5ue] 28k HAAs ATEAL £ 47|18 55
oA AT Fo] EAH, FUE Fiet ¥k {7
EAe HAAs AAd 25 #oshs 2Ae ofyn, THMs,

parameter pH Toc Br- Cl- Uvas4 SUVA
(mg/L) (zg/L) (mg/L) (em-1) (L/mg-m)
value 7.5~7.7 3.5~43 35~40 33~40 0.098~0.121 26~2.8

S Zeh s X] H20H H2E, 2004



Aol SHESAIZION GHE HAAs 840 nsMspxa|of ofst My EE A 9% 147

160

HAAFP WwiL)
-h b -
D OO N
& ©6 © @ ©

-~
o

N
o

[
o 4

20 40 60 80 100 120
Chlorine (mgiL)

(a) Chlorine dose

L4
-

Conc. /L)
N W R MO N ®
o oo 0o 0©c oo

-
o

o

1] 20 40 60 80 100 120
Chlorine (mg/L)

(b) Speciation of HAAs
Fig. 2. Effect of chlorine dose on HAAs formation and
HAAs speciation; reaction time = 24 hr, pH = 7.5,
Temp. = 25 TC.
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Yastel WAL HE HAAs A4 FYE Fig. 3o
e Fig 2014 Q& A7E2E Hul HAAFPY
AR ZANM A4¥E A7) A% da FYFL 30
mg/LE 3tgom, 08dA 120A13F B9 €4 H-eAIZHE
ga]slel HAAFP 358 3439tk A& 94 FURH
24X7W4A HAAs7} oF 130 ug/LE FASA 27t
48017k ol FREIE FasAL YWY AUE FASA
H4EE HAAsY ZRE F2 DCAASH TCAA7L i
A& em, bromo AlEQ MBAA, DBAA % BCAAE
of-§- wA el
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(b) Speciation of HAAs
Fig. 3. Effect of reaction time on HAAs formation and
HAAs speciation; reaction time = 24 hrs, pH = 7.5,
Temp. = 25 TC.
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o] A ¥ AA TE P s & FA u
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Fig. 4. Removal of UV254 and SUVA by ozone, UV and
ozone/UV; pH = 7.5, ozone dose = 0.6 mg/L-min,
UV intensity = 7.5 W/L.
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UV ZAL 9§ Qs HA¥EH HAAsS ATEZR A
A7F BlmA A #FHUAD IR f71EES UV 24
o 7 FE v M ARHHoz AALD = U
£ UAT, Fig. 4014 BE nie} o] UV R o%
UViyse @ SUVA Fho] Aol W¥3zlr} Qi Ao E Hol 44
&9 tgg 7182 E AASY] AdMe UV &= 34
& AFHYA Rog AlRHT. LEUV A9 A 308
2t WAz Bt HAAFPY & %7t ¢F 20 pg/L7t
2 Aase M FL BE8S HYr) ol#d AdENH
LE/UV FAA & (A = 207 V)RT Fsige]
& °OH (AfA} = 2.80 V)9 Aoz Qlste A5y A
TEAY AA Ago] I HASE ¢ AT #HH
A *OHAIAE FEAHLE 3= LEUV FAHY 2 31
F23E AL HAAse] ATER AoE Y8 ax3] ¥
Aoz Hgd 4 Jvn FEHAG.

Fig. 6ol 2zt A2]E54d wat HAA A7EFe] AAT
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At Fig. 6 (o)A UV 2] 23} chlorinated-HAAs 2]
AS 2719 oA FURItE 108744 §438 ade %
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Fig. 6. Removal of HAAs and HAA precursors with ozone,
UV and ozone/UV; pH = 7.5, reaction time = 24
hr, Temp. = 25T, chlorine dose = 10mg/L, ozone
dose = 0.6 mg/L-min, UV intensity = 7.5 W/L
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