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This research studied the effect of factors that are able to form disinfection by-products (DBPs) of chlorina-
tion, including natural organic matter (NOM) with sewage, bromide ions, pH and contact time. Trihalomethane
(THMs) yield of 0.95 pmol/mg was higher than other DBPs yield for the chlorinated humic acid samples. THMs
yield of sewage sample was 0.14 pmol/mg and haloacetonitriles (HANs) yield in the sewage samples were 0.13
pmol/mg but only 0.02 pmol/mg for the humic acid samples. As the concentration of bromide ions increased,
brominated DBPs increased while chlorinated DBPs decreased, because bromide ions produce brominated DBPs.
THMs were highest (55.55 pg/L) at a pH of 7.9 and haloacetic acids (HAAs) were highest (34.98 ug/L) at a
pH of 5. Also THMs increased with increasing pH while HAAs decreased with increasing pH. After chiorina-
tion, the rate of THMs and HAA formation are faster at initial contact time and then reaches a nearly constant

value after 24 hours. This study considers ways to reduce DBP formation by chlorination.

Key Words : Trihalomethanes, Disinfection by-products, DBPs factors, Chlorination
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Fig. 1. Variation of DBP formation of humic acid and sewage by chlorination.
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Table 1. Characteristics and DBP vield with sample types by chlorination

parameter humic acid humic : sewage sewage
TOC(mg/L) 2.03 1.76 248
Uv-254(cn™) 0.193 0.103 0.033
THMs(umol/L) 192 0.89 034
HAAs(umol/L) 0.03 0.02 0.01
HANs(umol/L) 0.04 0.19 0.32
DBPs(umol/L) 199 1.10 067
UVA : TOC(L/mg - m) 95 5.9 1.3
THM : TOC(umol/mg) 0.9 0.51 014
HAA : TOC(umol/mg) 0.02 0.01 0.01
HAN : TOC(itmol/mg) 0.02 0.11 0.13
DBP : TOC(umol/mg) 0.98 0.63 0.27
vt weld drAads Ed stEAgd non- FF5 4® wE, bromoform, MBAA, DBAAT

humic fraction, & hydrophilic substances’} %©|
TaEo] e & & dtt 284U Y humic sub-
stancesE E&71949 o 5%E TAsRY, &F
7159 60% A FAstm glen tE f7
Eolu RI1EF gt} o8 AFEL aquatic
humic substances & 2F 50%7} carbon22 T4 5]
Q@ aREY Fo #A87|E carboxylic acid, phe-
nolic-hydroxylic, carbonyl and hydroxyl groups®l
g o] 29EAH?, wE A4AFF aquatic hu-
mic matter ¥5¢ tEEo] fulvic acid® o]FA
i WeE HA 005 mgC/L (in ground water)oll A
A1 30 mgC/L (in colored rivers)gha &#A ATt

Thurman'” ¢ @FolAE humic substances
o] Bxt 77|12 AAS7] A $Ho® X-ray scat-
teringS AHE-819Th Humic acide  1,000~10,000
AMWO] 1L fulvic acidE® 500~2,000 AMWSE] #3
of HgPctn stk o] oA fulvic acid7t
FulE Ao o %ol 4S XA = B3}, humic
acid7} g49 o 474 4837 wEe| DBPs A4
o gk AAQ 7] £t fulvie aciddth Ao

2] 27}2 % Humic substances® dZ9}o] Hkg
of thet AF7t FEsA ST on, o
742 w2 dstdEs B2 AAHL Qo of
ARA FEF AR27 $¥AA @i EZetr] 9
Boj| gukdel ejE TOX (Total Organic Halides)
2 gEsp|E d. v GafodFe F7ke TOX
of 2 94%& F7] el THMs ©l9j¢f non-THMs
Aol ZrpacH?,

CE

==
()

EleS

3.2. Bromide ion®] A2EHAE Ao DA
Humic acid® =7} 5 mg/l. 2] skl A bro-
mide?] ¥Eo wet AAHE 25RAES] 54&

Fig. 29| vehll i it} chioroform, DCBM, MCAA,
DCAA @ TCAA¥ bromide °o}&¢ F=7} 71

a—ok

963

bromide’s =oll Hl#sle] F7HHATE o) U7 F
o] bromide ©]& £A A] bromine®| chlorine ®.tt
G718 A7 gLt o w2y dEoltth bro-
mide ion®] EA5A ¥& Aejol = 153.6u8/Le]
chloroformo] AAFIAT ¥4 F bromide %
7} 7 T2 AAo] A EE ¥ bromoform-
bromide’} §lv Arelol A= AAEA @& %3 bro-
mide =7} 71E5E Y45l F7H8HH7t bro-
mide FE7F 25 my/LAAREEHE 44 s=2 F
A5 9ot §H, DBCM¥% DCANS Z7t= ot
7} bromide 5 mg/Lol A ZAAEE AgS bl
i1, HKs% chloropicrin® AR E %ol HF S48

=53 43gs 728 7 gl

olgjgt A#RZ F¢std E W bromide FETF

Z718 42 prominated DBPs® Z715 3, ©]$
¥ chlorinated DBPst H4HT ZA%E YWY
T itk ey Fig. 200A419F Ze] 2Atd F A&
ERAEe dH FE7HA bromide %7} F7HE
o wat waEste] FriEE Aoz JERla 9l
et

Eodgd d4E bromide o] HIyHoz AY
3o hypobromous acid FEHZ w83}

HOCI + Br’ HOBr + CI’

oluj o] W& EE bromide’t A8 A ¥ o
7hA w2A w-E-3te g hypobromous acide

S71EAT e S U, 2 2E bromided] &
Askell, halogen o] chlorine®l Al brominel =

Azt olg gk AL chlorine doseX T bro-
A w83ty wiEolth o

)

mine®] §71EAY

2 =9 bromine® chlorine®.th aceton¥} ¥Hg-3}
o ©l L trihalomethane (bromoform)& A4
71th,



—+— CF —e— DCBM —=— DBCM —=—BF |

700

600
s
3 500
o
£ 400
o
S 300
H
5 200 |
£
= 100
fesl

0
0 1 2 3 4 5
Bromide (mg/2)
a) THMs
—e— TCAN —6— DCAN —w— BCAN —— DBAN
30
/@‘—-_—\\

E \
o
<
o
o
=
s
< L
€
é /—\
P’
=z .
< $ e
T —

Bromide (mg/£)

¢) HANs

579

o
o
2

v

o ezt 9%

[ea

—+— MCAA —o— MBAA —&— DCAA —»— TCAA —a— BCAA —o— DBAA

HAAs formation conc.(ug/8)

Bromide (mg/{)

b) HAAs

—+— THMs —e— HAAs —8— HANs —#— CP . H<s

900
800
700
600 |
500 |
400
300
200
100

DBPs formation conc. (ug/f)

Bromide (mg/£)

d) DBPs

Fig. 2 Variation of DBPs formation as bromide ion.
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By-product _ Conditi.ons.of Formation _
chlorination at pH 5 chlorination at pH 7 chlorination at pH 94
TTHMs lower formation | higher formation
TCAA similar formation lower formation
DCAA similar formation-perhaps slightly higher at pH 7
MCAA at concentrations < 5 ug/L, trends not discernible
DBAA at concentrations < 1 gg/L, trends not discernible
CH similar formation f(())l\';:rs t"ll‘r]rlltem; 42’5(12(;{5
CP at concentrations < 1 ug/L, trends not discernible
forms within 4h; at concentrations
DCAN higher formation then decays over time < 2 ug/L, trends not
to < 5 ug/L discernible
BCAN at concentrations < 2ug/L, trends not discernible
DBAN at concentrations < 0.5 ug/L, trends not discernible
TCAN not detected
at concentrations
111-TCP higher formation < 2 ug/L, trends not not detected
discernible

* Stevens, 1989"
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