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Abstract: Bromine incorporation characteristics and their effect on the formation of Br-DBPs ( Br-THMs and Br-HAAs) in Huangpu River water were
explored by investigations of DBPs and batch chlorination experiments of water plant effluent. Results showed that about 10% of the bromide ions in raw
water were transferred into Br-THMs and Br-HAAs. During chlorination experiments TOBr Br-THMs and Br-HAAs were increased in the case of high
bromide concentrations with excess residual chlorine. Br-THMs were increased along with lengthened chlorination reaction time but Br-HAAs remained
almost the same. Compared with free chlorine chloramine disinfection can effectively reduce the production of TOBr among which Br-THMs were
reduced significantly. When pH increased from 5.0 t0 9.0 Br-THM formation was enhanced due to the base-catalyzed reaction but the ratio of HOBr/
OBr was decreased and resulted in the reduction of Br-HAA formation.
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1 ( Introduction) »
( >200 pgeL™) ( Huang et al. 2010) .
(Zhu et al. 2006; Fu et al. ( Huang et al. 2003; Hua et al. 2006; Uyak
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et al. 2007) . HOCI NOM DBPs
HOBr HOBr ( NOM) Br-DBPs ( Chowdhury

( Br-DBPs) et al. 2009) .
DBPs ( Myllykangas et al. 2005;
Zhang et al. 2008) . Br-DBPs  Cl-DBPs N N pH
N THMs HAAs
DBPs ( Myllykangas et al. Br-DBPs
2003) .
THMs  HAAs DBPs
2 ( Materials and methods)
THMs  HAAs
AOX ( absorbable organic halides) 50% 2.1
( Heller-Grossman 2001; Ates 2007) . (X
THMs  HAAs . + )
N NOM DBPs 0.45 pm 4 C
( Huang et al. 2003; 1.
Kampioti et al. 2002; Hua et al. 2007) .
1
Table 1 ~ Parameters of sand filter effluent
I m[;OLC ) /L ;Vnzsf' SUVA /" ljn}gh L_l’\l' ) i mz LY pH
3.534 0.101 2.860 0.132 0.298 7.070
2.2 ( MCAA.MBAA.DCAA.TCAA  DBAA)
200mL. 0.1 USEPA method 551. 1
mol* I.”" NaOH H,SO, pH 2 mlL 1 method 552. 3 GC-ECD( Aglient6890N)
mol L.~ pH ( Na,HPO,XH,PO,) DB-5(30 m x0.25 mm x0.25 mm)
: 25  THMs HAAs 0.5 pgeL™!
C 48h. 1 p‘g'L_1 .
THMs METROSEP A SUPP 5-250 100 uL
HAAs. 3.2 mmol * L™" Na, CO,/1.0
KBr mmol*L " NaHCO, 0.7 mLemin~".
. ( Alfa 2 ug*L.”". TOBr
Aesar co. Ltd. USA) 12% ~15%. ( Huang
50 mmol * L™" NH, CI 40 et al. 2007) .
mmol*L.”" HOCI(  Cl, ) 1h 2.4
4 C . THMs ( Bromine Incorporation Factors
HAAs SUPELCO N BIF) DBPs THMs  HAAs
( Baker USA) . BIF n( THMs)  n( HAAs)
. Milli-Q :
2.3 - o n( THMS) = Cenpic, +2£;I:[(:Br2 + Cepp, (1)
TOC, TOC UNICO- C +2C
UV4802WH UV,,.4 THMs n( HAAS) :W (2)
( CHCl,.CHBrCl,.CHCIBr, CHBr;) 5 HAAs ((mol + L")
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TTHM  THAA t) TOBr. BIF Br-DBPs
( pvmol'Lfl) .
Br-THMs.Br-HAAs.TOBr  TBr( ) Br 3~4
(pgeL7h). 3.2.1 2a Br~
) . 0.3~3.9 mg'L'l Br~
3 ( Results and discussion) B
THMs HAAs Br
3.1 Br-DBPs
2010 6 X THMs  HAAs 2100~ a
| A THMs
4 1 1800 |- ¥ HAAs
-1 1 | O Br-THMs (¢]
0.18 ~0.30 mg*L 0.22 mgeL™". 1so0l D> Br-HAAs
THMs  HAAs ¢ o g OTom
GB5749) 21. 14 ~ 2 sl
- _ i o
25.90 pg°L ' 26.31 ~37.95ug°L " £ 450l
Br-THMs Br-HAAs 10 200 B
0 -1 B
pgel™( Br ) ok .
I og 1 \'> 1 |[> 1 T N 1
T, A0E 0 1 2 3 4
B ~ MR (gL
mﬁ 30 .k b 0O #(THMs)
L - % n(HAAs)
E 20 $ £ v ’ S
2 = m
o0 7 2r
2 g
& 10; == = :n‘é
- 1 12 £ 7
L L,DJ 2 -
- @ 08 3 go2r %
L 04 g [ =
| | | | | | g o1k ¥
THMs HAAs Br-THMs Br-HAAs n(THMs) n(HAAs) g
1 Br-DBPs 0 | 1 | I | 1 1 I L]
0 1 2 3 4
Fig. 1 Br-DBPs in effluent of a water plant on the Huangpu river BWE TR (mg-L 7Y
0% | —/\— Br-THMs/TBr —[O— Br-HAAs/TBr
40% - —O—Br-THMs/TOBr ~ —%W— Br-HAAs/TOBr
Br-DBPs L
( Richardson et al. 2003; Wang 30% i
et al. 2010) . HOCI 920% -
HOBr/OBr~ / :§ 0% :
Br-DBPs & F
. THMs  HAAs Mt \
4% |
2pgeL”! 10% I \*
2%
DBPs .THMs HAAs ( BIF) C @\ﬁkg |
| I S T I S Y TR [N TN N T A T Ml 4
0.95 0.60 DBPs ’ 0 05 10 15 20 25 30 35 40
1t o
( Nuray et al. 2007) . RAF IR (gL
Br- 2 DBPs ( HOCl =5 mgeL"'
HOBr HOBr T=25%C (=48 h pH=7.0)
Br-DBPs Fig.2  Effect of bromide ion concentration on the distribution of
3.2 DBPs( HOCl =5 mgeL~™' T=25°C =48 h pH =

7.0)
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2.1 mgeL™' THMs HAAs BIF HOBr HOCI
200 pgeL™" 580 pgeL'. Bro<2.1 Br~ HOBr/HOCI
mg* L~ HOCl >3.1 mg-L™' Br-THMs Br-HAAs TBr
HOCI : DOC >0.89 27.0% 4.6% 8.0% 0.4% TOBr
HOBr 36.0% 6.0% 21.0% 0.9% (
TOBr-THMs  HAAs . Br~ 2¢) .
( 2 Br~ 3.9 mgeL”' HOCI .
1.5 mgeLL”" HOCI : DOC =0.42) Richardson Brm 1°
TOBr  DBPs ( Br-DBPs I-
HOCI HOBr DBPs) ( Richardson et al. 2003) .
( Hua et al. 2006) . DBPs 3.2.2
TOBr  DBPs ( 3a)
BIF ( 2b n ) .THMs  HAAs 48h
Br~ 0.3 mgeL™' 3.9 mgeL™'  n( THMs) .Br-THMs  Br-HAAs
n( HAAs) 0.90 0.13 2.70 Br-THMs
0.22 ( Nuray et al. 2007) .
_ —o0—THMs —%— HAAs—4— Br-THMs _
oo b © —p—BrHAAs—o—TOBr 24 P 0= n(THMs) ~4= n(HAAS)
L ) o
w00 L /——%——H = 221 /@
I g F
s SN W
= I / § T
féﬁ 450 - /n//ﬁ §0.4 -
300 |- i/ T; 03
I 1 =% = B l
150 - g ¢ F 02 l\é A A
0 i L B id — 1 I —* | 0.1 [ | 1 L L L 1 | | 1 1 | 1
0 10 20 30 40 50 0 10 20 30 40 50
SRS IE] /b SRS IE] /b
0% o
_ /Z”ts
30% - =
L e— ————©
20% - l/i/
| / —O— Br-THMs/TBr
Sl —A— Br-THMs/TOBr
= P —%— Br-HAASs/TBr
g L —O— Br-HAAS/TOBr
o
2% |- N 1
- 35
I - Y
1% |-
1 ! | ! 1 L | 1 1 1 1 |
0 10 20 30 40 50
SR [R] /h
3 DBPs ( HOCl =5 mgeL.™! T=25°C Br~ =1.83 mg*L."' pH=7.0)

Fig. 3 Effect of reaction time on the distribution of DBPs( HOCI =5 mg*L~! 7=25°C Br~ =1.83 mg-L™' pH=7.0)

n( THMs)  n( HAAs) ( Zhang er al. 2008 Li
. n( THMs) et al. 2008) . THMs
n( HAAs) ( 3b). ( CHBrCL, )
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( CHBr,Cl) n( THMs) 33.0% 1.9%.
HAAs ( MBAA) ( DBAA) Br~ DBPs
( DCAA) 3.2.3 4
( TCAA) n( HAAs) THMs HAAs 90%
75% ; Br-THMs  TOBr Br-HAAs
Br-THMs  Br-HAAs ; n( THMs) n( HAAs) ; Br—
TBr 12.0% 1.2% 27.0% THMs TBr  TOBr
1.5% TOBr 16.0% 1.7% Br-HAAs TBr TOBr
[ a 74 THMs SaL? VZ7) n(THMs)
1000 - B HAAs ~ L AHAAS)
L T TOBr gL
XN Br-THMs 7z
—_ 800 I w Br-HAAs § 2.0 K
RN T ]
i § 09 |
=06
g L
2
303
m =
L 0
[NH,Cl]=5 mg-L™'
C
60% -
Br-THMs/TBr
50% [~ [ 1 Br-HAASs/TBr
XY Br-THMs/TOBr
40% |- % (I Br-HAAss/TOBr
£ 30% | 5
ol
ks \
[HOCI]=5 mg-L™!
4 DBPs (T=25°C Br~ =1.39 mg-L"! 1=48 h pH =7.0)
Fig.4 Effect of different disinfectants on the distribution of DBPs ( 7=25 °C Br~™ =1.39 mg*L.™' =48 h pH =7.0)
TOBr . pH 5 9 Br-THMs TBr
DBPs Br-THMs TOBr 13% 18% 29%  40%
Br-HAAs . Reckhow Br-HAAs 2.3% 2.9% 1.2% 1.7%.
( Reckhow et al. 2007) . Br-HAAs pH  DBPs : (DHOC1/0C1~
HOBr/OBr~ e NOM
. pH
Br-HAAs( Lei et al. 2006) . THMs ( Wang et al.
3.2.4 pH 5 pH  THMs 2010). pH OCl™ .OBr~
pH THMs  Br-THMs (HOClI  HOBY)
HAAs  Br-HAAs . n( THMs) HAAs (Lietal. 2008).

;n( HAAs)  pH
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Fig5 Effect of pH on the distribution of DBPs (

4 ( Conclusions)
1) THMs  HAAs
10%
Br-THMs  Br-HAAs
2) Br~
( THMs.HAAs) TOBr TOBr
Br-THMs  Br-HAAs  TOBr
Br
3) CHBrCl, CHBr,Cl
MBAA  DBAA
Br~ THMs Br-HAAs
TOBr  DBPs
Br-THMs . pH 5 9
THMs Br-THMs-. TBr.
TOBr HOBr/
OBr~ Br-HAAs

E-mail: huangxin_china@ 163. com.

HOCl =5 mgeL™' T=25°C Br~ =1.83 mg*L~' t=48 h)
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