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Formation behaviour of Bromate in Processes of Advanced Water Treatment

System using Nakdong river water
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Abstract

The objectives of this study are to investigate a bromate behaviour in the processes of advanced water treatment system (AWTS:

preozonation, coagulator—settler, rapid sand filter, postozonation, biological activated carbon (BAC) beds) and to investigate the

effects of ozonation, pH and ammonia nitrogen on bromate (BrO 3) formation. As a result, BrOs was not detected in the processes

of the AWTS without ozonation, while it was detected in a preozonated and postozonated water. For BrOs formation during June

to November, the BrO; concentration of <9.4.g/L. was observed in postozonated water, while it was reduced to about 46% by

BAC beds. When applied ozone dosage and ozone contact time for influent with Br

~ of <0.3mg/L were 0.5—2.0mg/L.min and

10 min., BrOs concentration increased with increasing ozone dosage. Longer contact time and lower ozone level also was needed

to inhibit the formation of BrO;. At ozone dosage of 1.4 mg/L.min, the formation rate of BrOs increased with increase of pH value.

When NH;—N concentration increased from 0.1mg/L to 0.4mg/L, BrOz concentration decreased to about 38%. These results

revealed that BrOs; concentration increased with increasing Br level, ozone dosage, and pH value, while it decreased with increase

of NHs—N concentration.
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LEAYFTYLE AATFARES] AL Fov diaAET
Aroh vk duls| TRy 71ER Abs T RARES A
A2 (Moniwa (1995), A 5(2007)). Bg @& A4
A Foll EASE F71EAQ BErfo|=(Br) 8} wk
sto] BEWO|E(BrO 3) 7} A HEEA 147
TAA] H 3L Sl Aol (Richardson, et al (1999),
5(2011)). BrO 3= dF5oll= A QA9 Bro
EAYA N A= AR HuEa 9o, BrO
etz e g oz FANSELRA S8
54 71222 10ug/LE AL EH(USEPA(1998),
WHO(2004), DeAngelo, et al.(1998)). o]&3t 7>
BHESEES] A A AZkE flste] UV (ultraviolet)
ZAel o8t A7 (Siddiqui et al, 1994), 3Fehd A 2]
2%t A7} (Gordon et al, 2002), olzk= gl o3k A7+
(Marhaba et al, 1993), 28|11 A ekS o] 83t A
A (Kirisitis et al, 2000) & theFer A7} 7= o]
itk BrO 39 A3 A-E o] Q= JERIAREA = F
2 2F pH, FIESE, dEYoMAL 5 5 thokdt
Iz} Agdh= Zog Hi¥ il 9Jth(Bernard et al
(2004), Mohamed et al.(1995)). W&k & Ao =
G574 b1l e skTE AR sto] A4 AEls)
© A5l U8 ZHEF AXste] T EAYFAH A~

7} 378l alolA BrO 2] A A7HEAS ZAKsE
wgt 9l FERE Y eEA o] wE Bro s
Agel st ZAFE st 1= Al AR 9l
BEseHEs A% Al71aAt SRgich

I ot BN > oo

¥ ATE Sla) AHEE Sl ERES] ABEE Figl
o ERl Hlel o] A5 ARE, Aok AEE FEwt

Z, $R.3AA, B HA], FoE HEx, JEGHE
(BAC) 34 % #EHelrz Toz 7w SUg &
WE O ] ¢HS 100 m”/d Ao FrEA F2 9] A
BE 2 Fyoladus 9% 9 Avds 448 A
S35t SA3 TAEE FEPEF fool 918 F
TS AE el dA|ste] 58742 oJ3s 48}

N

EX EAAX 0T Table 13 7

‘ Raw water storage

Preozonation contactor

‘ Rapid mixer

‘ Flocculator

‘ Sedimentation basin

‘ Sand filter

‘ Postozonation contactor

| BAC beds

‘ Finished water storage

Fig. 1. IEd M| A AR>S HE|HEL

Table 1. Pilot plante] 2XM=71

Parameter value
Preozonation contact time (min) 6.9
Rapid mixing time (min) 1.25
Coagulation time (min) 33.8
Sedimentation time (min) 194.3
Rapid sand filter flowrate (m/d) 103
Postozonation contact time (min) 20.6
BAC EBCT (min) 14.7

Bed depth (m) 25
Backwashing flowrate (m/h) 344
Backwashing time (min) 20
GAC expansion rate (%) 40.7

Tk e

15020 AT EAS 2AVE] 96

x
A AFeETYsEE 47 0.8-4.0 mg/L, 0.3-4.0
mg/LE 39, HFAIKRS 538702 77} 48319
o} F5H o] 254 Table 200 Fe]eksich Bro
o)o] #4& $l5te] A8 0.4 pm PDVF filter?] oz
£ ARgElich £4717]= IC (Dionex 1C—3000) 24
column< Dionex AS19, AS19 Guard, Eluent+= KOHZ
sto] Huj7E e (MDL) &= 0.78 pg/L3Ith. T8 BrO 39
S 9Jske] Ae AR AP HEE vpiv) g9l
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Table 2. &+ T2 5H

Parameter range
Water temp.(C) 15.5-28.2

pH 7.2-9.0

BOD (mg/L) 22-26

COD (mg/L) 43-52
SS (mg/L) 20.9-33.5
NHs=N (mg/L) 0.007-0.134
DOC (mg/L) 2.76-3.23

Br (mg/L) < 0.1

Table 3. BO; £42 I8t HPLCS 2X =2

Parameter Condition
HPLC Waters Allience System
Column IC-PAK Anion
HC(4.6mmx150mm)
Flow rate 1.4mL/min
Mobile phase reagent 5mL NaxCO3+12% ACN
Injection volume 200uL
Post column reagent o—dianisidine(2HCI)
Post column flow rate 0.5mL/min
Column temp. 40C
Post column temp. 80T
Detector type UV detector(450nm)
Maximum detector limit 0.9ug/L

24 30 mL el AR g AR ) 2
F¥0] Q& A9 A% AFo] oHHRIER (NasSO) ©
1=}

AAEE A 2= 248 Azt
O:

2 AASI o9} 7o)

250 %o]

o

m

A= WgaolA 4TE fAte] Hasiglon AH I
B 4% offje]l Al&s] AT BrO 3 w4 A=
AP (MAGERS S, 2001) % o—dianisidineH2 ©]
f3l9on §47])7]%= HPLC(WATERS Alliance UV
system) 24 MDL< 0.90 pg/LAth. BrO 3 #2418 9%
7171 71L& Table. 3o sk

3. 44 & uF

31 2EX2/o| g BrOs; d4dHs
Fig. 2 (@,b)= A.FeEAe3HlAe] A5
Brs5s eEFUs R whE BrO 3 A454S YRl

Roleh, AFEAE FUF9} Rl HrEE AEIAL

[0.0]
(e

—&—Br =0.1 mg/L
—0—Br=0.2 mg/L
——Br=0.5 mg/L

D
o

////D

Bromate concentration(ug/L)
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s
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520 t
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Post-ozone dosage (mg/L)

(b) Postozonation

Fig. 2. M. =2F&xMzlo| e BO; dMHS

o, 94552 Br % (0.1 mg/L °15h 7} wi$- ol BrO 5
A2gd Aol ojEfgo] lolA NaBr &94-& AHE-ste] Bro
TEE 0.1, 0.2, 0.5 mg/LE 2Ast] ARt 181
EFYEEE 0.5, 1.0, 1.5, 2.0 mgL=Z HASIAI7]HA 2
EHEZARE 10202 3lo] AP Fds1ick 1 43
4539 Br 95 %(0.1-0.5 mg/L) ¥ BrO 3 A%
T AeEe] 4§ Fig2 (@9 2ol 4.0-21.1 ug/lL,
5.0—-37.3 ug/L, 7.0-55.4 pug/LE YR, $0E2] H
% Fig.2 )<} #Zo] 3.0-10.5 pg/L, 4.9-35.0 ug/L,
8.2-64.0 py/LE YERIY. 4% Br %71 0.1
mg/LY W BrO 3 55 FoEx g4l nla] 2 eE A
Y7t & 50%8 = =Skl o] A2 A4 At g ®
Y] pHke]l S AAARE AR Ralof 2
pH#E Hrh #& Ao 7|Ist Zo® Hr7hdEth (von
Gunten, et al., 1998). Hhdo] Br %7} 0.5 mg/LL ]
BrO™s 5%+ AoEA R Hlg) $05& AglaaelA

607 ———



Journal of Korean Society of Water and Wastewater
Vol.25, No.4, pp.605-610, August, 2011

PR SFHAM BZ00|ESl AS EIL

—] 608

13.4% = = YEFRTE o] 2EX 2 FolA BrO s
FabEo] NS A5 Br vl o8 98-S v A
o 71918+ A o7 H7HEAT} (Faust$} Aly, 1998). 53] &
EFEE BrOs g AdfedE Fssrt
1mg/Lo)atd Wl 23-50%, 2mg/L.o]dd o) 38—59%=
UeRd o 24 A5 eEAE] 25 BrO s Al &7
FE JFo] F5 ¢ 7 USlTh

Table 4= 2 EWHE 559} FHAI7t0] BrO 3 A/l v
A= Gl diste] kst AE el slolrt, 3
T FTLEFTYHS 1.5 mg/L (B 2E5%/DOC=0.5)
o] HE2 Q&EMAET(0.5-3.0 mg/m’.min) 9} =4
FAZH(5-38) 2 H&S HEstAA FAsIATE =2l
ARTE AFE 5t Br $5E 0.1, 0.3mg/Lo® 243
sl om, B Ao A43 Br s SHSE EUY <=
%9 Br 5%(0.03 — 0.2 mg/L) & FARHS e
(Legube, 1996). ¥of YeRt vle} o] I3 Br &
%7F 0.1mg/L¥} 0.3 mg/LYw BrO 3 AYsEEs 242t
4.9-95 ug/L, 11.5—-14.8 ug/L 24 Br 5% 0.1mg/L
2 Aol QUM 0.5 mg/m’.min, HEAIZF 3882
283 LHFA] QWA EE 3.0 mg/m’ min, HEA]
7k 58-S L3 2 F0] BrO 3 AdFEE 28 =7
S7H 7T wEbA BrO 39 Adul&S #HAastksl] Sl
A e QERAEES) 7 HEAY BlEE FoET

o] H=5 sfo] Aglshe Zlo] AddE & o 3l3lth

32 pH2t NH;-N2| Hstol| w2 BrO; HS

Table 5i= pH#ES] HE©0] BrO 3 Aol vA= J3&
ZA¥7] SeliM A4%2 Br v 5E 0.2 mg/LE 2/d3)
of Agst AvE s otk AL pHE 6.0, 7.0,
8.0, 9.00% AN QEFYFEY} QEHFZAINS
717} 1.4 mg/L, 10302 3o S=3319ict. 2347 pHat
o] ¥l mE BrO 39 s %7t pH 64w Rt pH
7, pH 8, pH 99w Z}2} 30%, 46%, 44% © S7Vsh=
FdE veRET o8 e Aok BrO 3 A4 20] 2
0C1 79 pH7F AP ol TA o nrk= dvted
ool mrt wo] AGETH: AR el FARE Auts
et (Marhaba®} Medlar, 1993).

AUk © F BrO 3+ Br 7} OBr , BrO, & AA AAH
3, ¥AReET OH ]2} § Whgshe BEsHt 23t
AZA BRI AZE AXA A pH7F TS
Br™ + O3 — HOBr + 0, + OH <] 4k32]o| <a)
OBr /HOBre] Z7Fste] HOBr + HoO — Hs0" + OBr~
o] WhS-213} OBr~ + 203 — BrOs~ + 20,9] wk-g-2lof| 9
3] BrO 3 AAol F7kskal, B pH7F o™ OH 2t

Table 4. ZefoiotsE2| Brsr, RLEFUSE, HEAZ H
ol e BrOs M EH

Bromate («g/L)

Condition Br Br
(0.1mg/L) (0.3mg/L)

* i 3 .
OGC: 0.5 ma/m .m|-n 49 "5
Contact time : 38 min
* i 3.
OGC: 1.Q mg/m .m|_n 70 146
Contact time : 17 min
* . 3 .
OGC: 3.0 mg/m”.min 95 148

5 min

Contact time :
» Ozone generation concentration

Table 5. pHZte| ¥Sol e BrO; M4 EH

pH BrO5 (xg/L)
6.0 46
7.0 6.0
8.0 6.7
9.0 6.6

Zo] 7o R BrO 3840l S7keh= o et
(Haag, et al.,(1983), von Gunten, et al.(1998)). 21|
A ARAl el pHakel 87 9% Sk 497t
Aot HeFe| &Jaf BrO 37F A2 AR ¢kar Ko
7] pHEE] 7.0 202 fAE o % pHell tist 9T
2 A& o7 oE.

Fig. 3> NIH;—N 557} BrO ™3 A/l vx]& 3=
ZAkE] laiA fdes Sl NH-N 555 0, 0.
0.4 mg/L MSIA7|HA A8 A5 vepd oot o]
QEHFZAE 5, 10, 20, 30%, LEFUEEE 1.3 mg
/L, Br &%+ 0.3 ng/LE 3F3ith Fig. 3¢l yvehd vie}
2ol NHy—N 557} 0.2-0.4 mg/LAw HEAIZH 527}
A= BrO 3 o] A AE QAR 53 o] S4B = A4l
ox F7khs s Btk 53] NH-N $%7}F 0
mg/L, HEFAIZto] 3024 W BrO 37t 14.9 /L 3% A4
2 o] NH,~N 557} 0.4 mg/L, BEAI7k0] 302
W BrO ™37} 9.3 ug/LA % e NH,—N 59 Z7}7
Qlsto] BrO s A/d5 57} ¢F 38 & AAES & 4 3
%t} von Gunten (1998)+% HOBro] NHsz} {3
NHgBro] AAE o2 HagAit A9 58 =420 OBr &
=9 F 9SS B ov, Bernard et al. (2004) &=
NH;—NE #71shd @& 28l|7F 228l A 22 NHy—N7}F
Ae] 2x1d W7hA] BrO 32 /o] A|Agthal Baskg)
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o1

o1

Bromate concentration (ug/L)
>

o

0 10 20 30 40
Ozone contact time (min)

Fig. 3. NHNSE2 @EXZAIZI| w2 BrO; 4454

o

ok webA A5 BrO w7t 3718 A eEq7% 1
2 9 NH,-NE 9151 BrO 84S #43d & 9
& ATk ol vk NH-NFSlel 28 BrO™:
AIAALNL 67 shlFFe Br st Ask
(0.1 mg/L) & FA8kH= Ba7lols 288 Aax= A
A9k Brs 7k asE (001 mg/L) 2 FYEE 257
= AR Agshs Zlo] Aadhe HojErh

T

10 o
x

33 IEMTXeESHYE BrO; X554

Fig. 4% 158512 A 28 9lojA] 7 37" BrO 5
o] BAAES YEPd Ao B A9e gY9-119%<l
FEEQITE 2871711 6, 7, 9, 119 B¢ &7 E
= AA eake] Rz o Aste Aoty A
9] 49 AeEMPRO)S 1.2, 1.5, 1.5, 0.8 mg/L, T2
Z(P00)2 1.0, 0.3, 0.7, 0.3 mg/LZ ZHz}F F9)8ksdt)
ojuf A= e} SPHGEA QFH R FLE x24e)
adE ARSI, A4Fe Br—sTb
6783 pg/L3It). 17l YERd nfs} o] 2EXTE )
2] k& BrO si= A28 A 3 olA] Aol w4 &
& 07 yehgth wbde] o E24 = e 72t 34
H BrO s SXTEE A 23 6-9E€ A7 & 2o
I (SF) 7H= BrO ™57k A AEHA] 3AIRE 2.5
FollA 0.8-9.4 pg/L%2] BrO 37} A& E ATk 53] 9
LAE AT EAFE F2E AegrellA
9.4 pglLAES =2 BrO 557 HEHeH, $4 &
491 BACEH M 46% A% 7Hadh= AeS B3k 11
DA E HeEAT A BAE BrO 37k HA o3
gellM 12% B = AAE AT Fo.EA A thA] S7F
¥ 5 AEGHEF AN 7AAEE FA o7 et
ol AARF7IENOM) 9] F3FS @ vh= of7ofx] ¢l

A oL

10
—o— wWithout 03

8 —=—with 03June
~ —o— With O3uly
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=
= —— With OF:Nav,
L=l
o

2

0

Rw PRO F3 SF
Frocess

POC GAC P
Fig. 4. 2&HM2lol g =¥sx2| SHY BrOysteX

TR} BrO 37F & AFEhs 21 & & %o g
‘detoll 8] BrO™3 AlA= A" W ARE7|o] e &
Aere] AS AN 5~62% % TrFsA Yepdth= V)&
o Ae} Akt A¥E vreRch (et 5 (1997),
Kirisitis et al(2000)). webx 119745 Alglehd doE
FollA= BrO o7t AEHA 4ol FoEFoM= A8H
A0 Z Yeht HoE Agelrs AARAL] 245 (H7]
5 NH,-N 5) 7] ukg-o % Qg Aja oz 93} Br-
o] whgo] AW Floz FHECE i FoFoM
AAT Aol ] 7152 A AL NHi-N2| AAZ 13k
BAEAL] F57F A7FsFEA BrO s Aol digh 2]
Fo] SHiE o] AoFo| ]3| FoEFoA B BrO 37}
AAE RAow BzheEr)

4. 4 B
FAFS olgate] LA wE
BrO 39 AAASS A S8l e A2 A8
o] 7+ AE) e BrO 3 A58 9 e Fdns
(pH, NH4—N) 7 2 E3)g]o] i BrO 3 AAES AL
3 A3} vy 22 ARow IS 5 ik

1. 9FFUE%(0.5-2.0 mgL) 9 Br¥%(0.1-0.3
mg/L) 9] WEol uhE BrOs o] AA5S A Ay} 4,
F9F FY%o] 1 mg/Lolst U 2 mg/Lolddw BrO 3
AR gko] 242} 23-50%, 38—59%S UEPEO R 0F
FAE7 BrO A o] DA o] leS vER
o w3k 9 E=WHAE T (0.4-3.0 mg/m’.min) 9 HEAITF
(5—-38%) o] WEo] W BrO ;9] AAEAS A5 4
W FoEFUHL e o EIAE L 71 HEA7HY

Ul R APgehs 2l0] BrO s okt 44

95T 4
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s VbRt
2. pHe] W3}(6-9) o w2 BrO 39 AHEALS A8t
A3 pH 6olstdu] B} pH 7017 duf BrO 9] B4&
o] 30—46% A% ¢ 7o 2 pH7} =2 55 BrO ;3
o] B EE T7FHE vERTE B8 NH -NFY5 %=
©] W3H0.1-0.4 mg/L) g} LEFFAIIE] W (5-30
) o 12 BrO 39 A2 NH;—N F55 0 mg/LollA]
0.4 mg/LZ S7MAA ST 38%7d 2] BrO A4 A&
= e

-

3. _Ll:;e_/,:ﬂg]/\ /\Eﬂoﬂ 0101}\1 7} ngﬁaﬂ BrO~ 01 /%4/\4
AEE 2R A3 e EAYE 4 94%ks W BrO 5=

}\])\Eﬂ A 1%401]/\1 BrO}O] /ng/ﬂ Q x] olo H]—D:]oﬂ 9_4_1}
2A 6-9874 = Aol Befld a7k BrO 37t
A ABYHA ARARE T FFox 0.8-9.4 ng/L7E %
A R 0% Uerst) 9270 AHE Bross o) o
46%74 =7t YESIFHBAC) 34l 3l A7E S el
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