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WE: W5 T AR pH T, 0 5 ¥R B /A s & 70,
NDMA i f&#—Chlortoluron )& Ak 8h 1 S PR B L. S5
B L, & pH /8124 6,7, 10, Chlortoluron ¥ & % 9. 4
L', Cl, ¥R H 188. 0 pmol « L7 54 F , 55142
AR [ ok J ¥ 8 B8 it , Chlortoluron [ [ R SR 454 Bl —
Gl )AL Y pH 435028 6,7 B, Chlortoluron {3
FRRf A SR B VR B B T 2 K, SR S R JE A TR
i, AR R I PR EE /3 Chlortoluron By R B He, X FT g5
BB F T HOBr B BUA 6. 24 pH 2 10 B, IS FIRE
38 fb%F Chlortoluron ¥ e iR ¥ A B EF W, W §E 2
ClO™ 5 Br™ AN K 4 R, T8 A 28 1 HOBr. AR #8 %f
RBIE RIS 1501 KR T AR LB &M T . AR pH B
B —F R R B 12 ko 5[ B, 1/[ CL JHIZRPESL F, 3T

IR B E A T RATE T HOBr 5 Chlortoluron B b
BB (s = (1. 95220, 44) X 10°)., et A3 F1 22 100 F S5
BTSN E FA Chlortoluron F /b7 28 i 2 14 KA H.

XK WBET; &1k; NDMA; Rifk4); Chlortoluron
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Influences of Bromide Ions upon Chlorination

Characteristics of Chlortoluron as Precursor of
NDMA

TIAN  Fuwiang"?,
ZHANG Tianyang**

(1. State Key Laboratory of Pollution Control and Resource Reuse,
Shanghai 200092, China; 2. Key Laboratory of Yangtze Aquatic

XU Bin'%, QIN Lang™?,

Environment of the Ministry of Education, Tongji University,

Shanghai 200092, China)

Abstract. The
nitrosodimethylamine ( NDMA ) precursor,

chlorination kinetics of N-
Chlortoluron,

controlling different concentrations of bromine ions under

Wk B 3
HEWH .
F—EHE:

2013—-01-05

different pH, was investigated in this study. Results show that
degradation of Chlortoluron still meets pseudo first order
dynamic model when different dosages of bromine ions are
controlled at scheduled pH of 6, 7, 10 (concentrations of
Chlortoluron and Cl, are 9.4 pmol « L™! and 188. 0 gmol -
L', respectively). The degradation rate of Chlortoluron
increases with concentrations of bromide ions at pH 6 and 7.
Chlortoluron degrades faster under more acidic conditions.
This phenomena are probably related to the generation of
HOBr in the system. Nevertheless, when pH is 10, variation
of bromide ions has no significant impact on the degradation
rate, which may be attributed to non-reaction of ClO~ and
Br~ and no generation of HOBr. Based on the Kkinetics
analysis, this study obtains the linear relationship between
kas and [ Br, ]/[Cl; ] at these pH conditions. Then by solving
ordinary differential equations, the reaction rate constant of
HOBr and Chlortoluron is calculated (ks = (1. 95+0. 44) X
10%).

relatively far high rate constant also explains the distinct

Simultaneously, from viewpoint of dynamics, this

faster degradation rate of Chlortoluron with the presence of

bromine ions.

Key words: bromine  ion; chloramination; N-

nitrosodimethylamine(NDMA) ; precursor; Chlortoluron
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B2 —Rg A RSOk, EE/M T
F BN RIS B AR A R AR TR} 2R R A 2
¥, Chlortoluron P Fife e , )& TR ALY . 78
G Chlortoluron 2 JoykE o i ik A Hb FR 7K 2K
& I AR PR B RS . P2 E IBER
<, Chlortoluron ZE7K H 7 L 38 H A 2 38 I W] 1A 8K
HAZABEEEST REEW NE R REmR.
T ¥ Chlortoluron £x & A G248 Wi {855 L%
238 1 A b A T HE A R K. AR — s T
e [ AN A 1 4 E R W IR ZE AFFT 2 B, Chlortoluron 7E
Hb 2R KR T K A R L R R B A OR B Y
KSR B SR AR 7K HR AR — o o 24 A B R A
RN 0.1 pg » L1, FRAREAFIEY
REEB = AR mREWRERN 0.5 pg -
L7, Chlortoluron %} ¥REE A4 75 Y It H 2 X% 7K AR Y
154 B2 B AN SRR

EA 5 & B, Chlortoluron 7 I GIH 2t 2 rh
SR EHEBRFY, =K P K LR R
BEE R LE. 0 5. pd ARABR S, RO TR K
(NDMA) & 10V i 53¢ 2 8 25 Bl 7= ) R 7= Ak B0 . 3
W R S AR R E B K E . R &
A (NDMA) &34 e 7K b B4R Hh 5y 26 7 1
F[UDILE R = Z — , [ br i AiE B 53 B 1 3
YL A AR B T HXF AR S0 RE 7 . 6 2om
FYE R 2B, R ZY Rt E FREERRERTEA
T 200 MEUERZ — (BUBSEHR R 2 80 . kBT
BRI EEUN 0. 7 ng « LT 4T BUS TG EB0UE
KB Z& ik B 100 Xu B9 OBF 5T E B,
Chlortoluron J&7K & BE AL 2 4 i, NDMA § &
BRI, R ST Chlortoluron #4847k H Y
AL MR R A BN R I E L

FALTHE R HETE NS ME K2 B0k R FHEHE
B AHMEAAERSKPHREEND E
A RO P A A B0 U 2 I = 4 (DBPs) 4n = pq HH
P2 (trihalomethanes, THMs) 250314 22 [ 5E h &
WE 1 DBPs f85 A2 X5 sh ) BUE A5 R ET .
B R AT AL TE B BT S 800 DBPs Xt A A filt 5 &
BAMEEATHRSZXE, MALEELETE
B A 2 A0 R B e B 2 I SIS 5 9 48 251 ] A
B 7K o HAth B F %t Chlortoluron G844t i 18 1Y %
M, X F8F 5% Chlortoluron 78 AN [A) Mg /K Ak ¥ A4 &4,
HE A EERNEEMERE L. HTiFE
H XU R A I FROK FIHL K P RS A
WZM Br ,Br 55 HOCI i A: B8R TR H

LR R HOBr, TR 1 0 16 52 N7 3R 38, T 48 T
HOBr fsg AL RE L — 2 54 VL £ B = 8
MR MR ER =Y. A LEL Br AERE
FHF5E Chlortoluron ZE G kT #2 rh A AS AL R AL, 2
T, AR T IEAR pH T, 7EAMINR & F 5
Chlortoluron 7 G A i 72 i 9 B A 4 4, I 38 o
MATLAB fRACEE T BLA48 o eR SR AR 5 0003 7
e R WA b Y g

1 KEHRFTTE

L1 AR5 EE

RIS T F i) Chlortoluron S 6 3% 4l A v /i (46
BT 99.0%), 1 H#EE Dr. Ehrenstorfer 23 .
B RSN IR IRIR R R IR R IR — ST
TRFREN IR TR S0 TR B BR M i A LB BR 4N . BRAL PP
SR ¥ g s A A a0 W B [ 2 4R AL
FRFARA R (). K58 K SR E R
(6N AZMEO W B Sigma 5 255 b F A HAH FR
AR (), BRI R BRI AR TEY
K DPD-AES i Ax M. 356 4l F i A L7 55 A
IR e 4R, W H 1. T. Baker (USA). RIS B
FOH R 3 R R S K IC . B 4K i MilliQ
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Chlortoluron ¥ 5 il 5 5k FH = ROHORE €638 8%
FEAULFH Waters e2695-2489 FRURA L IH1X. &
AR 4 BIR A Waters XTerra C18 @ 54F: (4. 6 mm
X 250 mm, 5 pm, Waters Inc, USA) 5 Welch
Ultimate C18 #£ (100 mm X 4. 6 mm, 5 pm, Welch
Materials Inc. , Shanghai, China). i & S L1563
IR IR AT T AR AERR SRR
THZ-300C fEiRIE K 4251 R BBy 25 °C, &
2200 r « min~'. RN pH F & # PHS-3C
¥ pH TH &I R 2 s il
1.2 RS HAE

Chlortoluron I % B BORAH G35 541 - i i
L0 mL « min™"; Wi s AHAE B L A H B+ K=
60% * 40% s MK 240 nm; S3HrHE] 10 min, f
Chlortoluron &K (20 mg « L D EH — R FE
HeERLE /395 5,2,1,0.5,0.1,0. 05 & 0. 01 mg -
L3 7 AR Ui BT e 8 AN i BB AR LR R LA/ ViR
22 AR 60 T T AR B PR VAR o R BE AR A o 4R
ILERE R BR AT 3% 10 pg « L1 28 T AR IEE0E 1o o
Bk e R T R S HR M b HE 2R A



274 Rl ¥ k2 2 WE KRB 2B

LRV

T (s X 5 5 vt S B I AR,
1.3 Chlortoluron 4V B fRi1e

SAREfRE T THZ-300C fHIRZIKR A (25 C
1 O #AT A AR 250 mL FRE 41 0 7
. 7E 9. 4 pmol » L™ ) Chlortoluron JZ N3 H , il
A MW (pH 4 6,7 I B AR RS2 s W pH R
10 B I 1R 4k 28 WP I VRO o U % wh ¥ WROHR BE 3 10
mmol « L7075 3 Jin A [W] & M KBr ¥ #l
[ Br, J/[Cl, J{ , HI-& 38 ¥R BE 09 B R ¥ v FH L AL A
BWHER R pH, R M — B BN IR AR W
([HCIO]=188. 0 gmol « L', PA Cl, #) #H: AR
W, L 2 R R A IR T, 7R N A A [ B 220
FESBURE 1 mL JBCE TR SO, IR R 50
pL NayS; 05 (0. 01 mol « L™ ) IS R ET
4 CHERAE S, RIS R s SR E
Chlortoluron R E , AR 58 B 354 7.

2 HEER5ITE

2.1 pH X 6 BRE F3F Chlortoluron 9§ 4L FEfE
R Z R R0

FINAS [} e i VR B ¥, {45 [ Br, 1/[ Cl, 1{E 43
B4 0,0.01,0.02,0.05,0.1,0. 2,pH 2N 6 BF, A
— 2B ) 5 I T ER AR A A A R 5 B 2R AT
A R E o ([ Chlortoluron ], /[ Chlortoluron ], )
(FoRn T=0 Fl T=1 i} Z| Chlortoluron ¥ & 2 L.
IR0 XoF 527 B )4 B, A5 R 1 Fw.

—~ 3.5F
g 30k /. == [Br,)/[C1,]=0.01,R2=0.983
2 — [B,)/[CL,]=0.02,R2=0.994
A1 L
2 2.5 - [Br,/[Cl,]=0.05,R2=0.993
£ 2.0f -5 [Br,}/[CL,]=0.1,R2=0.953
g sl -~ [Br,]/[CL,]=0.2,R>=0.995
3 +- [Br,/[CL,]=0,R?=0.989
S 1.0 .
s
5 0.5k
E 1 ]

0 2 4 6 8§ 10 12

T/h

B 1 AE[Br.]/[Cl,]T Chlortoluron BEfEHL

— IR 2k (pH 4 6)
Fig.1 Pseudo-first-order kinetic plot of Chlortoluron
chlorination with different values of [ Br; ]/

[Cl.] at pH 6
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0= S N i 11| P VN TTT RTINS S S g A= A £
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0. 98P %5 hn Br J§ Chlortoluron By F& f# iR 56 %%
Pt 5 BRI G 45 R4, In ([ Chlortoluron |,/
[ Chlortoluron ) ¥ Jz i Bif [B] 475 8% B 7 % 45 Ao £k 1
(FHRZREL R >0, 950). XG5 REKW]H Br F7E6T,
Chlortoluron A58 KU 3 AR AT Gl — R
PR, T B [ Br, 1/[CL M AKIT & , BERR)
BB, @RS, [Br, J/[Cl, 43514 0,
0.01,0.02,0.05,0.1,0. 2 B, FoH) — R W R H
B4k 0. 048 4, 0. 130 9, 0.257 2, 0. 532 2,
0.965 3,1.181 5,2.077 4 h™'.
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T

- [Br,}[CL,1=0.01,R2=0.981
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Fig.2 Pseudo-first-order kinetic plot of Chlortoluron
chlorination with different values of [Br, |/[Cl: ]

at pH 7
ME 2 TLIE d, pH 2 7 BFEIE LS pH 2h 6

i Z AL, Chlortoluron Ak 5 N ok 2R 351 JE e &
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HOBr & & 1% i, K H 5 Chlortoluron &4k I
TR G A R 2L Rl 2 A, W& [ Br, /Cl, ] B34
i, H SN AR E B R/ T pH y 6 MIEIE. 78
[i]—[ Br,/Cl, M F,pH & 6 B Chlortoluron # %
EEBBII BT pH R 7 BT, XA REZ H
FREUAERPAFR H WeE B, H #kER
K, A B HOBr # 5k #% ., M &% Chlortoluron
& 2 #e L& 9, In ([ Chlortoluron Jo/
[ Chlortoluron], ) 55 [ % B 6] 22 ] 4 A2 £k 22 B 0 &
Bt R (R R B R? >0, 960). X i BH7E pH Ky
74T, B A Br F24ER}, Chlortoluron HJ 44,
A B RE R AR R AT B U — RS R S R S
pH Jy 6 MBS EAA L FEE KM &R [Br, ]/
[CL I AW &, P& B HLE R R R ZE LK,
[Br; /[ CL 143#1% 0,0.01,0. 02,0. 05,0. 1,0. 2 i,
FAU— G S L A H By ) e 0. 189 6, 0. 214 4,
0. 246 4,0. 387 7,0.634 2,0.830 2 h™ 1.
2.3 pH A 10 BRE F3T Chlortoluron By &4V [ 57
EEA
R pH A 10 Z44T,. R AR K
[Br, 1/[Cl, J{& i, Chlortoluron F) 4 fif 1 £& fn &l 3
FR.

g N
=} W

—
W
=,

p(Chlortolouron)/(mg - L")

& 3 AE[Br:]/[Cl J{&T Chlortoluron f)J&i &% &k
K Rzpt A EE4L (pH 24 10)
Fig.3 Variety of Chlortoluron concentration with
reaction time under different concentrations of
[Br:1/[Cl:] at pH 10
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(R*>0. 980, X LAFFI ) . ix R W pH 2k 10 HA
Br~ 727}, Chlortoluron #4846 BN th 247 48—
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o o H & JLF B’ A L 4 B K
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FS M EAREAR FEA. MTHEEFER. Y
KR B B, S0 5 R I AR AL RE
JIE A KIRER. HOBr B pKa {6 8. 9, tt HOCI
B pKafl 7.5 B\, 75 pH H 10 4T KPR E
| ClO 4. ClO #£4A5 Br RELER
IV o PSSR A I 7 S B R S AR AR KL FEUR N Br J5
RN B R /N HE I, BT DU R pH R 10 444
TAKFUAFAES R HT A HCIO, X2 HT #
HCIO 885 Br~ ik gt HOBr, HOBr AL AE 1
& PR OB R R g A . B A & HTM
HCIOMFER, BRINE LK Br LB ANES
Chlortoluron [ R E 2K,
2.4 RBEFTFIER Chlortoluron S BRI 15
S

Vi b 3 AR pH &4 T Mk 45 L R W,
Chlortoluron B GALREAF S RS A L —FNT » 5351
SRAF koo SN P 28 W52 7 3 2R 5 850 {8 % [ Br, 1/
[CL MEMER, KR A 4 B,

-8 pH=6 % ;, =10.37([Br,/[C],])+0.05,R2=0.990
2.5 —a pH=7,k 1, =3 .46([Br,]/[C1,])+0.19,R2=0.980
-8 pH=10,k,;,=0.98([Br,}/[CL,])+0.57,R2=0.990

1 1 1 J
0 0.05 0.10 0.15 0.20

[Br,)/[CL,]
4 AE pH TF[Br:]1/[Cl; 13t Chlortoluron 4
330 A

Fig.4 Effect of [Br:]/[Cl:] on Chlortoluron

chlorination at different pH values
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ko dEAR KT pH B 7 BFHE M, X BB T 7R R 1 ks 8 [HOBr ],[ Chlorotoluron ] )
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RFER :
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B AR 2R I B SOREAN T

Chlortoluron+HOCl—=products  k; (2
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L DL B vl L HE R R TR B AR AR
Chlortoluron &k 5 B 4 2 H BT BEATHE R A (1)
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(D ~AOH a1 H[HOBr | 5[ BF 1A 4 tsa 4
[HOCL] & [HOCL & 43 .

HUEG B A MATLAB ik 2 THRAG &
M BRECR AL TR (D~ QO WE M T EA, /L
33 ks, QIFR 2 PR,
& 2 HOBr 5 Ametryn 1 Chlortoluron B 5 5z i3 Z 54§

Tab.2 Specific rate constants for the reaction of
Ametryn and Chlortoluron with HOBr

ks/ .
Py 3
wam ok R ks
Chlortoluron (1. 9540, 44)X10° A3
Ametryn 4.1 3.3X107 SCAER19,23]

MR2ALUER, XN FTAHBRE FAEND
Chlortoluron &L R W T =, H ks R (1. 95+
0.44)X10° mol « L™ « h™', LI K T kz» ks (ky =
(3.11£0.39)X10° mol » L' ! « h !,k =(3. 06+
0.47)X10° mol « L™ « h™HF) X tu il #e T A IR E
FAETE B E AL 5 R ] S R AR AR X —
AT LA IR I APTE A ] T K87k & 5 Chlortoluron
M EBR (B TR B F AW W i 2 28— 2R AR
B =0 0 A2 B T BE 2 e Ab 3 K B v E TR .
XERARE =Y EA L EEBR =Y E R
P Chlortoluron B ks B 1L/NTF Ametryn [
ks fH,3X i Ametryn 5 HOBr #5207 i ML 5 T

Chlortoluron.
3 it

(DY pH 4 %H 6,7,10, [ Chlortoluron ], =
9.4 pmol « L7',[Cl, J,=188. 0 pmol « L™" &}, i
e B IR B F » Chlortoluron FREMEATISRAT A1l
)

()4 pH 4 %% 6,7 I, Chlortoluron B F& R
AR TRBS M RS T RS K, B RR PR R4
T Chlortoluron ) [ fff 2 A< B AR, 3 AT BB S B 14
Z ™ HOBr A A X. 24 pH & 10 B, AMINR 25
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FUREEMAEALXT Chlortoluron W SRR R LKA B
F, X e F ClO™ 5 Br AR E AR N,
AT A A i HOBr 38 5.

OARMEXS R BIAR R B 1245007 SR8 T A
LI s AR pH BB N B 72 B ko
5[ Br, 1/[Cl, JIZ MR R , HE 138 SR % B
e E 1R HOBr 5 Chlortoluron B 52 )W H 2R a4
B ks Ry(1. 9540, 44)X10° mol » L' « ™!,

WREFHEFEA A TKH NDMA [k
Chlortoluron B 2Bk , (B FIBF X428 H AR
FRIYEAE REERAE TR =Y 0 A& L.
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