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Kinetics of Monochloramine Decay in Disinfection of Drinking Water

LIU Shae-gang, ZHU Zhiliang, HAN Chang, QIU Yanr-ling, ZHAO Jian-fu
( State Key Laboratory of Polluion Control and Resource Reuse, Tongji Universiy, Shanghai 200092, China)

Abstract: The model of second order reaction kinetics has been used to fit the monochloramine decay in water samples by nonlinear imiation.
Several factors were nvestigated, including pH, temperature, carbonate, bromide, iodide concentrations and natural organic matters in this
system. The resuls showed that pH value was an impoitant factor on the monochloramine decay rate, especially when pH was below 7. 0.
Temperature and carbonate levels also had obvious effect on the monochloramine decay. Ce-existence of bromide anions had different mpact
under diferent pH values. At pH 6 60, monochloramine decay rate tended to decrease dramatically with the increment of bromide levels.
However, when pH was above 7. 60, 0 1 mgL of bromide hardly affected the decay rate of mononchloramine. Ce- existence of iodide showed
stronger effect on the dedine rate of monochloramine than that of bromide. It was demonstrated that the second order kinetic model could fit
well the experimental results of monochloramine decay reaction under the conditions of bromide or iodide ce-existence. The results of this study
will be of benefit to the theory and technology of drink ing water disinfection, especially for the reduction of DBPs and the contol of disinfectant
dosages in the area of coasland and estuary.
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1
Table 1 Kietic parameters of monochloramine decay under different conditions
b Eapd It (mole h) = ! M u R?
1 pH= 6.55 250 0 736 5.34% 1073 0.883
2 pH= 7.60 150 0 383 0.019 0.972
3 pH= 8.30 64 0 842 5.0x 1073 0.922
4 T= 4C 70 0 184 0.014 0.718
5 T=25TC 340 0 301 0.011 0.972
6 T=3T 6 59x 10° 0 27 0.008 0.972
7 or,co,= 1 mmof L 350 0 420 0.010 0.988
8 o, co, = 4 mmof L 580 0 382 0.019 0.955
9 er, co,= 10 mmol/ L L 34x 107 0 401 0.043 0.979
10 Br =0.1mgL 152 0 852 1.5x 1073 0.967
11 Br =0.5mgL, pH= 6.55 1 93x 10 0 %4 1.8x 107 * 0.989
2 Br =1 mgL, pH=6.55 18 4x 10° 1 890 - 6.36x 1073 0.989
13 Br =2mgL, pH= 6 55 23% 103 0 99 8.33x 1077 0.957
14 Br =0.1mgL,pH= 6.55 160 0 99 1.977x 10~ ¢ 0.971
15 Br =0.5mg L, pH= 7.60 536 0 522 0.014 0. 960
16 Br = 1 mgL, pH= 7. €0 2 6% 10° 0 %56 1.4x 1073 0.967
17 Br =2 mgL, pH= 7 @ 7.2x 103 1 101 -9.1x 103 0.979
18 IF=002mgL, pH= 7 &0 22 4% 10° 1017 - 5.89x 1073 0.945
19 I"=01mgL, pH= 7.60 55% 10° L 023 - 9.81x 1073 0.908
20 I"= 1mg L, pH= 7.60 2 95x 10¢ 0 633 0.014 0. 895
21 TOC= 3 5 mg L,pH= 6.60 25 0 703 6.27% 10°3 0.963
2 TOC= 5 0 mg L,pH= 7. 60 328 0 952 9.32x 10~ 4 0.922
23 TOC= 3 5 mg L,pH= 6.60 172 0 322 0.019 0.783
% TOC= 5 0 mg L,pH= 7. 60 198 0 475 0.011 0.751
1) [NH,CI] = (0 055%0 005) mmo)/ I, CYN= 0. 7 ( )+ en, o, = 4mmol/ I 7 9 ), 1= Q ImoL, T= 25C( 4
6 )
2
0.06 HOCI )
_ 005
- )
“g 0.04 pH= 7. 60, (0.055 0. 005)
g o
3 003 mmol/L, 3 (4 25 357C) ,
% 0.02 s 2
0.01 F , 4~ 35C , .
0 1 1 1 1 1 1 1 1 006
0 20 40 60 8 100 120 140 160 180 = T=4TC & T=35C
t/h A T=25C —— BERIHEIE
0.05
CI’N: 0 7( ), C']'»(;1)3 = 4 mmo]/ L, 1= O 1 In{)yL, T= 25°C T_]
1 pH E
) ) g 0.04
Fig. 1 Effect of pH on monochbramine decay 6
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Fig. 2 Effect. of temperature on monochloramine decay
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Fig.4 Effed of bromide, concentrations on menochloranine decay at pH= 6 6 and pH= 7. 60



9 2547
NHB:(Cl Lt
R , Br(1) R 6 1
teta Br(1) Br. mgL T ,
Gazda ' Br , )
pH He, .
. , I 45~ 65 Hg .
Margerum pH , NH:Cl , T 2.95 x 10’
, Le (mol*h) ', B
, [2 6% 10'L* (mol*h) "']. ,
NHsCl", Br(1). ,
pH  6.55 7.60 2.0 0.06 " Ompl
A Br=10mg/L
mg/L 0.95 0.05 e I'=10mg/L
; _ e B
Q
= 004 |-
4.5 E
[19] 2003 |
: Z
, (0~ 1.0 mg L) 002 L .
0.01 | 1 | | I | | |
’ ’ 0 20 40 60 8 100 120 140 160 180
5 s t/h
HOI, HOI
NOM a1 CYN= 0 7( ). et co,= 4 mmofL,
’ 1= 0.1 mol/ L, pH= 7.60, T= 25C
’ 6 10mgL
, NH3 C1+ I Fig.6  Effect of bromide and iodide with concentration of
2. 38 x 105 Le ( mol® h) - l’ , 1 0 mg L on monochbramie decay
pH ’ ) k(bs 2 95 X
IOSL'(mol’h) -1 4.6 TOC
NOM ( TOC ,3.5 5.0mgL)
0.06 s
m ['=0mg/L AT =0.02mg/L
& I'=01mg/L »I =10mgL ToC ’ pH
0.05 — BRI , TOC , ; NOM
5 ; pH
E 0.04 [ 7 ’ 2 h
S 003 NOM ,
Z ) ,
0.02 > [22,23]
0.01 | | 1 | | | 1 N
0 20 40 60 80 ﬁhloo 120 140 160 180 NOM
N= 0.7( ). = 25C, ¢y o = 4 mmof L. /= 0 1 mo} L. pH= 7.60 10%
5 NOM ,

Fig.5 Effect of iodide wncentrations on monochloranine decay

kv NOM



phenylene dianine in the presence of monochloramine[ J] . Environ Sci
Tedr, 1986, 20(2): 166-170.
Ozekin K, , -Valentine R L,, Vikeslind P J.

Modeling - the

2548 30
-1
k poc , , k s 265 Le(mol*h) 172
-1 . 2
ks Fo - ; Le(mol*h) ™',  Duirk '
1. NOM(DOC= 3.5 mg/L) : : NOM :
pH 660 7.60
0.06 0.06
(a) pH = 6.60 a TOC=0mglL (b) pH = 7.60
0.05 : 4 TOC=3.5mg/L 0.05
& TOC=5.0mg/L
h —_ B - » - -
Ty 0.04 - b 3 0.04 PN .
: : A
£ 003 £ 0031 * .
[9) 3]
= L £ | s TOC=0mg/L
g 002 ‘ Z 002 A TOC=35mgL
¢ ¢ TOC=5.0mg/L
0.01 - * 0.01 - R LAY
0 I I I I | I | I 0 ! ! L ! I ! ! !
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
t/h t/h
C/N=0.7( ), I'=25C, ¢, 0, 4 mmo} L, I= 0.1 mol/L
7 TOC
Fig. 7 Effect of TOC cncentrations on monochloramine decay at pH= 6 60 and pH= 7. 60
decanposition of disinfecting residuals of chloramine[ A]. In: Minear
5 R, Amy G. Water Disinfedion and Natural Organic Matter:
Dol Characterzation and Control[ C]. Washington, DC: ACS Books,
(Dp - pil 199%. 115-125.
»pH el ...
[J]. , 2007, 27(11):176}+1766.
(2) [ 7] APHA, AWWA, WEF. Standard Methods for the Examination of
2
sz 6. 60, Water and Wasetvater[ M]. (18th ed.) Washington, DC: APHA,
AWWA, and WEF, 1992.
pH> 7.60 , 0. 1 mg/LL ) ) o
[ 8] Jafvet CT, Valentin RT. Reaction scheme for the chlorination of
’ ammoniacal water[ J]. Environ Sci Techmol, 1992, 26( 3) : 577 585.
B B [ 9] Snoeyink V L, Jenkins D. Water Chemistry[M].New York: Wiley,
1980.
(3) [10] Momis J C, Isaac R A. A critical review of kinetic and
thermodynanic congtants for the aqueous chlorne-ammonia systan. In
’ Water Chlorination: Envionmental Impad and Health Effects[ M].
Ann Arbor, MI: Ann Arbor Science, 1983.
[11] TrofeT W, Inman Jr GW, Johnson J D. Kinetics of monochbramine
decanposition in the presence of bromide[ J]. Environ Sci Technol,
[ 1] U.S.Environmmtal Protection Agency. Final rule of disinfectants and 1980, 14(5) : 544-549.
disinfection by products[J]. Fed Reg, 1998, 63: 69399-69476. [12] Valentine R L, Jafveiit C L. General Acid Catalysis of
[ 2] Clak RM. Chlorine demand and TTHM formation kinetics: a second Monochloramine Disproportionatlon [ J]. Environ Sci Technol, 1988,
order model[ J|. Jownal of Environmental Engineering, 1998, 1: 16 22( 6) : 691 696.
24. [13] TrofeT W, Inman Jr GW, Johnson J D. Kinetics of monochbramine
[ 3] Clak R M, Sivaganesan M. Predicting chlorine residuals in drinking decanposition in the presence of bromide[ J]. Environ Sci Technol,
water: Second order model[ J]. Joumal of Water Resources Planning 1980, 14( 5) : 44-549.
and Management, 2002,128 152 161. [14]  Valentine R L, Selleck R E. Effect of bromide and nitrite on the
[ 4] Valentine R L. Broomochloranine oxidation of N, N-diethyt p- degradation of monochbramine[ A]. In: Jolley R L, Brungs W A,

Cotruvo J A,
Impact and Health Effects [ M].

Science, 19&3.

et a. (eds). Water Chbrnation: Environmental
Ann Arbor, MI: Ann Aibor



9 2549
[15] Pinkemell U, Nowack B, Gallad H, et al. Mdhods for the ammonia[ J]. Environ Sci Techmol, 1998, 32(11): 1680 1685.

photometric determination of reactive bromine and chbrine species [20] Bichsel Y, Gunten V. Oxidation of iodide and hypoiodous acid in the

with ABTS[ J]. Water Res, 2000, 34(18):4343-4350. disinfection of natural waters[ J]. Environ Sci Technol, 1999, 33
[16] Duitk S E, Valentine R L. Bromide Oxidation and Formation of (22): 4040-4045.

Dihaloacetic Acids in Chlbraminated Water[ J]. Environ Sci Technol, [21] Kumar K, DayR A, Margerum D W. Atom+Trander redox kinetics:

2007, 41(20):704%7053. generatacid assisted oxidation of iodide by chloramines and
[17] GazxdaM, Kumar K, Magerum D W. Non-Metal Redox Kinetics: hypochlorite] J]. Inorg Chem, 1986, 25(24) : 4344-4350.

Oxidation of Bromide lon by Nirogen Trichloride [ J]. Inorg [2] Durk S E, Gombert B, Croue J P, et al. Modeling monochloramine

Chemisry, 1995, 34(13):3536-3542 loss in the presence of natural organic matter[ J]. Water Res, 2005,
[18] Margerum D W, Gray Jr ET, Huffman R P. Chlorination and the 39(14): 3418 3431.

formation of N chloro compounds in water treatment [ A]. In: [23] DurkS E, Valentme R L. Modeling dichbracetic acid formation

Brinckman F E, Bellama J M. Organometals and Organometalloids: form the reaction of monochbramine with natural organic matter[ J ] .

Occurrence and Fate in the Environment [ M]. Washington, DC: Water Res, 2006, 40(14) :266F2674.

ACS Books, 1978. 278 291. [24] Duirk S E, Gombert B, Croue J P, @ al. Monochloramine loss in the
[19] Nathalie K V I, Vesellh J, Dore M, et al. Chlorination and presence of natural organic matter [J]. J Environ Monit, 2002, 4

formation of organe-iodinated compounds: the important rle of

(1): 8589,



