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Modeling of Inactivation Kinetics of E. coli with Free Chlorine and

Monochloramine
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Design and Research Institute, Beijing 100053, China)

Abstract: The inactivation of Escherichia coli with free chlorine and monochloramine was studied using bench-scale experiments in
0.03mol/L phosphate buffered saline with pH 7.0 and at 20C . Inactivation data were fitted to Chick’s law, Chick-Watson, Hom,
Rational, Hom-Power law, Selleck model. A three-parameter Rational model incorporating a first-order disappearance term for free
chlorine residual was found to best describe the observed inactivation of E. coli, and for monochloramine the two-parameter Selleck

model was the best fit model.
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1 HEFZE

1.1 HERN

F 5 ok A R AW & & (HOC
OCl YM—F|E(NH,C) . Kb HERAKE®R
IR (>5% )ECH, R N,N-ZZ 2x 5% -5
BRI Bk £ (DPD) M e Kk E. — SR K E
MR BARBREBEBRER CLN=4: 1 LB, &

pH=9 B&H T, kKB (1C)BEH K 10min B H.
F# K H DPD % X4 #l @ H P a4 &
1.2 #HEY

X FEHANERBEYRKBE. KB
WSRO KRS & MM E LR KB TE T
BRABHPRIESR 24h37C) , HIBAEBRE, BB E
4 000r/min B> 10min, RYLIE T X BT K PBS &
MBL(0.03mol /L), il B T5 Ye /K B, KT ol 3k
#4107 ~ 108 /10mL. X G B B9 W R F se i vk .
1.3 ABFE

E—ERET, AT BRKERMARRE
BRI ER , /AR A E G, B 10mL #&, A
100pL X3 S F3 (0.01mol/L ¥ Na,S,0,) & 1k,
BEMEDRN .
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BEMNMNVE-NTLR . BESREABNHEEFN 2.2 HEHNEERYBE
W SatRBIB L RHFTEE, TR AW AH B 2.2.1 HEISNEEUHER

BERHEEN—gFERER,
¢ = (cog — D)exp(— k't)
Ko, HEHE], min; c ¢ BFZIEERIKRE , mg/L;
co HE BB MWEE , mg/L; D X HH Bt
HFEME , mg/L; 2" AHEN K BEBEH , min .
FIRABR/N_FBIPERSE D M e HWRER

A1E.
1 HEAXRE E.coli NNXBED S M HiHEY
Table 1 Immediate demand and decay constants fitted to
experimental data
KR — £ in & ?ﬁﬁ?ﬂ]%_i D ] k ]
¥ /mg:L™' /mg'L™! /mg-L! /min""
9 WHE2 3.4 0.02 1.574282 0.003 323
6 WHE 2.23 0.41  1.499942  0.005 516
10 HHK 1.13 1.255 1.022 545 0.015 717
HHE  0.52 0 0.446 515 0.020 273
WHEE  0.32 0 0.283 258  0.020 273
5 —®mEE  2.95 2.75  0.079899  0.000 387
5 —EK 1.93 1.84 0.039810 0.000 231
10 —¥®EK  0.985 0.94  0.022779  0.000 231
8 —®EEK 0.28 0.26  0.000 549  0.000 158

1) pH7.0,:=20T , & # M A} ] 120min

R2FIBTEARRESBHFNERBERLT &
HEDIFEE RECBYHEERA T ECHT
REWBIF, BE4 0 ik HERFE IR Chick
&, Chick-Watson & .

Chick E & —%& R Pi K R EMEY M KTEE
# ; Chick-Watson B & B Watson F FH Chick B9 ¥
%f Chick BRI FT B, BB - N EHBEHFENKE
M Z R (HR Chick-Watson # 8 R RE 4
RIRE — RN NG,

HomZEMBEE K IEXRAEE L& R, &
BAEEHEARELZEMEMLR, TR MY
Chick-Watson #l — R EE ERH#FTTELRBRE, K
B8 Hom A, & 1 B Integral Hom Model.
Incomplete gamma Hom Model. The efficiency factor
Hom Model . The c,,, Hom Model #8 &% [& 7§ #7 —
FERBE R Hom BRI A FE .

Rational & # (Power Law) £ — /@ A 5 &
B HEAKX, B # Majumdar EN A FHAR
FXRERRE, XMER SRR A ER AR A
.27 —THAER N,.

£2 ERHBHA-RNAML TN B LMY

Table 2 Summary of kinetic inactivation models with first-order decay

BB K BR HHh¥BH
L N _  klcee—-D) _ Y
Chick’s law lgNo— (1Y% [1-exp(—%t)] k
Chick-Watson Model g = - k(- D) (1- e k
No {10y ° o
N _ ofKm) (m-1)
Hom Model In N =T km(c; — D) R t dt k, n, m
o
13
_ _ n —k'tn m-1
Integral Hom Model . N km (2o = D) g(e )il A, k,n, m
€Ny In(10)
Incomplete gamma Hom Model N —km(ce~D)"
I8 5= ——rm Y (m, nk't), ‘1=
(L g H) g No (k)™ 1n(10) y(m,nk't) m>0,nk’'t =0 k,n, m
. N _ ~k{cg=D)m™ —exp(— nk't/ m
The efficiency Factor Hom Model 1gN_o=——lilo(T7v 7= [1 E)((n(k't/n:lt) m)] k, n, m
N —k{cg)"t™ . 1 — D) +]
The ¢, Hom Model lg = e cmzamllog[w}:(%—mm k,n, m
Rational Model(Power Law) lgﬁ= -1 lg[1+(x—1)i(c ~ D) (1-e *")(Ny)=!
No (z-D EnC0 o kom,z
Hom-Power law Model n
N -1 km(co~ D)
lg = = —— [ )2 ife & g z-1
(HPL) gNo I_llg 1+(x-1) )™ y(m,nk’t )(Ng) :, kyn,m,x
N (co~ D) .

1) co: WA ME (mg/L); D: WHABESHHEM (mg/L); &' MEMN—SFERE B (min~); ¢: BHE] (min); N FERTA] ¢ B B804 B e

B No: WIMEWKE: b, n, m, x: HEBH; v: FR% y &N
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Anotail ¥ Hom #E %) # Rational #RIZ5-& 4
Hom-Power Law # %, R 52 i ERHE L,
BEEERERMER, BT UM B R RA
Chick H %, 2 45¥% z.n.m BH 1,7 53518
{34 Hom HL %!  Rational # &) . Chick-Watson .
5 Hom #0 Rational BRI M I, EhiFRE@BRUELF
BB ALER BR 4 NSENE N FEREMN
HHEXAERENSEETHELSRERIBE.

Selleck!®1%5 A % Al Selleck 45 %I 44 3R 77 15 i 2%
FRAEAEMTROXKBEEZNERL, ¥HTHA
BARPHELER.» M HASERAGARME R
XN,

2.2.2 WEEAHSHNEERUE

FASKABTYUEM D e E,FHELXHE
EH 7 et BT A R R A K S BB AT LA, R 3
HEBRBEPHESE WEREAKBERBHENHS
BRSHMER IR,

M# 3 8] LLFE 4, SER (standard deviation of
residuals from regression) {8 &/, BRIl & 15 & A4T.
#I& R & B SER A B /¥ #E 51 9 : Chick, Chick-
Watson, c,,, Hom, Selleck, Efficiency factor Hom,
Incomplete gamma Hom (1. g. H), Integral Hom,

Rational model. H: 7 Rational AR & 1H M BiE.
Chick-Watson BRI R B DL 3B K g #F o8 7275 il

23 BRMEEE E.coli BRMBS MY

Table 3 Summary of parameter estimates for different inactivation models describing E. coli inactivation by free chlorine

BhESE R

me +95% Ri5 +95% RS +95% K1 +95% Ri5 SER
KA, " K, i K, m i K,z n®

Chick 0.102 990  0.051 149 2.322513 40
0.154 831

Chick-Watson ~ 0.120267  0.064 649 0.363 549 0.154 890 2.158030 40
0.175 885 0.572 208

Integral Hom  52.046 209 -238.031 229 0.336 714 0.253 097 0.019 156 ~-0.091 522 0.777 180 40

342.123 647 0.420 331 0.129 833

Incomplete gamma 6.159 897  5.067 948 0.337 398 0.252 673 0.129350  0.072 128 0.790 053 40

Hom(I. g. H) 7.251 845 0.422 123 0.186 572

Efficiency factor 6.143 957  5.037 432 0.324 351 0.239 388 0.140 183  0.081 824 0.798 701 40

Hom 7.250 483 0.409 314 0.198 543

€ g Hom 6.180 704  4.805032 0.335936 0.224240 0.133 787  0.060 414 1.001 182 40
7.574 376 0.447 632 0.207 160

Rational 0.000 072 —0.000 177 2.005 309 1.248 898 2.065212 1.667 085 0.670 488 40
0.000 320 2.761 719 2.463 339

Hom-Power law

Selleck 0.029987 —0.012298 1.435606 1.002 124 0.918 084 40
0.072 272 1.869 089

1) pH7.0,¢=20T ,SER M E H&EMiFEME

ZMWERAR. E 2 M SEWEE P, Selleck 5
Chick-Watson R M b, I G B E B R KT
(SERE/N). 3 F3NMSHMERE, Hd ¢, Hom
BRI F 2 NS Selleck MR, R ERME
il B A REF AL S HER, BRIETHI
BRIV R BB ERE.

Efficiency factor Integral Hom #0
Incomplete gamma Hom(I.g. H) B B R K 2 &
PR Selleck MARFERMRE, BLHRENE
HuX ¥ ; T Rational EEMBABREENRERST. 4
NS K Hom-Power law R, il FA g S &t S
B 1k (overparametrization)'®) , B i, R — & BB 2K 18 it

Hom,

FHBESE . T, EXEER S R EEGHE
BIF R R Rational BLRY.
B1METERMBEKREN 2.23mg/L, £ —
ZEBEFEHR 0.0055min "', pH7.0, B B 20T B,
ARBER BB EEKE E. coli MEBMWMLE.
Chick & 51 & 8 B ¥4 & Hom KA,
WK 15 A8 R % . Chick-Watson B & #E 95min 1)
Eﬁﬁﬂ%%ﬁ%ﬁ%.ﬂ%ﬁﬁﬁﬁ% Rational B
RS RTHERAL.
2.2.3 REHEBHHEEMBS
BFERRXKEXRBTANBSERSEMA T INE 4
Fris.
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Table 4 Summary of parameter estimates for different inactivation models describing E. coli inactivation by monochloramine

HA¥EBEK i
B +95% Bf5 +95% RIS +95% BIF £95%&fE  SER
¢ KF, b " KH,n R, m R,z KR
Chick 0.076 398  0.050 797 1.478 966 23
0.101 998
Chick-Watson 0.101 247 0.076 359 0.197 943 -0.152 976 1.147926 23
0.126135 0.548 862
Integral Hom 1.355460 0.741 389 0.331083 0.173 988 0.423 318 0.314 672 0.489 699 23
1.969 530 0.488 178 0.531 963
Incomplete gamma Hom 1.307 829 0.755705 0.330 611  0.173 158 0.429 531 0.325 608 0.491 010 23
(I.g. H) 1.859 953 0.488 065 0.533 454
Efficiency factor Hom 1.306 485 0.755976 0.331 101  0.173 645 0.430 066 0.326 424 0.490 618 23
1.856 994 0.488 557 0.533 708
¢ ,vg Hom 1.306 480 0.755980 0.331106 0.173 649 0.430 068 0.326 427 0.490 615 23
1.856 980 0.488 563 0.533 708
Rational 0.008 993 —0.001 900 1.045 545  0.566 521 1.257 367 1.150 043 0.570 189 23
0.019 885 1.524 569 1.364 691
Hom-Power law 1.411 043 —1.151892 0.318 612  0.000 811 0.422 496 0.233 443 0.995 738 0.894 776 0.490 914 23
3.973 979 0.636 413 0.611 549 1.096 699
Selleck 4.604 915 1.699 317 3.070 423  2.287 690 0.398 367 23
7.510 513 3.853 155

1) pH7.0,2=20T ,SER B0 %% £ 05 MW 3=

£k . Chick #8558 & 7 & F 4 89 Hom KR

0 4 -
WA 2,230 —— Chick
;{;oa:g%;g oS 0ssminr! ~ fh:;:lk-wmon W, T 89 K 1% #1H IR . Chick-Watson 1 & £
1 - f;iu;;nom 85min LA J5 HM 89 K 3% 4R 85 . Selleck 41 % 7 43 3
~—  Cqvg Hom
»«z — lstalt:ionkal HATHERSR, RN X 3 28 H Hom KEE
S —— deliec
g Rational # % .4 23 # Hom-Power KB W& &,
2 4 M H® A Hom-Power # & fll Rational HER b L
= REBE Ny, AL5 RIS EAEE.
-4 S = ]
REFHIRE 0.99mg/L —— Chick
-5 L 1 1 L . 0 K — GHWAE 0.000231min! —+ Chick-Watson
0 20 40 60 80 100 120 pH.0,~20T — lgH
t/min — factor Hom
-1 --- ¢yygHom
-~ Rational
H1 WREKE E.coli HTFEELE Ta2r — Hom-Power
Fi . o - s — Selleck
ig.1 Survival curves of E . coli with free chlorine w3k
A 4 AT LUK #i, B8 3% R SER 4 B /¥ HE 51 *T
#7: Chick, Chick-Watson, Rational, Incomplete ST
gamma Hom(1I.g. H) = Efficiency factor Hom = ¢, 5 20 4'0 %0 8'0 “‘)O 20
Hom = Hom-Power law = Integral Hom, Selleck t/min
model. H#E SER HHLBE R ,4 S5 M 3 SHHER
\ M2 —WMBEKE E.coli WEFFHE
gﬁz\‘ ﬁu 2 %ﬁﬁgﬂ Selleck B‘JM%EQE ’ ﬁﬂtﬁz Fig.2 Survival curves of E. coli with monochloramine
RSP, WREUSERFHERR Selleck
iV
3 &

E2H%THEEEMBHEEN 0.99mg/L, &
e —RFEWEFE N 0.000 231min "', pH=7.0, 8 F
20C B, AR B A9 — EREKIE E. coli HIETE

A CHE T B AR R B R, R A B g X SR SRR
KEKBITEBENRS, B HE : Rational EE R
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REEEKERBFES N EROBAEBR. Selleck
BRR#HR-FERERGTES N ERREH
B BHAEZHEBELIBASBRLEE, A —ER
HA N ELBROBERE EXRESMAD, X
FA R BT 2 57 B R A A 5] B 3h A7 2 4 Y s A7
P EKAKEFEBEOT P REFTFENRR, EEE
ELRCE- Pkl SIDORE: 3 E S TR o 4
PR ERERNERRE.
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