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Interaction effects between biofilm and chlorine decay in water distribution network
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(1.State Key Laboratory of Urban Water Resource and Environment ,School of Municipal and Environmental Engineering, Harbin
Institute of Technology, Harbin 150090, China; 2.School of Biological Engineering, Beijing Polytechnic, Beijing 100176, China)

Abstract: In order to know the interaction effects between biofilm and chlorine decay, influences of chlorine
residual on biofilm formation and chlorine decay rules under the existence of biofilm were investigated through static
and dynamic simulation in simulated pipelines. Three kinds of pipe materials ( cast iron, PE, stainless steel) and 3
chlorine dosage (1, 3, 4 mg/L) were chosen. Results show that chlorine decay and biofilm development
interacted, and the specific results are as follows. With the increase of chlorine, biomass decreases in PE and
stainless steel, while increases in cast iron; with the existence of biofilm, chlorine decay could be divided into two
parts: fast decay (0—30 min) and stable decay (after 30 min). Cast iron influences chlorine decay seriously,
followed by PE, and the effects of stainless steel is minimum. Influence of biological diversity on chlorine decay is
not obvious, while biomass is closely related with chlorine decay. Velocity and chlorine dosage influenced chlorine
decay evidently. This research could support disinfection, chlorine decay modeling and water quality security in
water distribution network.
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Tab.1 Water quality of experimental water
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Tab.2  Pipe material and chlorine dosage in each equipment

PE &%%/ A HKE &%%/ (=27)
(mg- L") (mg- L)
1 0 PE 7 3 AN
2 1 PE 8 4 Nt
3 3 PE 9 0 BRER
4 4 PE 10 1 R
5 0 TEE 11 3 BRI
6 1 N 12 4 BRI
1.2.1 AR T 7K HPC &

KR FERAEARTHEGE (HPC) , BAP BRI
D) AR AR R LR B rh ) — BeSt I B
FHK B KB 7K PP e i A A To i 722 17K )
FURCHR B L TR R a8 1, DRI
80 W 7% 2 min, [A]BK 2 min, WL EE 5 K ;2) BES,
T T R A L g AR A T 1) T 2 1) o i Uk

JE 5 3) B A FR RS 0.5 mL 2P B EAR LT
BRI IR R K AR 4 50 vk T3 5 L3R, JF
B OBEEAPAR, B RBEE 3 AN TATHRE 4) B R
T 25 ClEBEIE SR 5~7 d;5) L AR E S H R
JE Ji R B T BCE AT B, BRI T SRR TR R R T
H.
1.2.2 #F A A B 2 i

RS PR B M pH EEE'J@E TOC BBk
TS FR E 452 [ S b v il s, A S D 2 T ik
KH DPD(N,N-H5E-1,4-"Jkf) thtaik.

2 R 536

2.1 HABEMAREITEYEE KON

S B EATIBAT LY 60 d, A RE PN A g i
AYECARGE, T 10 AR 12 J X453 8 B I
WE 12 K218 °C,10 H/KIRZ) 26 C &l 3 4
HR1~4 45 (PE) 5~8 5 (NEFEW) f1 9-12 % (%
Bk ) 2 A RE A W R Yy B A ST o R R Y AR A
FTLUE Y PE AN 5608 b N 457 BE A ) FEE 240 0
B X BB S BIAE 3.8~5.3.1.1~4.6 4.5~6.4 P,
B4 55 %5 3 43 9 R 6.0x10° ~ 1.81x 10° 13 ~ 4.01x
10* 3.4x10* ~2.78%10° cell/cm?.

& 3(a) . (b) WA, PE FIAREEANE I, b5 4



5 8 1]

Bl P 4 (AR IR P 0 5 A R 5 T s

SRR E T, AR YR B R AL, A R A
KFRZ A PE BN, 10 A6 12 A3 A& &R
03020 0.82 F 0.7 ANFEHE P, 10 H 3 F1 12 A
AR SE 28003 3R 0.85 1 0.82, A it 52 Ay Ui
IR SR AT AN REA S, A
R AR A K AHAE PE &b RSB
Bk 0 il 4 mg/L 9256 B PN 40 1R 9% BE 90 3l 35 /N, A
FHZE 10 £5%, A S5 39 48 P 14 28 0 i B 3 K, A 25
1 00015 LA L.

551

|
W

—BRA
— 712 A a  da~
Es50f L_110A o
4.5 =
2 128
" &
54.0 %—‘ 11 =
35 : : ‘ 0
1# 2 3# i
KT
(a) PESEHS
5r 15
o )12 1
T Al L JioA - 4T
3t =
= 2&
2t {1 £
il | S
| VMA—‘ 0
8#
FETY
(b) NEEWE
w12 IR
_64r [ 110A
‘E [ —— é‘):% 14 o
S 6.0F -
S sef S
=L =
@52} ’ iﬁ%
e <
T sk 11 <
440 : ' 0
o# 104 11# 12#
T
(o) KA AF

E3 2EREBRESEEEMEEYBNER
Fig.3 Relation between chlorine concentration and biofilm biomass
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Fig.4 Chlorine decay with the existence of biofilm
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Fig.5 Chlorine decay with the existence of biofilm developed in

different pipe materials
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Tab.3 Biofilm biomass and chlorine decay coefficient in

different pipe materials
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log(CFU - em™2)
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N 2.93 0.16 4.8E-4
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2) A REE R . AF ST 0, B I R A
SR o Ve B AR ) RS 22 R R A TR 2 R e 4R
KU PRI 7E 1.3 14 me/L A S TR VR R B
FRAE VIR AR &, B8R 2R AR
TR AR RS E ST, B 1 mg/L B SR, AR
FSrm 20 K M 0.6 m/s, IRE 15 °C, I mF i

RAETEIE BN 4 PR,

121

—a—1 mg/LL
_1.04 —e—3 mg/LL
2 'll\\t —a—4 mg/L.
&
£

0 60 120 180 240 300 360 420 480
t/min

El6 E£WBEIERATRETREME (HHK)

Fig.6  Chlorine decay with the existence of biofilm developed in
different chlorine concentration ( cast iron)
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Tab.4  Biofilm biomass and chlorine decay coefficient with the
existence of biofilm developed in different chlorine
concentration ( cast iron)

A ek R o
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1 5.54 0.24 1.5E-3

3 6.29 0.21 1.2E-3

4 6.44 0.07 1.2E-3
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Tab.5  Biofilm biomass and chlorine decay coefficient with the

existence of biofilm developed in different chlorine
concentration ( PE, stainless steel )
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Fig.7 Chlorine decay with the existence of biofilm developed in

different chlorine concentration
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Fig.10 Influence of chlorine dosage on chlorine decay with the

existence of biofilm
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