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Effect of Ammonia-Oxidizing Bacteria AOB on Chloraminated Disinfection

Attenuation in Drinking Water Distribution System
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Abstract The growth of microbe and formation of biofilm in water distribution system were important factors affecting the security of water
quality. The number of ammonia-oxidizing bacteria AOB in biofilm of a chloraminated drinking water distribution system in Shanghai was
detected by MPN-Griess method and the relations among AOB nitrification and chloraminated disinfection were analyzed. Meanwhile the
effects of AOB on chloraminated disinfection fastness and attenuation by simulation experiment were studied. The result indicated that the
number of ammonia-oxidizing bacteria in pipe biofilm was between 1.0 x 10°-4.3 x 10° MPN/g dry biofilm. Correlation coefficients of AOB with
ammonia nitrite and nitrate were —0.563 0.603 and —0.563. Correlation coefficients of AOB with total chlorine and mono-chloramine were
—0.659 and — 0.571. Fastness of AOB to chloramine was higher than heterotrophic bacteria and AOB can deplete more chloramine than
HPC.

Key words water distribution system biofilm ammonia-oxidizing bacteria nitrification ~chloramination

1.1

AOB

2008-07-14 2008-10-10
50408012
PCRRF0O7004
1969 ~
E-mail xhbai @sjtu. edu. cn



6 91
22 ~ 30°C
1.2 pH 7.19 ~ 8.20
pH 7.0~8.5
pH
1. 0.04 ~
1.83 mg/L 0.02~1.13
% L 3
s14 me
— 1.2 mg/L
° Rk 9
SnRERGS J— /
S4
S 1.0 mg/L 2.0 mg/L
B S16
Svl SVIO SS&SV9 [)I |_
$17
] —
| 1 siT) | i3]
BXRAKIT  S6&S7 55512>| $2&83 60 400
—a— Ig AOB
- 50 —o— THERHE - 350
ol —= A& — 300
1 £ 40 —e— RN A k]
, S - B 250 &
Fig.1 Collection places of biofilm samples 8 i 2
S 30 200 g
=8 &
= 70 31 150 &
1.3 e + 100 &
MPN-Griess ® 1.0 — 50
0 0
12345678 91011121314151617
Y o)
10 5~6 2 AOB
4 . Griess Fig.2  Variation of AOB and various nitrogen in pipe system
1 mL Griess 6.0 2.0
1.8
5.0 16 0
14 &
MPN 0 .
o < @
g 30 10 |
) o 08 ¥
2.0 0.6 *®
—%— 1g AOB—0— 2% 04 B
1O -—m— pE —— 8 02 ]
0 0
SPSS 13.0. 1234567 8 91011121314151617
RS
2
3
2.1 Fig.3  Variation of AOB and disinfectors in water distribution system
AOB 1.0 x 10° ~ 4.3 x 10° MPN/g 2 2.2 “ ”
AOB SPSS
28~10
20C - 0.563



92

0.603 -0.563.
1.00 ~
3.16 mg/L 2.0 mg/L
2
1.14 ~2.55 mg/LL
2.3
3 SPSS
- 0.659 -
0.571.
1.03 x 10° MPN/g
1.83 mg/L
4.26 x 10°MPN/g
0.02 mg/L
2.4
2
AOBI AOB2 Nitrosomonas
sp. 1s32 Nitrosospira sp. REGAU 2
HPC1 HPC2 Paenibacillus
ehimensis  Clostridiaceae bacterium bSSV31
5 200 mL
1 mL
4
1 mL
4 5
2.4.1
4
AOB1  AOB2
HPC1  HPC22 .
1.46 mg/L 0.5h AOBI1
8.52% AOB2 7.94%
2 HPC1  HPC2
1.19% 0.79% . 3h

2.3%

lg BB BE

Fig.4

BE/mgL!

A& /mg L]

—& /mg-L!

2.4.2

30

10

9

8

7

6

5

4

3 —m— AOB2

2 |- —&— HPCI

1k —¢— HPC2

0 | | |

0 0.5 3 24
R )/
4
Change of the bacteria number with the contact time of disinfector

1.0

Lol

0.8
—x\x
0.6 -

04

Fig.5 Change of the concentration of total-Cl free-Cl

and monochloramine with the contact time of disinfector

0.04% .



93

5
3h
1
1.0x 10° ~ 4.3 x 10°MPN/g
2
-0.563
-0.571.

1h

3h

- 0.563 0.603
-0.659

10

Cunliffe D A. Bacterial nitrification in chloraminated water supplies
J . Appl Environ Microbiol 1991 57 3399-3402.

ke N R Wolfe R L. Means E G. Nitrifying bacteria in a
chloraminated drinking water system J . Wat Sci Tech 1988 20
441-444 .

Odell LH Kirmeyer GJ Wilczak A et al. Controlling nitrification
in chloraminated systems J . AWWA 1996 88 86-98.

Regana J M Gregory WH Leond R D et al. Diversity of nitrifying
bacteria in full-scale chloraminated distribution systems J . Water
Research 2003 37 197-205.

Lipponen M T T  Martikainen P J. Occurrence of nitrifiers and
diversity of ammonia-oxidizing bacteria in developing drinking water
biofilms J . Water Research 2004 38 4424-4434.

Wolfe R L Lieu N I Izaguirre G et al. Ammonia-oxidizing
bacteria in a chloraminated distribution system seasonal occurrence
distribution  and disinfection resistance J . Appl Environ
Microbiol 1990 56 451-462.

Hoefel D Monis P T. Culture-independent techniques for rapid
detection of bacteria associated with loss of chloramine residual in a
drinking water system J . Appl Environ Microbiol 2005 71 11
6479-6488 .

Pintar K D M Slawson R M. Effect of temperature and disinfection
strategies on ammonia-oxidizing bacteria in a bench-scale drinking
water distribution system J . Water Research 2003 37 1805-
1817.

Lipponen M T T Suutari M H Martikainen P J. Occurrence of
nitrifying bacteria and nitrification in Finnish drinking water

distribution systems J . Water Research 2002 36 4319-4329.

J. 2006 27 11 2350-2353.





