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Influencing Factors of Bacterial Activity in Water Distribution Networks

WANG Xiao-dan'?,ZHAO Xin-hua'

(1. School of Environmental Science and Engineering, Tianjin University , Tianjin 300072, China; 2. CECEP Consulting Co. , Ltd. ,
Beijing 100082, China)

Abstract: In order to study the variation patterns of bacterial activity in water distributed networks, this paper studied a simulated
water distribution network in a northern China city. Microscopic examination and bacterial counts were conducted on acridine orange-
stained bacteria using fluorenscence microscopy to ensure precise quantitative analysis. The ratio of viable bacterial count to total
bacterial count was used to characterize the overall bacterial activity in the drinking water distribution network,as well as to study the
impacts imposed by various factors. As indicated, this method was proved to be rapid, reliable and repeatable in bacterial counts.
Populations of viable bacteria and total bacteria in water samples were 10°-10* cells-mL~" and 10*-10° cells-mL ™", respectively.
There was a positive correlation between the bacterial activity and water temperature, turbidity, and flow velocity. There was also a
negative correlation between bacterial activity and residual chlorine after the operation stabilized. The capacity of different forms of
bacteria in the simulated water distribution networks with tolerance of sodium hypochlorite was in the following order: long-rod-shaped,
spherical-shaped, short-rod-shaped, and curved-shaped. The reactivation and reproduction capability of rod-shaped bacteria was
stronger. There were more short-rod-shaped bacteria in summer water samples than in winter.

Key words : water distribution networks; acridine orange; fluorescence microscopy; bacterial count; bacterial activity
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Fig. 1 Schematic diagram of simulative water distribution network

1.2 U525
MRS AR, 4 HACH46 700-001 U2

F-ARFAL; HACH-DPD F i A S0 2 2457, HACH-
DPD SR A E 24577). 3. HACH2100AN HY it i
3. P SBCRNE AL Olympus-BXS51 A%
SRR, R BERE (acridine orange ) YL a5k

Y WE AR 2 H AR A XS A DO GG e ). B
REAZ 1 AL, 5 240 M A% N B9 DNA R4 i 53 74 1Y)
RNA 254 FFTEE R 436 ~ 490 nm WY& G
KEEMIE. B5 DNA 454 0] & 5 H i st (o al;
GO0, 5 RNA 256 7] & g 6 R 206550
R DNA ZESA TE P AN N, Y Rt g 5 L4
AN LYo, BRI T A SR T A B B AL
1.3 lErik

AP REOTHIOR FH Y BE R g B R BOE
(acridine orange direct counts, AODC). 7K#EH JCH
S 11 3 B R 42 i T o A S [, W e
H2%. ¥ 0.5 mL &3 K 0.2% Ry BERS ( BBL 2
H) O 10 mL [E5E f5 /KRR G4 1 ~ 2 min.
Y taJ5 7K R 50 0 2ok D8 2% DAL DB B (L
1£0.2 wm, HAE 47 mm, B0 R AR, Millipore
o)) b K ug e IR T R FIF R,
P& S AT L, T Uk SR B R (96 Y
WK, AEECIR R R AT, R OGIEE F 450 ~ 490
nm , GRS ESE A 510 nm, FHEY 3EOE A 520 nm.
BEAILIZEEL 10 A PLEF 1) 3150l SO S (8, AR 40 1L
TR AT TR A LU AR AR B AR BUK R T i 4
g6

T B O BOR O BB T BOE T (direct
viable counts, DVC-N. A). [a] 10 mL 7K A&7 A B
LN 0. 002% MY ZEWE TR (nalidixic acid, N. A,
BBI /A Al ) AR S0 0. 025% M BEREE ( i
THAY TRAF),25C hEEFE 6 h J5 H H 1 [H
FE. PRI 2 J5 B KRR HZ IR AODC ¥ H AR S A T
B, AR rp R R B AR BRI Ry ST T

2 HFREHMW

2.1 HPETHERES SR A

INGG 73R 5045 X UK S BURE | Bl 25 4% SN T
IR A KA, IF N B 4 KRR, 4300 4
R, A K5 FRIEPH3 HEORN Y w48 e 0 B PR A A
[F 7 X KR T A B A T3 8. R K RS RS
HIY 6 1y, BRI HEO T 2 06 B 4K B4 T I 5E 3
WO RS . RPN 4 dHoKEER
R A THEEE R IR 1. T R A 1R FR 5L
M vt ok A5 B0 KRR i 0 R ECE 100 ~ 107



624 2N 5%

B 38 %

cfu-mL ™" TV BERE Yl (0,5 ' 1 S BE 1 e R AR
AR KEE A BTG B EUE 107 ~ 10% cells-mL ™" | Fofifi
FH R,A VRN B SR B BOH Bk s i 1 ~3 A4
9 Ul E TR, AR EOE AN AR % 1T
BOF AN i RIS TR IASE T A0 B S 2K
FEH ) 40 B A EUTE 10 ~ 107 cellsemL ™. 25 A9

AR AT T 11T, I 5B s TS5 X L.
7R [ HPC-R, A 15 THEEE SR 7E 10° ~10% cfu-mL ™",
o B GCEAIR, EE A A KRR . AT
Bsh B AR A AE 10° ~ 107 cells-mL ™. H %%
R BB A% B0 M XL 2% B 41 R T2 25, A B T B 4
RIS (WA 2).

F1 RABEFEMAO LEERZAEITHERER

Table 1  Results of R, A plate counts compared with AO direct counts

Th AL Y R
KRGS KFEREBUKER R, A A b #75 AO YL igikiik (AO P giteik)
/cfu-mL ™! /cells-mL ™! /cells-mL ™!
1 WIEING, A3 0.85 mg-L~' |1 =15C 108 22 680 150 005
2 AHE0.5 mg-L~" 1=16.8C 80 19 549 102 258
3 A%0.3 mg- L™ 1=17.5C 50 15518 130 508
4 A5 0.0 mg L1, =19C 130 32229 159 156

10 pamm

| S——

2 AEESHE
Fig. 2 Different forms of bacteria
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Table 2 Proportions of different forms of bacteria at different moments of water circulation

A T B cells »mL ™!

B SE Tk Bl %

BRIE A AP KFFIE ||
BATHILARIF (0 min) 22 680 38.6 29.8 21.1 10.5
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Fig. 6 Viable brevibacterium in cultured summer water sample
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