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Abstract: An in situ study was carried out in order to investigate the problem of biological stability
of tap water caused by water stagnation. Tap water from three types of water supply manner were selected,

i.e. the centralized water supply, secondary water supply and water filter. High-throughput sequencing was
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applied to investigate and compare the changes of microbial community structures in the tap water caused
by water stagnation. The results showed that Pseudomonas was the dominant genus of bacteria community
after stagnation in all the three water supply manners. Meanwhile, some opportunistic pathogens, such as
Parachlamydia, Legionella and Mycobacterium were detected. Among them, tap water of secondary water
supply system showed the lowest species richness and highest biodiversity. Besides, the bacterial
community structure in the tap water of secondary water supply system was different from those in the
other two water supply manners. As for archaea, before stagnation, water from the centralized water supply
system was dominated by Halalkalicoccus. However, water from secondary water supply was dominated by
unclassified genus. And tap water after filter was dominated by Methanomethylovorans. After stagnation,
archaeal community structure changed only in the tap water of the centralized water supply and filter
effluent. And both of them were dominated by methanogens. On the other hand, tap water of the secondary
water supply system was dominated by ammonia-oxidizing archaea. The outcome of this study is bound to
enrich the scientific knowledge of microbial information in the tap water. It will provide the first-hand

information and references for solving the problems of biological safety and assessing the health risk of

%54

drinking water stagnation.
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( 0.64+ | 047+ | 0.60+ | 0.62+ | 0.54+ | 0.59+
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Tab.2 Bacterial diversity in three tap water after

stagnation
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Fig.1 Wayne diagram of OTU distribution of bacteria in
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Fig.2 Bacterial community structure and similarity in tap water after stagnation

TWAL FITWA3 ELAG FHRL ) 20 08 B 7% 4544, X
5Bk | A0 [ 0 T At K48 R D g 51w it
KR, BIRIEK T MEYMEEE AR,

(LR 5 o B R B K v A T R VR A . A
Mo, B AR D8 A5 K B 20 T R S 5
/i NP =R N N e e o U N N T =



www. cnww 1985. com

4 R, E R GHe T R B K R 5 69 A AR M B SR AT 1

%38% F5H

TWA1 T TWA3 e /K PR A 1 & ( Pseudomonas)
i UK (49, 87% F149. 89%) . FETWA2 H1 , BRoA %
FE 2 B9 41 I8 (unclassified ) 21, {5 50 7 & 02 BT
AU R (5 20%) o 85 M T 7E i R
Ja KA R B B 5 £ 5 Lautenschlager 25 )
W ah R —2. A MHRaE KB IR 2 0 5%
PSR , 5 AR ARG A 5> T S fi
JEL BT B Al S B A, R R T AR UM R, SH N
PRB AL AL I A5 RS o TS & )2 A7
TR, IF AT 50 58 S5 B gL PE PR oAb R
I8 1A & (Rhizobium ) W% & IAE = Fh e Sk oK i 5 4%
KA, 02 4 v S HE AR A 8 9T X B e Sk 7K
(G35 16% F124% ) o %2 H A 1y W6 WAl al L
MK ETCAR ) b e B 43 345 21 DR 1He #f By G 32 20k
H KBRS RETIR Y . B T Eak EZAM I,
i B AR K PP A S — S K AR SO T | AR AR
JEAR T & (Parachlamydia) %A % )& ( Legionella) .53
K KT 1 & (Mycobacterium )™ | B SR B AT F B 1
AR R EVE T S BRI T 19 A HAE K P £
e WK B8 A 23 25 TR 7K R — i A e XU
2.3 WERWEEIKPHERESHTH

HETER B R TR AL A Y B A A
Yy — 20, RS G R A BRI RE SR 1 L
HAE— S i IR T R R B, N SRR IR IR AR
SO RAE i B A9 e Sk /K R 3R A AR T Y PCR P24
B3 T PCR ™ (e i B A X ] 245, S Bk g
AR AT A 58 A 00 ) RN A T K e ) T 0 L e
FER G . R AUHE , Roy 557 X S8R S e 1M 27 8
W ep KRR AE W I A T A B, SR AR TR R S
FEAE TR, HOHAF BER 52 R ORISR AL I (1]
FIRZIA o Niu 552000 7K )4 T2 K BB E AL TE S
Tl AR FK R B AR . AT DL AR S
ARSI 21 4 e Sk K rp O T — 5 AT RER AR TUK,
73 —7J7 WA AT RER A T4 2% o 7 b A BE TR A
A= P R B
2.3.1 WHRHE LI AR AL

3 3 Tumina P07 3% Ji 4k o 471 647 5000 Tk
B A5 3 B TS = koK B8 BT 8 Ean 3% 3
JIim o B X BE PR AE 97% B AR K T #E47 5R
oM A AR T T Y OTU $cit . AL OTU
Bt LT LUE AR R K b i o B AR
FEHT . HJE Rl AN B 1Y OTU 47 e &

B, 3k K Hh it TR Y OTU 0 A 3k B s K b 4
B OTU ¥kt .
®3 =ML kFEAREKPEESELE
Tab.3 Archaea diversity in three tap water before
and after stagnation
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Fig.3 Wayne diagram of OTU distribution of archaea in

three tap water before and after stagnation
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Fig.4 Wayne diagram of OTU distribution of archaea in

all the tap water (before and after stagnation)
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Fig.5 Archaeal community structure and similarity in tap water before and after stagnation

i A K 5 HAL P FP AR 7 SR 2
FEAE TR ol K M A AT RN, [N A
I 71 R i R B A S A Ak O X
ML 2 25 Sy AU

X T S AR AT T T8 KPR AL, 5 UK
T i B H LA VG R G Eh s BR B 8 (Halalkalicoccus) A
F2(97%) , eI 15 75 ek 1 W 8 ol TR A7 1T BE S K TR
B —E ' ARG Y P BOK K R0 8
7 Fof 1 2 vy B 0o S AN SRS, DR LA 28 2 BB 25 %
FETIAC I AF TG T K AT 5C2, J — i ml R I 2 1%

JR A REE T ORI T R YR ik
FH/K By 2 3 A 0 T B R AR K P . 228 24 h
i B L A v AR K e Sk K (TWAT) vy B 3 7%
VL 5t 22 1 )& (Methanothrix) 3 3 (73%) o H Joé Ty
Rl — 28 A% DR AL AR ) 354K (4~6 d) B 2R
Y, B AP HEA A, R 1 A K AR 1)
M 24 s B Ok AR AN R DL R A K IR
(<1%) HY H ot 22 T Jm 50 B 0 1) 73% , DR e i B
oK b R e 22 TR b SRk B BE AR WD . AR Y e
T YA A B A8 T R X ) A B DR AR B 4

- 20 -



www. cnww 1985. com

4 R, E R GHe T R B K R 5 69 A AR M B SR AT 1

%38% F5H

I AR 2 2 5 b A7 1) AR G AR I R T B T
i B e R SRR e R U . R TR T A
A e kA R TR A5 TR R
N T 1Y 3 DB A O Sk K T B R TR R T I LA
H bt & B 2 5 )8 (Methanomethylovorans) & &
(97%) , el i 27 F gy T =20k 3 T ug AR iy,
H T B8 1 8 P A FH 8 4 o AR K e 50 0l T
B L H ke A K AT S BRI i 2
Pt oy TR U R e £ T R B R 5 TN AE W I L ]
o, PR AE K Gt A 9 2K e kil VR T T JT 8 1
Kb AR B 24 h DLE g s 008 kKb A 1)
MRS EE T — e, FE UM ZEE
(Methanothrix) B £0K 5 J@ (Methanoculleus ) F1 5
[C B BEBR B (Methanomassiliicoccus) N 3, 43 5] 5 4%
AT B 14 22. 53% .30, 15% Fl 11. 86% . X i+ ik
s e Sk K B RS T AT A R R LT LA
SO % 1 E Y R e e o D W L Sl s J SO
[7) 7 PR o vy o s 7 i P e R b s D) o
b YR A Bk U A S A I B A IR O,
Ty T v T SR Y R E TR i P IR K
ROR, AR KU B R v, A e B F ey
TR S 55 K A B S0 422 ik b O BT A A B TR S
B TE DN B8 5 A 7K b o 34y B R S 8 i
Wz,

TR K i AR R K T 28 E K A
B AR s K Je Sk, HAR A B RS A R R R K
A T IRRARE i BT R Bk e ok ok 2 e R
(unclassified) ('f 87%, M 84 J5 = 2 LUH AL BK B &
(Nitrososphaera) 2} 3 , 5 B A~ B 7% 19 69% , HK
H B B 22 1 JE (Methanothrix) , o5 oy B8 B 7% 1Y) 8%
fii§ fL B 5 & (Nitrososphaera) J&— 2 & Ak &,
AR RUEY R R, AT AE R A BT
AAF B A R RS OBk By & KA
5, TS K e Sk A T TG 4 1K AR K
P45 B B TR, DT 55 |62 35 7Kt PR 22 S A Tl A 0 1) P
58 N AT G A ) A N Rl £ 2 2o v P S R
FIY A AR W B R AR S
T8 K WAL A R ER 7 A S AR T M SRR
TR A R B0, S AR

g5 BTk, Toie sk IR A K Oy =X, T K AR
8 T B AT 51 R K BT DA R B VR A
PR RACS 0200 TR AR 7 E RO K R RS I A TE B A

DAy B R i 5 A 7 i BRI 140 A A8 A i P
Bl e DR — S A EUR R FHAE . I,
JKCHis B IS | A B K A A E A TR 2 4 T
AR e Sk K D e vy (= H e ol iR L S Al
A ) VR SRR AR S R 2L BT
I, FEAR AR AT FE Al AR R A N R S
Fc s B TR VR T X R K R s B A 0 A v 45 F 1Y
SR, QI B ) R R TS A, ik
A RLBEAT RV I, DA T A5 20 S A Wy e v A2 B K i
R AN VSIRE I o8 S i i 2 YR
FHSRBFTE , LU 0 K 22 2 DR B B I AH O S s
3 &#

@ e kK AE B RIS B K BUZ G . i
B 5 A8 B3 T (R M B AR AR vh AUk A —
UK e Sk K bR S 28 T B A
. i B TS TOC 2 B9 2 A A A ) 7K O =AY
Je Sk K RIS — A7 Wb BEHE— 2L RT3 R 22 57
R

@ AT B AR RN K If R
0 ) 20 A v, (ELR BRI B T T B4 ek
IR IS (] 7K B (A8 T 7K 5 78 B A ) 25 A
YERT, Je Sk A K i BB A2 2% R 20 TR s 254
FC AN B T — Ll JU R AR PR B0 B2 N A7
T, W B (9 Sk K AT AE — 5 IR ARG o 1t
b, ZIRBEK A T Sk kA =R R O7 SR K
W A T ) R R R A R AE A W 2 R A e Y
Ao

@ YK A — s B Tl B O L
Ve LR B IS R T AR AR TS
AP e koK S B AN R ol AR T 2 2 1l SR
A A B8 oK H B R A B AR v 32 2 L™
A BE Tl B 0 3, IR D7 3 U e SkoK ik 32 22U
SEEACTTEN L AN R I R S 4
BRI B8 A KBRS . vy B A7 1 LA
L il B HIT I A 7 445 K R P TR A5 Y 22 531 TS 3
] BEE R TR AR B R B KU, 764 it K 2 4 22
KK A LI fE o

5 3 -
[ 1] LAUTENSCHLAGER K, HWANG C, LIU W T, et al.

A microbiology-based multi-parametric approach towards

assessing  biological stability in drinking water

« 21 -



%38% H5H

v E 2 K HE K

www. cnww1985. com

[4]

(7]

[10]

distribution networks [J]. Water Research, 2013, 47
(9): 3015-3025.

WK, EW, FUEE 5. HE T 55K Gt i 7K o )
RN R R T LY ). EE 2K HEDK 2020, 36
(11):46-50,56.

HUANG Shanqin, WANG Pu, WANG Fengqing, et al.
Modification and application of water quality monitoring
points location model based on demand coverage [J].
China Water & Wastewater, 2020, 36(11) :46-50, 56
(in Chinese).

LAUTENSCHLAGER K, BOON N, WANG Y Y, et al.
Overnight stagnation of drinking water in household taps
induces microbial growth and changes in community
composition [J]. Water Research, 2010, 44. 4868-
4877.

ZLATANOVIC L, VAN DER HOEK J P, VREEBURG
J H G. An experimental study on the influence of water
stagnation and temperature change on water quality in a
full-scale domestic drinking water system [J]. Water
Research, 2017, 123 761-772.

PREST E I, HAMMES F, VAN LOOSDRECHT M C
M, et al. Biological stability of drinking water:
controlling factors, methods, and challenges [J].
Frontiers in Microbiology, 2016, 7:45.

F/NKE, FIBA) . AR 25 7K A XA F R KOK B
)] e S ERRZR A, 2002, 19(2) : 127-129.
WU Xiaohui, WANG Xuchu. Effects of different kinds
of water supply pipe material on tap water quality of
residence [ J]. Journal of Environmental Health, 2002,
19(2): 127-129 (in Chinese).

WR&tiz . — A W RHIK 28 K M v e o 1y 3 A
Brla]. I riBEs,2008,30(2) : 229-230.

CHEN Shaoyun. An investigation of an accidental
pollution even of drinking water [J]. Guangxi Medical
Journal, 2008, 30(2): 229-230 (in Chinese).
RISEBRO H L, DORIA M F, ANDERSSON Y, ef al.
Fault tree analysis of the causes of waterborne outbreaks
[J]. Journal of Water Health, 2007, 5(S1): 1-18.
BB ERR  BR AU E AL T T KA R K
AT A 1], AR5, 2006,35(6) :804.

HU Changjun, HU Changbiao, CHEN Yunxi, et al.
Investigation of drinking water stagnation by city
residents [J]. Journal of Hygiene Research, 2006, 35
(6):804(in Chinese).

FEWE, EHE AGWLL,5F . b A R K 1 o
JK ST A R XURS: PP f BE Ak F Y (0], HOR R e,

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

e 2D .

2013,25(1):39-41.

WANG Yajun, WANG Jinxi, YANG Yahong, et al.
Fundamental research of health risk assessment of
drinking water quality for campus life [J]. Journal of
Gansu Science, 2013, 25(1): 39-41(in Chinese).

Lh ), RO AT, 45 . R KA 0 A 5 T 4 TR
ZRPEMTTSELT]. TP E PA R 44K, 2016,26(17)
2482-2486.

MA Xiangsheng, SU Chengjun, HE Xiaofang, et al.

Study on the bacterial diversity in tap water pipe network
habitat [J].
Technology, 2016, 26(17) : 2482-2486 (in Chinese).

BAL KRISHAN K C, SATHASIVAN A, GINIGE M.

Chinese Journal of Health Laboratory

Microbial community changes with decaying chloramine
residuals in a lab-scale system [J]. Water Research,
2013, 47(13) : 4666-4679.

SARKER D, SATHASIVAN A, JOLL C A, et al.
Modelling temperature effects on ammonia-oxidizing
bacterial biostability in chloraminated systems [J].
Science of the Total Environment, 2013, 454/455:
88-98.

JU F, ZHANG T. 16S rRNA gene high-throughput
sequencing data mining of microbial diversity and
[1]. Applied
Biotechnology, 2015, 99(10) :4119-4129.
RAHMATIKA 1, KASUGA I, KURISU F,

Impacts of organic matter migrating from pipe materials

interactions Microbiology ~ and

et al.

on microbial regrowth in drinking water [J]. Journal of
Water and Environment Technology, 2020, 18 (1) :
45-53.

DOUTERELO I, JACKSON M, SOLOMON C, et al.
Microbial analysis of in situ biofilm formation in drinking
water distribution systems: implications for monitoring
Applied
Microbiology and Biotechnology, 2016, 100 (7) : 3301-
3311.

LNy AP NS SOk N SR 8V ¥ T =
IKAE SR ERAF U FF AT FE [T ], v FE PRI
2016,32(6) : 43-49.

LIN Jia, LI Helong, SU Yuping, et al. Study on the

and control of drinking water quality [J].

nutrients and phytoplankton communities of Xiyuan
Reservoir before and after impoundment in winter and
spring [J]. Environmental Monitoring in China, 2016,
32(6):43-49(in Chinese).

ALASERIERR . KT A B AR I E S LT < 1Y
1000—2018 [S]. db5t: EIREEH HE, 2019.



WWWw.

cnww1985. com LS

5 R B Hm TR R K R Sk 69 7 A B R e

%384 H54

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Ministry of Ecology and Environment. Water Quality—
Determination of Total Bacteria—Plate Count Method:
HJ 1000-2018 [S].
Press, 2019(in Chinese).

JBET AL SO AL K AEIAE YA (ML S
R JEC: P E SR Tl A, 2011

GU Xiasheng, HU Hongying, WEN Xianghua, et al.
Water Treatment Biology [M]. 5th ed. Beijing: China
Building Industry Press, 2011(in Chinese).

EDGAR R C. Search and clustering orders of magnitude
faster than BLAST[J]. Bioinformatics, 2010, 26(19) :
2460-2461.

AR, R 0 RO T L C K A I K AR £k Y F 5
(D) ——RAHFES 1A AL BRI FE [T ], o R A
R4, 1999,32(3) :52-56.

LI Xin, SONG Xuefeng, ZHAO Hongbin. Studying of

Beijing: China Environmental

the chlorine decay in water distribution system (1]
Journal of Harbin University of Civil Engineering &
Architecture, 1999, 32(3): 52-56(in Chinese ).

NIU J, KASUGA I, KURISU F, et al. Abundance and
diversity of ammonia-oxidizing archaea and bacteria on
granular activated carbon and their fates during drinking
water purification process[J]. Applied Microbiology and
Biotechnology, 2016, 100:729-742.

WA KT R A FE M BURFEIE AR K )
FARAR AR RS LT]. PR ROk, 2004, 26
(6):36-38.

MENG Xiuhua, LI Yongging, WU Tian. Study on the
microbial changes in the water of tanks with different
material [J]. Southwest Water & Wastewater, 2004, 26
(6):36-38(in Chinese).

TR BT KA R s g R Rk 5 A3 A
] AP EHEA ™ b, 2016, 4: 133-134.

NING  Wei. the

countermeasures of secondary pollution of urban water

Investigation  of causes  and

supply system [J]. China New Technologies and
Products, 2016, 4:133-134(in Chinese).
LING F Q, WHITAKER R, LECHEVALLIER M W,

et al. Drinking water microbiome assembly induced by

[26]

[27]

[28]

[29]

[30]

[31]

water stagnation [J]. The ISME Journal, 2018, 12:
1520-1531.

WANG H, EDWARDS M, FALKINHAM J O, et al.
Molecular survey of the occurrence of Legionella spp. ,
Mycobactertum spp. , Pseudomonas aeruginosa, and
amoeba hosts in two chloraminated drinking water
distribution systems [J]. Applied and Environmental
Microbiology, 2012, 78(17): 6285-6294.

ROY D, MCEVOY J, KHAN E. Abundance and
activity of ammonia oxidizing archaea and bacteria in
bulk water and biofilm in water supply systems
practicing chlorination and chloramination: full and
laboratory scale investigations [J]. Science of the Total
Environment, 2020, 715: 137043.

RAJEEV M, SUSHMITHA T J, PRASATH K G, et al.
Systematic assessment of chlorine tolerance mechanism
in a potent biofilm forming marine bacterium Halomonas
[l
Biodegradation, 2020, 151: 104967.

GALAND P E, SAARNIO S, FRITZE H, et al. Depth
related diversity of methanogen archaea in Finnish

FEMS Microbiology Ecology,

boliviensis International  Biodeterioration &

oligotrophic fen [1].
2002, 42(3): 441-449.
HATZENPICHLER R. Diversity, physiology, and
niche differentiation of ammonia-oxidizing archaea [1].
Applied and Environmental Microbiology, 2012, 78
(21): 7501-7510.

VAN DER WIELEN P W J J, VOOST S, VAN DER
KOOIJ D. Ammonia-oxidizing bacteria and archaea in
groundwater treatment and drinking water distribution

system [J]. Applied and Environmental Microbiology,
2009, 75(14): 4687-4695.

« 23 .

EE BT A HE(1985- ), L, InPERJFEA i, mil#
B, FENFRAKE R KA T2
FHA Y E RS

E-mail : niujia2221@126.com

Y75 B H#A:2020-06-24

& Bl H #8:2020-08-01

(G - 2R )



