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Abstract:  Water quality variation and the complexity of microbial communities are closely
associated with the safety of water supply system (WSS). A comprehensive understanding of microbial
community dynamics from the source water to the tap water is critical for mitigating the risk of waterborne
diseases and ensuring the safety and quality of drinking water. The 16S rRNA sequencing technique,
together with multivariate statistical analysis methods, was employed to systematically investigate the
spatiotemporal distribution patterns, assembly mechanisms, and response to environmental variables of
the microbial communities within a multi-source and multi-waterworks WSS. After undergoing treatment
at various waterworks, the total organic carbon (TOC) removal efficiency of multi-source water ranged
from 73.3% to 85.7%. The treatment effectiveness tended to be lower in summer compared to spring, and

microbial diversity showed a gradual decline from the source water to tap water. The Shannon index of
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microorganisms throughout the entire WSS was observed to be 8.5% to 19.8% higher during summer
compared to spring. The interactions within the microbial community, including both competitive and
cooperative effects, exhibited increased complexity. However, the microbial assembly mechanisms across
different seasons and treatment stages were predominantly governed by deterministic processes. The
distribution and survival of pathogenic and chlorine-tolerant bacteria within the WSS were influenced by

physicochemical indicators. In spring, TOC emerged as a significant factor, whereas in summer, dissolved

%A1 E B 17 H

oxygen (DO) and residual chlorine played more critical regulatory roles.

Key words:

drinking water;

sequencing; environmental factor

W 5 S LA 0 g T R L RO T AN W 4
ST AR B PR AL 25 5 5 SR A 7 S H R B, ™ R R
ST B AT RF SR R R . R R BROK Z IR A 3 Sy
OHfEAT Z K IRACE R £ o SR T, 2K IRAK R 58
FESEAT K B sk PRDI et , o T 058 AL 17 25
IK I3 &AM Fe A AR, W] BE 2 T B IE N KA 2 2]
PEBl, STHRAE 1 A BE S5 K AT A P 2Pl
RAGEPIRES 251 K75 YW BRI, (b B2 B2 Bk
I e B 25 7K o 2 0 B s, ™ N 2
CHUK IR R K 4

IR A ) 2 A R i PR K 2 A A REAS 2K
TE 22 7K PR AR ZE v, AN [RD K U 2 8] A K B 22 S 4
SRS YRR 0 Z ARG I, SO S B AR
PIF R F 6 i nl BE 2 5 A — LA K A
JEUARES S AN, AN R P A A AN ) 2 R Ak 2
R EA HLY , XY BN A PR 1 T A R
FIH A EIRIEA, B R EURE AR K
S G Yy ad v] RE 7 A TR A IO, I < AR AR T A
BB P A R K A ek . A
AR K AR BE T 20 e il 2 T 22 20 0, AR BERS A
—sE R b BRI K BT S0 F R K AR e H
IFARESE R BRI IA F Y. R, fRE O
KA )2 AR T 5803 K PR AR AP | v R 7K Ak B
MAMSERH I EK RGE . EXHERE ST, WA
FEBEIK R G0 IRk B e Sk 19 ol A 0 i v A
N

SRINT, HRTER X ALK 3R Geainn i v e it
FAIAFESY o LA, B 16S rRNA M H AR A
Wt ¢ R AT, BIF 5 285 A T IR ) A 25 T A
TWEGE . B PEIE 3 B AR TP AR SR HK IR
PR R GE BURR E PR A W AR H A E A

multi-source water supply system;

microbial community; gene

BEE RS R B RS R . X 2 KR
2K HIK RGBT YR AR AR A R T
ANFIFREE T WA BRS SE AL DL R E
N TME R EF MBI Z REMNIRR.
YT, BB DL Oy et 2 KR K R G R ) 48
FH e 38 Y A 2 08 M i, RGEMIESE T
Z K WAL K Z G0 TR 3k 31 e Sk 5 B R 10 s A
W RE TR B 25 0 A L 412 o R R HL U B B A A Y
L, LS S DR B ER FH 7K 0 A 22 4 KGR 1 ]
FESLAI PRI T K PR 5 OR AP R A i 2 ARl 2 A A0
1 #M¥EF*®

1.1 BHERERBAMEREN

20224F 8 F (HZ=)F120234E5 H (BFZE) )T
Hi Kk R G MBI R T HIRCREENG 3, &R
GLAERL T Ok H 4 AR K R K I8, I ik 3 A K
IO L A7 JFOK AR B, B 2K T H 7k gk A EI 43
KA IR A o Hr, K A RUKE 1 RK
J 2 R KR, KT BLC A ALK PR 3.4 KI5 . 3l
I TR K H K R 26 3 3 EK ), 45K R B
K RA - DI -8 ok T2 5K
FA S 2 B AP Bt SR DT T T A V AR g
b, SRR R, SR FH U B . AR A K B K AR B T
o ARRAE I, TE SRR T T2 H KA A PR
KT HAKIC AR T K IR G — P L . X T RC
JK R (DN-A) F1 57 W (DN-B) , 75 56 5 [X I8 (404
T 22 SCH RS B b a) ) R4 T EURE .

IRIEREA I R AL AR B9 ROK A%, TR
KR SURSE 3 LAKFE P A FAE LR R AL
WSRO o JFUKAE T8 RN EC K B 38 B REAS R4 L AE
EIEH I S AL FTIF BT THE K 255 min, RE K FiAR
FE 5 A JC T 1 R A LR VB ARDCR B S LKA

« 01 -



B4 A F1TH

OE 4 K HE oK

www. cnww1985. com

BEXT AR A B T2 BRSO, i AR5 3 R K
AETE SNt R AR KA, B AR X I T 20K e
KAk R AE 3~5 LAKAE , T A7t T J0 T/ 1Y 3R S8 S0 4
B . R 37 A SRAE S, oK R R E 44
(WRI~WR4) , /K& 18 &% % 5 1 (RP1~RP5) , 3 J#
K% 154 (TP-A1~TP-A4  TP-B1~TP-B5 . TP-
C1~TP-C6) , fit /K4 18 1% & 13 1~ (DN-A1~DN-A7,
DN-B1~DN-B6) , R4 J5 o7 BDRE A ik 2S00 =,
FFAE 48 h NHEA TR .

K pH I 5 2 Bk 2, o 48 X0 AU AN o i
fift S (DO) A #5 2 T 2RI i v 32 8, (5 485 X0l
JEEASCIM 5 e B S € 2T A0 R IS0 A A B
(TOC) , T 8l 73 e A3 2 755 5 R R 5 £ (COD,,,) L2
F(NH,-N) AR (NO,-N) , W 75 A S Y
ivalllPASe
1.2 DNARE .PCRYEERFEENF

1% JH Fast DNA Spin kit for soil 133 K 4] DNA
A ) & (MP Biomedicals 23 /) ) , # B8 3857 & 14
I 45 MK FE 8 B P $E BUEL DNA L T3 DNA B & B
3 wWL#EAT 29 (W/V) B NE A 6 e v Tk R o >R 15
¥ 341F F1 806R XF 41 B 16S rRNA & [K V3-V4 X i
T PCRY 1 . PCR [ W 1A Z2 4% H8 TransStart Fastpfu
DNA 5 A& Bl 19 br M 55 - ME 45, R FH PCRAXEA T
B PR R BRFR 20 wL, f145 4 pl 5xFastPfu
Buffer.2 wL 2. 5 mmol/L dNTPs 0. 8 pL forward 5|4
(5 mmol/L) .0. 8 wL reverse 54 (5 mmol/L) 0. 4 pL
FastPfu 2 & [ . 10 ng template DNA, 3 F ddH,0 #b
8% 20 pLo PCR W &4 :95 CHIFA 5 min, Fifi
J& AT 27 A PEFR (95 “CAEPE 30 5,55 ‘CHE P30 s,
72 “CHEAH 345 s) , Fe )& 72 CHEAH 10 min, 10 ‘CIRAF
HEWFEILL

Wy J5 A% 200 546 F 50 504 SR A QUIME
v1. 9. VAT B b uf P L BRik G IR 3, 15 3]
Fasta SC{F . fdi ] UCLUST 5205 i, 3 T ¢ H1 AL
TE 97% B B {H FEAT#RAE 43 2500 (OTU) 2K, M
JETE R — A E A R IT T A e v R — 451
FAREFH BRI F R Z 0¥ 5) , & RDP
classifier Xf HAEFT P o0 2 U X, 40 2 B E BR N ik
B 0. 8, K hEA> OTUARE FFIL ] Silva v128 2%
BRI AT LEXHZEHEAE Y 50 28, 9T o0 M ST A4~
RG] 9 B B R R R REE Lk,
RREE ik €/ T0 T

1.3 HRE.MHESKBEENIGE

Fo BT 114 9 176 TR 1 K T A A PR 2 D s LR
A Y CN TR G 9 T30 A ) P ) T 4 T 5 T 11
i 16 2% Luo % N4 K S BTN ik i 255k
P Y AE R K F b BEAT 2, (H o O XS LG, 7R R
KV BT M . DR HOE O K R 9 HhAl
X 2B I T AR E )
1.4 WEYEEARIRE

i AR FEATAH T3 IR IT 0 S Mead
(7] o 326 4% 0 e Jo B 45 ) ANBE DL 72 (B o i 4
FRCBIR ) 1A SRR ) R AR A v A X R 9
1l AR R AR 2= (R 22 ) Rz ok R G RE
ARGy R WS A O 2 1 2H S e R AN ] 9 A 2
WP T AL . B sy R BT B (NTD T 3FAG
FER NI R G R B RS, S sOE (AR A
ARG E B u i B R A AR B 4 (e
RWBDNRGE LT P RRTm .
BNTIRWIREATE RS L F b HE U A9 AR, 1M 1E
BNTI R EMER G AT b LR B A BT .
BNTI=2 Fll BNTI<-2 73 | 37 S o 3k A ) o e
YR e . IBNTI<2 19 Fe 48 i1 Bray—Curtis
(BC)HY Raup—Crick(RChm YiE—2Ak Tt RC,,,, (.
N BC,, M BC,,, Z 8] 9 B AL BT i 22 RN o AR I
BRI G RIRC,, 1<0. 95, B4k, RC,, >0. 95 Al
RC,,,<=0. 95 73| e 7n 9 B R H A By, A
KB ITESZ /ARG
1.5 EYEEFEZRITHH

I F A W HE 7% B9 Bray—Curtis 22 510 55l
RiET (v. 4.2.3)H Vegan 11 diversity PR T
HE W11 alpha 2 H% (£2 45 Chaol , Shannon | Pielou
Goods coverage) . 2 W £k WY B ¥4 10 Bc it = 2915
ZHEIE A 1 BLAE(R B, Hoh Chaol RERS HIRIEAH
YA A9 F & JE , Shannon . Pielou 14 BEAS [7] s [|] 143
] A £ ) Z2 A R 204 L Goods coverage A i L
WA E IR OTU 78 55 15 00

K HIANOVA J7 22 73 Hr A AE JEE i 2 4k R
(NMDS, Bray—Curtis ) HE P 158 [A) I 2 fk
A YR TR A AL SN TR AR ] 1 S Bt . o 1 U
S SR ) 2 Y SC B R IR 1 (] R G = TP Y
Vegan £ #£ 17 Mantel £ % , X} £ T Bray—Curtis B2
BI04 OTU i R R 6 R R 25 1) PR B 20 1 4 o, O
T 8] A G R S0 R K h U E W R T S

« 02 .



www. cnww 1985. com b4

A, K R G A RAR A B E 5 R AR BN T AL

%A1 E B 17 H

PR PR CR  HFEE N SRR E
2 #R53T#
2.1 BUERMNZ=EREZTETL

Xof B 5 HE T O 3k DX K R G 45 R T KRR Y
PRACHR AR IEAT T RZ I 20 B, 5 5 L2 1 (Bds 3
{8, KB G b S B0 (2 9 2 [l R T A fb . 7F
25 [0 b, pH 7E @ AR Hh B AR R 7E 7. 0~8. 0 Z [,
SEEG O 5 DO FTHL TR PR SK 2 e Sk A e K T
245 14% F122% , DO B34 K 2% F /K 4b B 3o 72 v g <,

FK A ) A A2 E P O T R 5 S A 3 K DU T g
S T MR R Tl A Ak S B S R AR
B 22 ¥ 55 B 205 MUEE L TOC, COD,,, . NH,-N Fl
NO, =N M Sk B e 3 5L 750 2 U (1) fa 3, 43 K
T ) 82% .85% .50% .73% . 73% . J 5 A6 1) 7K I
K22 S AR B 2% LT 2 AR B H g ik bR, TOC
FBR A A 2R 430 AT 3k 3] 85. 7% F173. 3% 1fif
H, Ab 35 B K FE ALK IR W 32305, 7K 5 4 45 76 58
R Be s K o

®1 HAkRFEREBELSHNEZN

Tab.1 Changes in physicochemical parameters of the water supply system

5iH pH DO/(mg- L") SR /(nS-em™) HEE/NTU
# B2 H B2 H )= = =
K 8.04 7.28 8.52 6.68 60.78 61.35 3.23 2.58
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# ) 7 5 5 l ® 5
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K™ 0.27 0.59 0.72 1.59 0.02 0.05 0.005 0.004
K K 0.14 0.24 0.05 1.70 0.01 0.04 0.003 0.002
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Tab.2 Change in alpha diversity of microorganisms in water supply system during spring and summer

Chaol Shannon Pielou
i H
H A H 5 H 5
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Fig.1 Change in alpha diversity of microorganisms along

water treatment plant
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Fig.4 Ecological process of microbial community

assembly based on null model
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Fig.5 Mantel test results for the main water quality

parameters affecting pathogenic bacteria, chlorine-

tolerant bacteria, and dominant bacteria
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