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Abstract: The raw water pipeline of emergency water source is relatively closed. Long hydraulic
retention time of raw water in the pipeline will lead to the decrease of dissolved oxygen (DO), and change
the environment of the pipeline from aerobic to anoxic or even anaerobic, resulting in the deterioration of

water quality. The state of the raw water from two different water sources was simulated in two laboratory
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reactors M and N. The retention time was determined by reducing the DO to 2 mg/L, and the
corresponding water quality change, chemical stability of the raw water and diversity of the microbial
communily on pipe wall were investigated. The decay time of DO in source water with poor water quality
was obviously shorter than that in source water with good water quality. The water from both sources was
highly corrosive, and the effluent pH, total alkalinity and calcium hardness were all significantly
increased. Reactor M had poor influent quality, high microbial concentration and higher removal rate of
organic matter. The removal rates of COD,,, and UV, in reactor M were 27.8% and 22.9%, respectively,
while those were 24.6% and 21.4% in reactor N. Reactor M had stronger nitrification ability, in which the
generation rate of NO; =N was 23.4%, while that was 16.2% in reactor N. The dominant bacterial phyla in
biofilm on the pipe wall of the two rectors were basically the same. However, the phyla with higher
relative abundance were quite different, while the difference of phyla with lower relative abundance was
not obvious. Higher NH,"~N was conducive to increasing the abundance of Nitrospira, thus promoting the

nitrification reaction. Good water quality increased the microbial diversity in the pipeline, which was
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more conducive to the stability of the ecosystem in the pipeline.
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Fig.1 Schematics of laboratory-scale reactor
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1.2 KIS AKKER

SIS R T T MK YR K RN 2K IR K AR R 1 4
BRI B R K , PR R OK 5 ) BAR SR bR AR - M
FK K B IR B SR 14~25 °C,pH Ry 6. 72~7.17,D0 Ky
3. 1~7. 5 mg/L, BT IR A (HPC) 2 7~86 CFU/mL,
MR 0. 86~4. 15 NTU, SLH B A 15. 4~23. 4 mg/L,
B5 R JE h 4.2~21.0 mg/L, & 5 A 0~0.45 mg/L,
NH,"-N.NO, =N, NO, =N 435l 4 0~0. 34,0~0. 012,
0. 603~1. 272 mg/L, COD,, 7 0. 8~3. 2 mg/L; N /K Ji
IK AR S 15~24 °C,pH 4 6. 68~7.23,D0 H 5. 4~
8.7 mg/L, B 7% HPC N 6~53 CFU/mL, M FF 4y 0. 26~
2.48 NTU, BBfJE N 8. 7~18. 7 mg/L, F5HH & Ky 7. 7~
21.7 mg/L, B 4E A 0~0. 20 mg/L, NH,~N,NO, =N,
NO, =N 43424 0~0. 14.,0~0. 006.0. 237~0. 502 mg/L,
COD,, }0.7~2.2 mg/L.

WA 20 26 K L 1247 3 A DL LR 15 2R
JE SIS A RE A W I B S EAT A5 FHARZS AL
B A 45 B8 B5F [] Fh DO YR B2 508 28 2 mg/L JIT e 2 1Y
BF )R A 2 o FEREADL 5 DI E] A 7K B 220 F - M
KK DO N 5.4 mg/LL, pH K 6. 88, NH,"-N &
0.25 mg/L, COD, 4 1. 44 mg/L; N K /K 1) DO K
6.9 mg/L, pH & 6. 80, NH,"=N 4 0. 05 mg/L, COD,,
1,22 mg/Lo
1.3 REMSH

it I JC TR AR 2 WSO AR A 1 LR W I, SR S AN [
M TCEE 2. A N EERI Y 20. 0 cm® A9 A ) 5
R, JF7E-4 CR A7, 3 1 h NEEHUDNA . 7E42
HUDNA Z A, HTC K e v 47 DL R Bk B i
AW . 557 B (HPC) R R2A S A3 450ik il
o ZAALT (AOB) R =4 MPN i BERE 32114,
K FH MR Stephenson 15 77 56 o W A2 /K HEIFH] 0. 45
pom BB U8 o e B TR R S L A L 8 A
{2 (SG6, Mettler Toledo International ) Il £ DO ¥ &
COD,, \NH,"=N \NO, =N 1 NO, =N ¥ % F [& Z b ifie
JF M E . fd ] Milli-Q Gradient /K 44k 2 45 4= 77
RBAK o A Ak 2 i AR 240 2 4R A A2
ERARA A, ai 2D R . MAE HIK IR
KRG RS AR A A 2 A P i PR AN dE b
B Langelier 1 F148 %L 1, \ Ryznar §2 2 $8 4L 1, f= h 45
BATFIRLARAEE LR, 71532 20 A T 2 DL sk
BRI .

1.4 DNARERHIPCR ¥ 18

i E. Z. N. A. ® soil DNA kit (Omega Bio-tek,
Norcross, GA, U. S. )X AW AR i ) — X =y it 47
DNA 42 8t s F 19 Byt b 858 ¢ v Dk A ) DNA 119
PEIOT o R FH el T O I B 5 A T A g
(T A= ) B B D A0 R R S M 51 4 (338F AN
806R ) Xf 16S rRNA & A 1) V3-V4 X s 174 4% .
AT B DNA 751 0] DL 7E NCBI 7 81 332 iR 28 v 3k
5, BioProject 4 5 & PRJNAS80216, 16S rRNA
1 PCR Y AR 195 CHASME: 3 min, 27 MG
(95 “CAEM: 305,55 ‘CiIRk 30 s, 72 “CHEMH 30 ) , %
J& 72 CRaE I 10 min, £ J5 16 4 CHEAT IR T .
PCR S W AR 2 47 : 5XTransStart FastPfu 2% K 4 pl,
2.5 mmol/L dNTPs 2 pL, F¥iE 514 (5 pmol/L) 0. 8
wL, FUES % (5 wmol/L)0. 8 wL, TransStart FastPfu
DNA A 0. 4 WL, B DNA 10 ng, ddH,0 #h & &
20 pLo BEAFEARM3ANEL .
1.5 MFESHELE

W [l —HEAS 1 PCR =W A I 8 2% B hg #
BRI AT I, Al AxyPrep DNA Gel Extraction Kit
(Axygen Biosciences, Union City, CA, USA) 47 [l
W= gl Ak, 2% B IR W5 SE R L vkoR I, O
Quantus™ Fluorometer (Promega, USA) X} [A] i 7= 4
PEAT E A . H NEXTflex™ Rapid DNA-Seq
Kit(Bioo Scientific, 3¢ & ) #7872 . D4k & ;@
it FH R 3R 18 K Bk FIE R B @FI FH PCR 974
HEAT SRR AR 1Y) 4R s @R R #EZR M1 PCR 740,
153 2 f 219 SC#E o F) A Mlumina 2 7] #9 MiSeq
PE300/NovaSeq PE250F- 5 #E4 T 7 (163675 A4
AR A RAT]D
2 ZR53%
2.1 AEKETHDOZFHER

AR I LT PR KR 25444 F 19 DO
TGN 2 FER . P41 3% B H ) DO Y 2 R
g R % 2 mg/L A FHBT A Ir 22 5% . M ON 2
B K DO W EE /58 5. 4 F16. 9 mg/L. TEHT 12
h P, P12 5 1Y DO THFER YN 0. 7 me/L. {H 3R
A EPRGS FRE N 26 E G DO -2 ek R T
M 6.9 mg/L B ZE 2 mg/L T 154 h(£6.5 d), i
M 258 A DO M 5. 4 mg/L FE U8 2 2 mg/L AT 94 h
(Z144d),
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Fig.2 Attenuation trend of DO under different water
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2.2 AEIKEEMGTHHAKKE
2.2.1  pH E5HE AR

Ji 7K 28 3o — B I [R] A ASE 40048 FH i, T 20 28 5 1Y)
HE K pH LSV RE R A R R S S . M
B E K pH Sk 6. 88, % R T N %& Y K pH
(6.80) ,{HH: 7k pH A 10. 57, 1% T N 2% & A9 H ok
pH(11.00) , BB NIK PR 2544 pH i b TH B 5 1
MoK R . M 2EE B R K S R R R R AR 4 oA
19. 84 F120. 20 mg/L( —F ¥ CaCO,it) , ¥ E TN
BB PEAK (11,90 F115. 15 mg/L) 5 1 N 25 B (1 H 7K 45
R 38 R0 BT 43 ) T 2= 79. 37 187 13 mg/L, R T
M % HH K 4 63. 49 F168. 19 mg/L.,

AT IR A, — T TR NBEE A HRT B I Lk M2
B, CAMR RV, KR pH 8585 2 RS8R )
T+ 5K AT A K e P R0 3K A kA Hh 45
i ] K LK T A b 2 A e A O, BRI K Jo ik )
FoUrE Z A0, JE kot 5 9 JR K pHE Bt 2 7K R 45 B st [
P IEA TGN . 55— 7 T2 BT NZKIEZK 9 pH 485
B LA 2 B MK TR ARG T O 7 1 LA e
W B2 AR A K R R EE v, 487 BE v (1 v ) o o )
o KT M NZKBZK K B e Mol AE 2. 2. 515
AT HTITIR .

2.2.2 HHWE

FESE KA WY AR R S5 T, 45
TK I UV 5, 1 COD,, W BE 447 — o T2 BE IR, Ferp
M % E E K UV,,, A1 COD,, 73 % 4 0. 035 em™ Fi
1. 44 mg/L, HK A 0. 027 em™ FT 1. 04 mg/L,:%E/‘J
FBRARAT N K 22. 9% F127. 8% ; N E JE/K UV,

COD,, 57 % 4 0.028 em™ Fll 1.22 mg/L, tH /K N
0.022 em™ 1 0.92 mg/L, — & 09 2 % R 4> 5 K
21. 4% F124. 6% , M % B XA HLA 1 e ik BE ) i
R MUK IR IK H )5 SR K A ) i S L N KR
KT, T LA M e B 1 A R A A b B A o AT AL
{14 T o 2% At BE 0 5 1 N e, T S BCH: UV, A
COD,, 1 2B M 5 .

2.2.3 JhpEF

FE £ AT T 100 I R A B A 0 B e TR oA FH
T PR EOK R EE YA TR R . BT MUN KRR Y
RS AR AL FEARMARAS, 20518 1. 75 F1 1. 31 NTU,
T 2 i 7 o B R AR A/ HL 22 R K, oKk
FE 435114 0. 86 F110. 52 NTU, 25 [4: 3R 43 51~ 519% Fl
60%.

2.2.4  UsfEMEICHLA (DIN)

J K AE % FH A T 0 i A sz I A B vl Al
7K HNO; =N NH, =N F1 NO, =N ) #e B 75 fk ] 322 2
B, FEAYR SR T, P2 e K B NH, - N kA
BT HEK A —E B ARG, 1 H NOy -N MR B4R
AT X WP 4 A B R A A A RN kAL H
o oy R N [A] o MR 7K ) NHL-N R & 1
N3 43004 0. 25 F10. 05 mg/L, H 7K i NH,*-N ¢
4 51 A 0. 14 F1 0. 04 mg/L, H: 5% 4k 3R 43 5] ik 2]
44% F120% . FT NO; =N, M N 25 & it 7 7K v B 43
5 0. 64 1 0. 37 mg/L, H 7K ¥ BE 4351 R 0. 79 Al
0. 43 mg/L, 4= R 9 h 23. 4% F116. 2%, Thififk
2 HR D= ) NO, =N FE 9 4 256 ¥ 04 2+ K A
AN A5 TH A 7 AR e B /K .

0 w5 e N N i 7 B 3 A NS )
PeE P RATANFE RN . M 2% X
NH,-NEBRE 2, HA R 7 20 NO, -N, it
M 2% 8 A R AR AL S B, T M2 R 1R 7K
N WG 2% R IAAE JRUKOK i 22 H NH, - N ¥k
BE PIRASTT  me A F B X 5 8 IE DR AR
o - —3
2.2.5 fhrEfasetE

@ Langelier 1 F$8 %1,

[EESE TR KA AR e Y, Bl it
IR S B pH 55 sk iR 805 1 11 s 7 pHLCE pHL)
Z IR 2 (E K/ R BOR AR RS e R . AR
AAF -
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I/, = pH - pH, (1)
@ RyznarfEFRELL,

Ryznar 75 K i S5 9 Al B2 0 T ROE %L 1,

AOMEE: | 3 — 8 B0 S WoK AL 27 R T 2 22 50
o8 Hat A AT
I, = 2pH, - pH (2)
@ fROhFEEAL

R il £l AT AT DL E KA 87 38 A T2 5 5L
AR AR ARG BT 35 FH (A ASE4UL A 18 A 7K 8 N Af
BREBFFERAE, DR R I B0 ALK BT e M i
e, Hatm AT .

Al = pH + lg(Ca-Alk) (3)

A Ca NASHEEF , mg/L(Lh CaCO,3t) ; Alk Ky
SVE , mg/L(LL CaCO43 1) o

@  HIARFEELR

Larsen 55 A 3 X 45 18 J&5 1l S 568 o0 A & B, 51
B IR AR B BBk IR SR B R T A A
P AER . HatBE AT .
2[s02 ] +[cr]

[HCO; ]

A [CUPHEE FHREE , mol/L; [ SO, | N iR
RS TR EE , mol/L; [HCO, | i SR B Tk
mol/L,

Db 4 TR AR 047 A E | e KA A /M DL 2%
1o AL, KK BAb Tk 2 AT R, K X 45
TE A ™ H AR AR e Bl AT A s, JRK
X 7K 6 N Aof BR 2 B R AT SR ok o DL L4
FEH YR RIS 8 e BB IR K A5 1A 1Y 5 FIR
A, KB pH R R RS i ) I 2 = kK,
=B LT AT A AR AR Ak 2 N R RS A

1 KBEKELEEEY

Tab.1 Chemical stability of source water

LR = (4)

mo H I, I Al LR
SEHMY | -248 | 11.93 | 950 | 0.75

MKIEAK | KM | -2.07 | 1254 | 989 | 1.11
f/ME | -2.56 | 1130 | 9.17 | 0.42

S | -247 | 1179 | 9.67 | 0.59

NKEK | wRME | -2.18 | 1256 | 9.86 | 1.05
f/ME | -2.60 | 11.30 | 932 | 042

X EG A A K B K 2% 8 B P 2 (DR, A )
TR AR, 0 400, MUK IEK B RLARHE 20 LR FIES:

FE AR BT Y T N AKUE K, N 7K 5 K A0 4= Dl $ 25 AT
T MAKUEK . BACRE , NIKIE AR UK B M
IKUE ALY, HAb A 5% P I 5 1 MUK K 7 e
IKIESAT T B BB pha s, B, 254
2.2, LTIk, pH L BB F0E5 A B %) T 35 52 4%
JH RS 18] 8 B 0 5K

2.3 AEKEBEEGETHMEDEEHE

2.3.1  FE{&/KF HPC AL

M AN 7K IR K B384, AR K B HPC £
AR E A, (BB R— B AT EAUKTE,
B A 100 CFU/mL, N 7K IR 7K i) HPC /K S
AR, FEA LB R ) 55 CFU/mL.

Ze WA F S, PIZH 2 K P ) HPC 20
T3 R PR E B T, MR N B ) HPC B )
A HE7K 1 77 .43 CFU/mL 3+ 2 H 7K % 2 400 .3 000
CFU/mL. H8R N/KIEK H i HPCTEW] IR i B b
{F H A 2 5 v 457 B B ) b MK R K B4 30K
SO A A B A R A, TR N R K Y
HPC 55
2.3.2 EREAYIFEH HPC AT AOB B 254k

A RE LR R b (0 B i T LA ) A
BHEP AV AE LA . Xl E N
1 A6 W RRE AT BURE | 855 5% JF 4 I HPC T AOB X
h, M3 E A REE YA HPC T AOB £t 43 il
2.91x10° CFU/cm?® Fl 260 MPN/em?, 275 T N 28 # 114
2. 4x10° CFU/cm® 1 230 MPN/cm?, 3X 42 [F > M 7K
IK AR 2%, 7K Y NH, =N A DL v 45 v
A F A WIS A T 1, BV 37 K - v R4 18 P i
AP AFAE KA i o (RS ER 25 S R i 26, i
SRR K R 8 7K B AS [] 23 6 Ko A e = A 5
{H I HPC F1 AOB 1145 55 A 7 7] — %5 i 9 H 2=
FAK.

2.3.3 EREAEYINER A YRR S5

X5 R 2H 97 % FH AU K SF Y 45 T8 A= W B 4T OTU
I3HT, 2R 3 R A OTU Ktk . Hrh M1t
& M P REAE YRR A NTACTRE N2 B (04 R
HEWIIEREA . WL L, NT B9 A 2 e 2y
mTMLEHZERAK,

K 454 FEREIRIN B R L 78 M1FINT P-4
AR NGRS T 47 622 1140 996 N5, fEF 2
5| T ACE . Chaol , Coverage . Shannon F1 Simpson $§
B, USRG4I AR YA alpha Z2REVERE B, PR
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Fig.3 Microbial OTU level curve of pipe wall biofilms

R2 BEEREVENMEDSEEER
Tab.2 Microbial diversity index of pipe wall
biofilms
Shannon | Simpson Chaol
it |7 50 5 0 %‘;& ACEFEHL . Coverage
M1 (47 622| 2.0251 | 0.369 7 |344.3545| 322 | 0.998 5
N1 |40996| 2.0726 | 0.3392 |308.716 8| 294 | 0.998 4

{8 Shannon 5 £ty 225 B it £, an &1 4 s .
PR ZAS 1) A 88 Ze 22058 -3, B BH AR W b i)
TR AR A R , D B i AR 8 K AR A h
KRRy ) ZAE VAR B2 LA . Horb N ith
LAHEE M1 B =, DI N K IR K I 85 55 0 AR P R 1
R Z2 M R T MUK K 33X 5 i TR 45 R —
2o, i FR WY DK BRI 5 /K IR K B 37 0 A= )
AAHEmNMEY 2.
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Fig.4 Rarefraction curve of pipe wall biofilms
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Z YRR Sunburst B H1 3 /> [A].0 B 2H 18, A
WRISMNER T AR REATE S SR 0 2 E R By
YRl 3 A MGG Circos FEZR R Rl B R HE A 5
Py XS BLOGFR BT LR 7R B REAS A I
T S HC T o5 H A, 348 AT DA s e S A SR E A [ R
A S B H LS PR 6 BT, A RE R
Py IEREAS T i DL A TR RS AR [R] , 32 2 R )
(Actinobacteriota) \"ZJE# '] (Proteobacteria ) Wi #ABR
Hil 1(Deinococcota) FUFFE ] (Bacteroidota) e
I"] (Verrucomicrobiota) HEALIEiE & 1] ( Nitrospirota)
BB YA ] (Patescibacteria )55 o {H PN ELAET T
SFREANTR], M1 FINT AR 1) o B9 Ll ok,
5 58% A1 63. 9% ; HUCIEALIL W, Bt i e 451 73
54 38. 9% 1 32. 2% ; BEAE i AL A7 T A g AL R e
PR B 2 B AT BT 2253, 70331 0. 2% A1110. 849%

R S G b VA R 4 2 A R A ) I U )
) A B 22 S 0 B MK R R RS AN
B RS WA 56 LSRR AS A W o = B 22 S e
2K L BETE Heatmap $A & F1 3% 5 /RS B 4G
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Fig.7 Heatmap of microbial community of pipe wall

biofilms (phylum level)
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Fig.8 Comparative column chart of Fischer exact test of

pipe wall biofilms (phylum level)
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