%56 % 452 W 17 S-S D | A = SO SO Vol. 56 No.2
2024421 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Feb. 2024

P R 7 R ok 7 T X 4 0 A K B B

We— k! MR BRGR H  a
(1 WL keg B TRESARE UM 310058 ;2. A [ e 28 48 AR AR i B BF 7T e, Mol 311122)

& . AR A K B E A B A KB BR T, ok L HZ WEANK A 1100 FvE K ESE DT E A
HEEPAEETRECEEN TS, REF TR E(HIG)  FEE MK E(MED) K E LK E(LOW) J8E K& (SS)fi ¥
168 h(RET)S AN LU, HE P WHEAEEFHRAN DA EAMENHEENLEBORENYH, BT3B KE
33 41 4 AR B AR K, TP R SE i K OK € B (real time qPCR) £ 16S rRNA FEH A o041, MR F 4 KR E B E W Lt £ 5
HAEEH MM AEYEEENART SN, 2R LW . RET KBS E LKA, B A WEFEF LA RS B %R A A
ITRTABFEGAUBFRENTREHREMEFEE G HIC AW EFTHAHLIBERALLLA B RENEREATFERT N
78.38% ,HIG 4 4y & v 40 B 22 J B %% D4k h 4 798.81/em® , 2 RET 4 4 K th 7.59 f5, RDA £ R B 7, 3% & f pH 2 5 218
BREEFAASBREMENEER YR LR,

KW, P ARSI, K TR B AR

hESZES . TU9I XHERARERD: A XEHS: 0367 —6234(2024)02 - 0123 -09

Effects of special hydraulic regimes of premise plumbing on the
growth of microorganisms
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Abstract; Premise plumbing have special working conditions such as long-term detention of hydraulic regimes and
intermittent water use. In this study, based on the hourly water consumption data of 1 100 households in a
residential area of HZ City, an indoor non-circulating pipeline simulation platform was built, and five hydraulic
regimes were set up: high varied flow (HIG) , medium varied flow (MED) , low varied flow ( LOW) , steady state
(SS) and 168 h retention (RET), to explore the influence of special hydraulic conditions of premise plumbing on
the microbial communities and opportunistic pathogens. After three months of operation, 33 sets of biofilm and
water samples were collected, and real time qPCR and 16S rRNA gene sequencing analysis were performed. In
addition, the absolute abundance of Pseudomonas aeruginosa in the samples was quantified. The microbial
community and diversity were analyzed. The results showed that the total number of RET water-like bacteria was the
largest, and the proportion of viable bacteria in the biofilm was the highest. Conditionally pathogenic bacteria in the
water samples has higher number and abundance under intermittent hydro-working conditions. The total number of
bacteria in HIG biofilms and the highest relative abundance of conditionally pathogenic bacteria was 78.38% . The
quantitative results of Pseudomonas aeruginosa were 4 798.81/cm’, which was 7.59 times that of RET biofilms.
The RDA results showed that turbidity and pH were the main environmental factors for Pseudomonas and
Pseudomonas aeruginosa respectively.
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Fig.1 Hydraulic condition of premise plumbing
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Fig.2 Simulation platform of premise plumbing
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Tab.1 Reaction system of qPCR detection
SRR 2 xSYBR Green pro TagHS Premix  IEMZI4)(10 pmol-L™")  KHF4(10 pmol-L~")  ROX  DNA B (1 mg-L-") ERH
AT/ L 5 0.4 0.4 0.2 4.0 10.0
1.7 MEMMESHEES A WiFh BB =F ZEIMRR
BB I FE 5 DNA 3% £E - & A W) 8 |l AT N
o 2 #R 53
16S tRNA gene (= i & 7, ] 2220 3R . 3 — 6
PCR ¥ #—4fifk PCR = ¥)—55 — % PCR ¥ 1—iE 2.1 P REEEINTE & H KB KRS
Vi — S P Al A — SO TR — e 1—3 J SE5 A I - A IERLHUT 6 7K K
fiH R 5T vegan W4T PCA 43 H7 ( principal A E KK BT AR WA 2, 6F gk H KOK BT #E AT

component analysis) \PCoA 43#T ( principal coordinates
analysis) , FIWr 2 N R AR 19 52 52 M A (R RE AR 1Y) 22

PCA 7M1 (W 3) , & B HIG F1 MED 7K 7K J& #01
HEAKE R HEL . RET ZKEERHAOK A B 25

S 3@k RDA 4347 (redundancy analysis) #828#E
x2 BHEEHEHAKKR
Tab.2 Water quality parameters in simulation platform
. . AL/ ey LV LIRSV ¥ <Y il % ATP/ lg(HPC/
T 7K/ C pH
(mg-L71) (mg-L71) NTU (pseem™') (mg-L1) (nmol-L™") (CFU-mL™"))
K RW 20.95+5.47  0.18+0.09 7.45+0.30 8.56+0.30  0.68 £0.55 119.73+2.89 1.42+0.63 4109.60£211.73 1.60+0.43
HIG 20.79 +5.40 0.15+0.08 7.49+0.33 8.46+0.81 0.77+0.70 121.78 +4.31 1.72+0.62 4931.60 £307.16  2.46 +0.02
MED 20.80+5.50 0.15+0.09 7.47+0.31 8.33+1.05 0.46+0.39 119.93+£2.32 1.65+0.67 4916.83 +£855.49 1.89 +0.16
H7K LOW 21.02+5.76  0.08+0.06 7.44+0.32 8.34+1.23 0.32+0.21 119.26+1.28 1.42+0.45 4783.95+553.70 3.89 +0.02
RET 21.70£6.19 0.03+0.02 7.42+0.33 7.98+1.08 0.28+0.19 123.97+4.73 1.67+0.60 7102.09 £890.43 4.97 £0.09
SS 21.26+6.06 0.10+0.08 7.39+0.35 8.33x1.11 0.31+0.22 119.46+£1.69 1.38+0.68 5618.18+1358.32 3.53 +0.10
06| reTMY, H23 e 40 B S ECH HIG > MED > LOW >
ac RET >SS, 3 n] LU i 28 0T 7™ Az 9 A= 4 56 S i
Ll R B 5 OB 5 SRS . K REFIIBERE
- /g2 A ) T 4R RS 25 S, R
% . i WM TRE R IK R B9 22 A T i SRk F AR WD (EAE )
F MED1
g b D VED AR YRR 2 R SR R
A V RET
£ ss2 Y Mé}m XSS TR AE A W I A R 3 A e 1 L. 1& HIG
'0-3-v NI e N2 N Y N, N2
) AT A R R B B 3 5 2
. o WS BIAE B0 )BTRS 1A AT
g = LAY BT 9 L BIE RET T
-0.50 -0.25 0 0.25 0.50 N
At 56 LTS8 BB R K o 20 RO
I LI, SR B RO AEHOIR SR, N M
B3 KEEHRE XSS

Fig.3 PCA analysis of water quality parameters
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Fig.4 Total bacteria in water sample
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Fig.5 Total number of biofilm bacteria and proportion of viable
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Tab.3 Bacterial population diversity index of water samples

TH WL OUT %t Chaol 5% R Shannon T8%¢ Simpson T84
RW 349.00 +96.17 427.35 +188.42 0.993 906 1.53 £0.19 0.37 £0.04
HIG 321.67 £47.72 633.55 +284.38 0.996 094 1.75 £0.13 0.36 +0.05
MED 324.67 +71.93 455.33 +99.40 0.997 000 1.78 £0.12 0.36 £0.05
LOW 522.00 +26.87 914.29 +336.33 0.993 921 2.74 £0.23 0.15+£0.02
RET 319.00 +24.88 465.90 £51.72 0.996 591 2.31 +0.07 0.22 +0.01

SS 737.00 £16.97 1 198.38 £30.26 0.990 125 3.85+0.02 0.05 £0.00
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Tab.4  Bacterial population diversity index of membrane samples

T W OUT %1 Chaol 1%L R Shannon $4%X Simpson $5 %4
HIG 239.67 £42.50 631.06 +123.52 0.995 977 1.44 £0.39 0.51 £0.15
MED 289.33 +£33.47 428.26 +33.12 0.997 000 1.12 £0.14 0.67 £0.07
LOW 598.67 +194.50 1014.14 £173.51 0.993 000 2.63 £1.54 0.31 £0.40
RET 699.00 +77.60 1033.82 +£132.97 0.991 859 3.77 £0.12 0.06 +0.01

SS 689.00 +67.02 908.24 +53.62 0.992 522 3.51+0.23 0.09 £0.03
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Fig.7 Relative abundance of bacterial phylum levels of each sample
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Fig. 8 Relative abundance of bacterial genus levels of each sample
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Fig. 9 Relative abundance (histogram) and number ( polyline )

of bacterial genus that potentially contain opportunistic
pathogens
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Fig. 11 Pseudomonas aeruginosa counts in water samples
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Fig. 12 Pseudomonas aeruginosa counts in biofilm samples
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