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Effect of special hydraulic regimes on growth of microorganisms in
hot water premise plumbing

AO Yuqi, YANG Xinxin, WANG Yexing, LIN Jiong, ZHOU Yisu, JIANG Xuechenyang, LIU Jingqing

(College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058 , China)

Abstract; High-temperature environments and variations in hot water premise plumbing create unique microbial
community characteristics that impact water safety. This study utilized a simulation platform for non-circulating hot
water premise plumbing to investigate microbial growth under the effects of four specific hydraulic regimes; high
variable flow (HIG) , low variable flow (LOW) , steady state (SS), and retention (R) conditions. After 91 days
of operation, biofilm and water samples were collected from the simulation platform. The bacterial counts in the
samples were measuerd, and the microbial community structure and the presence of potential pathogens genus were
evaluated using 16S TRNA gene sequencing. The results showed that the R condition led to the highest microbial
counts in both water and biofilm samples, while the continuously varying flow conditions, LOW and HIG, showed
lower counts. Live bacteria demonstrated a propensity to colonize biofilms, exhibiting increased numbers and
relative abundances of potentially pathogenic genera in the membrane samples. In addition, biofilms under varying
flow conditions exhibited higher relative abundances of three typical potentially pathogenic genera, Pseudomonas
spp., Legionella spp., and Mycobacterium spp., indicating a greater potential pathogenic risk.
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Fig.1 Continuous flow condition flow settings
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Fig.2  Schematic diagram of the simulation platform
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Fig.3  On-site photo of the simulation platform

1.2 KEFEKRIEIRNE

TERE IR P, 2R RF 168 h XF 44 T By K i
HEAF—UOK AR R I |, 98 AT 91 d, K B HE A
B ILHEATT 13 Uk, i B 100 A4S D 35 A i 7 )
WIS AT . AN H AR KR VA AR
HL S5 IR pHL, a0 3 A v A K S8 B A 3
ooy L AR B 7
1.3 HARXREETLE

e — MR I E A R DB & $ok it
IRAL AT K A A 3 A4S 2.5 LKEE, BN KEE
R 2 LaEat 0.22 pm BTCE MCE K &, AT A
SLREYIINY , AKEERAESE WG, 57 B OG- & i
K, Geg HRAAE TR, FraoKHES G sl BT
GBI RAR . R R0 BB T IC R
AR F AR b SR FH TR A1 A 2% 09 R Sk Al A 141 57 il
RS T8 P B A ) B 28 ) BE e, PR AR A B BT
BOERIAETE K, S5 55 BV SR )7
B RIS SRR Y B O A FE VKOK TR S50 F 8 Tl S
AN AT A RS AV T 1 em, JE 75
1 min(2% , 13 W), # & 10 min 5 W4 5 R, &
SRR 1S W AR AT . BRSO mL
VISR AARREAS FH T35 20 S0 W 8 An A D, el A AR
Wk 0.22 wm BYTCH MCE /K R, T 5 ek
PN . ARUGREE IR AEKFE 15 A4S EFE 12 4,
1.4 HAEZBHEEHRENE

i FH O =X 20 A (FCM) T 52 40 B 8K otal
cell concentration, TCC) F1 7% & £%, f# F§ SYBR
Green | il PI XYLk} #E477¢ 694 2 SYBR Green [
] DOBERT A AR e 2, P1A] DLXS 40 it BE A 52 19 41
PREATY S , — A AT AR A AR5 WL
W5 B ] & 2T I UK H ek fase
o AEWIIERE ST 40 pm B JCHE MCE /K &K%
BRAKIUREL, AR 1k 3% ZE 3 AN K S A B 22 i
WeRE RS FEC L mL BE 5 37 €KY 1 min, Al
A 10 pL Jefh, Yo 15 min J5 FHUS . ILANR A

R2A By JIE K5 7 5 0 B8 AE 3E 47 5 9% T 7 dioat 2k
(heterotrophic plate counts, HPC) ,25 CA&M4 FH:FE 7 d,
1.5 MEMMHBESHEESHT

FRUEIERE R T ooz d Y 07 2R 1E B IR AR
WA FIHEAT 16S rRNA JEAIN P, a4 V3-V4 X
T4 38 A E R PSR ASY F8, JfHEH R 15
5 A H AT W) b A 53 BT | alpha 22444 43 A R
beta ZHENESHT
1.6 REMRERE

K JHFET DL ALY Source Tracker' ™ 751k,
fdE A5 ) ASV RAE R i A SO B KRR o
BB B V% 7 XML (Sink ) |, B 3 7K K BE ( Source
1) FIE BE A W E (Source 2) FY A B BETRVE S HE 7K 48
AP TEAE TR, Source Tracker J7 1% AE 5 R I A1
TELEUR PRI S5 AT LA, I TR W E R X
TR DTERAR FE o3 o B 38 i SOk ity R 185
RIS HAT R IR BN B 1R & Lo M REA:
IS A8 0 7K rh AR 0 0 DT RR AR B

2 Z#R54%

2.1 #HKELISRR

163 AN HIREE I R v, P HAOK K A
BRI 5 32F 7K J 4545 Hh 7K K 5 BEAL 48 B RS 0 {8 40
F 1R, KR EE W 40 °C,3 FPiELEiE
TG K R AR R A IR T A 36 ~41 €
R THF,BR T B 4505 40 C#UKLL 3.8 L/min
FRELIm L 28 s B iy A o) K vl il 45 o I i B K U
U 5 2 IR Y e AR A, FLAEE B KR G 2 AR
TE12.5 CAELAMEIRAT- . A R B REAL, K
VARSI T LSRN, £k Tk,
IR A A T I B ) A Y R R AA B i v,
TR A W IR R A TR A I Y R A R T
Ao Wi TR 3k 3 K52 A W R 9% A 52 )
FP A HIG <SS < LOW < R, #if B T O KEERY A5
FEA BRI T eI



5510 ) HOEHE, 25 A BOR SO B RRIR K ) TOU AP A K 5 <15

&1 IR kB IER

Tab.1 Physicochemical indicators of inflow and outflow during the experiment

. i U/ G/ KA/ Bz
KGR pH
(mg-L~1) NTU (ms+em ™) (mg-L7") C
ok RW 8.52+0.34 8.08 £0.06 0.46 £0.13 142.77 £2.55 0.15+0.03 40.00 £0.00
HIG 7.96 £0.43 8.13 £0.11 0.22 +0.08 143.25 +1.50 0.16 £0.05 38.34 +£0.71
ok LOW 8.20 £0.49 8.20 £0.12 0.37 £0. 15 141.78 +2.54 0.15+0.02 36.54 +1.48
Y
SS 8.12 £0.31 8.06 £0. 14 0.24 £0.09 142.22 +2.27 0.13 £0.03 37.57 £1.09
R 10.58 +£0.65 8.16 £0.41 0.41 +£0.23 138.23 +3.15 0.03 £0.02 12.50 +3.80
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Fig.4 Bacterial counts under different conditions
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Fig.5 Relative abundance of bacterial communities at the phylum level in each sample
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Fig.6 Relative abundance of bacterial communities at the genus level in each sample
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Fig. 11  Relative abundance of Mycobacterium spp.
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Fig. 12 Contribution of biofilm to microbiome in water samples
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