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Abstract; To investigate the influence of pipe materials on species of pathogens in water distribution system, a
drinking water distribution system ( DWDS) in a city in eastern China which has been operating steadily for eight
years was taken as the experimental object. Metagenomic sequencing analysis was conducted to study the effects of
pipeline materials on pathogens in 13 sets of biofilms collected from ductile iron pipe ( DCIP) , polyethylene pipe
(HDPE) , galvanized steel pipe ( GSP), stainless steel composite pipe (SSCP), and steel pipe (SP). Results
show that the relative abundance of pathogens in DCIP biofilm was the most, while that in GSP biofilm was the
least. In addition, nine of 12 pathogens on the global priority pathogens list published by WHO were detected from
the water distribution pipeline, with relative abundance ranged from 0. 079% to 1. 084% , indicating the severe
hazard potential of biofilms in water supply pipelines to humans and the environment. Based on the relative
abundance distributions of the pathogens in five pipe materials, the priority pathogens associated with the five pipe
materials were found. The research results provide an effective and theoretical basis for the selection of water
distribution pipe materials.
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Fig. 1 Pilot platform in DWDS
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Tab.1 Basic information of sample pipes

BEAZFR MR EEEA/mm Hl/a REERE
DCIP. 1 1 2016 4E7
DCIP. 2 DCIP 80 2 2016 4E7 A
DCIP. 3 3 2016 4E7 A
HDPE. 1 HDPE 150 1 2017 4E7
HDPE. 3 3 2016 4E7 A

GSP. 1 1 2016 4E7 A
GSP.2 GSP 80 2 2016 4£7 A
GSP.3 3 2016 4E7 A
SSCP. 1 1 2016 4E7 A
SSCP. 2 SSCP 80 2 2016 4£7 A
SSCP. 3 3 2016 4E7 A

SP.1 o % 1 2017 4E7 A

SP.3 3 2016 4£ 7 A
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Tab.2 Water quality parameters in pilot platform

YISO L2 HfH
KA mg- L~ 0.24 £0.05
DO mg-L~! 6.69 0.5
i NTU 0.67 0.3
pH 5.98 0.1
ey mg-L"! 0.003 0. 001
BA mg-T.7! 3.1%0.1
HPC CFU-mL"! 140 +20
HA mg-L~! 0.016 0. 003
TOC mg-1.7! 1.37 £0.2
Fe mg-L~! 0
Mn mg-1.7! 0.11 £0.05
Zn mg-L"! 0.06 +0.01
Mg mg-L ! 1.720.2

GERS RS uS-em ! 166.5 +10
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(0.05% ~34.66% ) SHFTEIE (3. 17% ~10.63% ) 3%
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( Sphingomonas spp. ) (2. 84% ~24.43% ) 545 )%
i J& ( Brevundimonas spp. ) (4.71% ~10.13% ),
Sei L i A DWDS ALY R B PR AR B
FE SP A Py B vh, - B TR B 2 0 L T S A s
( Chitinophaga spp. ) (0.35% ~27.52% ) 54K sh#F
R (5.12% ~7.10% ) .



.04 .

o
5

AN

553 &

AT FE /%
[T [ 1T

| ||EEEEEEEEE |
1]

N VY DY N DY DN Y N N DY
Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q. Q). Q).
PSS FFFLSLT ¢SS

S S &S

A
[ &R | Bt [ Al
[ A7 E/R4EE [ Candidatus Accumulibacter [ | #%/NFFE
[ Jumgemy I ARE [ e
[ e I b [ \Bxw
C I I g im e [(RZTY: |
[ ImJLTHE I Kinetoplastibacterium (R
] e I R [0 miTR
O mueme Il 5 [ St
I Aeepe AT [ eenp v
I KT E [ E=va B e
I AT R | Rl [ e
[ B [ R N T
| EEI) ] e 4 [ B
| EGE [ Amike [ B
I M [ B YRt
I 15 R [ B PSS Ld
I e [ M [ ST

2 AREMEWEAREREKFEHEXEE

Fig.2  Relative abundance of bacterial genus in biofilms from
different pipe materials
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Fig.4 Venn diagram showing the number of pathogenic species
among different pipe materials
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Fig.5 Relative abundance of pathogenic species in biofilms from different pipe materials
3.0f 25y %4 DCIP
HDPE
2.5F 20k B Gsp
1 1 0 B sscp
< 20} i 2 Ls ==
: M & 'l
g 1.5+ | I j%_
- il -ﬁ . .
= 1oL | | | I Bz Lore — I
0 H i H i H 1 l ; -
DCIP HDPE GSP SSCP SP i )

B
El6 AREMEMEKWBERSRGTHEEE R T8
X FEE

Average relative abundance of iron acquisition and

Fig. 6

metabolism in biofilms from different pipe materials

2.4 AEEWHEXBRENIRA

TEFITAT S 3 1 B0 T A b, 98O 1R SR B
( Pseudomonas fluorescens ) {1 /N B ¥T # ( Acinetobacter
baumannii ) FERRES A SHAF I (Acinetobacter calcoaceticus )
ARSI 4 Fh & i Fm i BURTE , 2
H HT B i M BB T . A LA 4 FhAE AL
WNEL T Jis , R A Sl A B RS T2 85 S Sl v 5 i
] 7E HDPE F1 SP_F 34 , X 5 A ST & 23 A i
FEALL o 200 9 D' Ml 5P R -5 0 e 150 54 D T B ) 1
DCIP FA A, 550 B M 11 T 4 A I3 OO0 AR AL, 3X IR 52
TR Z BT S R —— AT R A R
( Brevibacterium spp. ) A5 127 Ji 55 T Ja X i ¢ fik
AR R A K AR E ] . A TR K A
AR5 5 B Ml B M T A A A W I v ) 5 2
T PE A HUKIRAE X 5A S5 R AREE , R
B KA 5 L B h N BUR A 1 A 25 57
1M 2 BRUS AE K A8 0 200 P T 9 R B 4 3 S

7 AEEMABRBRENEHENEE
Fig.7 Average relative abundance of typical pathogenic species
in biofilms from different pipe materials
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Tab.3  Average relative abundance of nine priority pathogens in biofilms from different pipe materials

wRl soRE AEHEHECE % PRI
DCIP HDPE GSP SSCP sp
68 R BT W B 0.408 +0.639  0.864 +1.205  0.051 +0.041  0.537 +0.893 0.725 +0.336
B AR e T 0.427 £0.269  0.113+0.034  0.018 £0.019  0.093 +0. 106 0.073 +0.019
AT B A CLEIEE 0.008£0.011  0.021£0.030  0.006+0.003  0.002 +0. 003 0.194 £0.248
IR & T 0 0.017 £0.024 0 0 0.059 0. 084
SEEBERE WA T HEE 0.003 £0.004 0 0.003 +0. 005 0 0.027 +0.029
[ LR R T 0 0.004 +0. 006 0 0 0
BN HhHR 0.002 +0. 004 0 0 0 0
M TR E P TR R 0 0 0 0.001 =0.002 0
h B NS RS T 0.002 +0.004  0.013 +£0.018 0 0 0.006 +0. 008
eyl 0.850 £+0.475  1.032£1.30  0.079 +0.056  0.633 £0.85 1.084 £0.022
F4 AREAEMEYED B-NBERBEERNEE
Tab.4  Abundance of B-lactamase in biofilms from different pipe materials
Gt DCIP HDPE GSP SSCP sp
AR E /10 76 2310 £250 1820 =1 730 2 530 340 2150 =130 1 620 £390
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