41 4 H5H tOE 2 K HE K Vol. 41 No. 5
2025 43 A CHINA WATER & WASTEWATER Mar. 2025

DOI:10. 19853/j. zgjsps. 1000-4602. 2025. 05. 008

SNBSS

woOH, K «%1, AN, X, X —i‘—l PB4
(1. BEEHARKRF FRELSTHIAEFR, BE &% 710055; 2. %MW 2548340
RIEE R R ARG, T %M 213000)

B OE: 2RENGBIRFACTERABKIT L LR L EZORE, L PRENF A ETEZR
FZ—, BA—HERLREBHLENAWEALSS-1, 5% T RE K pH C/NAL AR Bt 2 A K eh
e, AT LSS—1 89 A A K &M A . pH=7.28 .C/N18=5.32 iR E=28.45 C, X = A H & & LSS-1

A KB 69 HE A A pH>CINAES IR B . seoh, #) R B ok . Mgk i hkik T Aw B 4k 5 M 45 AR, 5T 1.SS-1
BT RIATT R ESN ., EREAIN, A MR EH 2T 5 KA HE16d
B 3K B 5k RAA, 5% % 12.56 F2 0.31 mg/L; i kit & £ % 10 R3i& )35k KA40.73 mm/a, £ 5 30 R A ik
2 FME0.21 mm/as

XEER. SKREFHE, EAmE; Bik; BK

FESES: TUIL XEtFRIRAD: A XEHS: 1000 - 4602(2025)05 - 0058 — 07

Optimization of Growth Characteristics and Corrosion Behavior of an
Iron-oxidizing Bacterium in Water Supply Pipelines
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(1. School of Environmental and Municipal Engineering , Xi’ an University of Architecture and
Technology, Xi’an 710055, China; 2. Changzhou Building Research Institute Group Co. Ltd. ,
Changzhou 213000, China)

Abstract: The corrosion of water supply networks has emerged as a critical concern within the
water supply industry, with microbial-induced corrosion being a significant contributing factor. In
conjunction with the iron-oxidizing bacterium LSS-1 isolated from water supply pipelines, this study
investigated the impact of carbon sources, pH, C/N ratio, and temperature on its growth. The optimal
erowth conditions for LSS-1 were identified as pH of 7.28, C/N ratio of 5.32, and temperature of 28.45 “C.
The relative influence of these three factors on LSS-1 growth in descending order was pH, C/N ratio and
temperature. Furthermore, the corrosion process of LSS-1 was systematically evaluated through
quantitative analysis of total iron concentration, ferrous iron concentration, corrosion rate, and
characteristics of corrosion products. The concentrations of total iron and ferrous iron initially increased
and subsequently decreased, reaching their peak values on 16th day at 12.56 mg/l. and 0.31 mg/L,
respectively. The corrosion rate peaked at 0.73 mm/a on 10th day and reached its minimum value of 0.21

mm/a on 30th day.
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A R KA M E M EERNEZ
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FE AR A AL AN (T0B) 8 IR 40 % (IRB) LB
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AT 0 & s B T 33, 26%, A sh AT B A AL
WG R BE ), RE WS A a2 45 D00 A ol Ak R i, 3K
KBS RA .

H T, ¢ T SEPR 45 /K A5 18 rh 2k Ak 4 TR A oY
A PR, ELER X 4 00k 40 TR 1 S ok R e = o Ay
Bro KL, 3 DL —BRA S I (LSS-1) AR F# b
10B, BIF 5% 1 B JR AR pH . C/N {E FIHR EE X% 40
ARSI B E T LSS—1 AR AR K 450 JE AR
BEhl b, S5 A SV U Bk L e SRR ol
I 6 LSS—1 1 i BE R4 T T 8 e, B AE M4
KAE P JE ol 5 T YA I SRR R
1 #M#EF®

1.1 HEREMNEFRE
111 AR EE S5k

TR SE PR 25 K A R A W AT
WA T B A AR B S5 B FH bR . 1R TR
B R S R A (LB) AR5 T
AR R IR 48 h (% R 150 v/min, Ji& & R
30 C) s B J5oRF LB 15 FR 3 b i T A R R IR AT R
R A A T A R 6 AR B 3R AR 5 d Ol
JER 30 °C) . MG, PREOE 72 2 R BBy
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MITETE , 2R A5 2 —TR bk . $EIEE DNA
HEATINY | T 2% B2 7 9 B85 PR X6) LE 3R AR 3 2% ) il
H R, &I Z PR S 5O B A B (Acinetobacter
Jjunit) W [R) JEAE A 98% , 1 5 1% T ik A B IR AN B AT
WK A 4 o LSS-1, ARG A F A 1R

—— CP068253 Ac
—— ABI01444 A
—— IX307680 Ac
F—— CP078042 Ac
f—— CPO78018 Ac
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CPO19041 /
F—— KY4180041
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——  CPOS800 Aci
—— MN3862364
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L NR026208 A

98

DSM 6964 168 r

HMO030746
02 KX507843 Uncltur
: AM184227 Acinetol
LSS-1
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M-3 168 ribosomal R

ne BJ201305-60 165 ribosomal RNA gene partial sequence
junii partial 163 rRNA gene strain WAB1886

sp.strain MW1168 ribosomal RNA gene partial sequence

Bl SELEELSS1 RERBER
Fig.1 Phylogenetic tree of strain LSS-1

1.1.2 BRI

K 0 15 37 FE A0 55 LB 15 9% JE Rk 01k 40 i 15
AL, LBE;FREE . 10 /L i NaCl, 10 /L 1 JHE 2 1
5 /L BEREE pH R 7. 2+0. 25 B A AL AN T 15 7
F.0.5 g/LJ(NH,),S0,.0. 5 g/LHI NaNO,.0. 5 g/L
K,HPO,+12H,0.0. 5 ¢/L ) MgSO,-7H,0.0.5 ¢/L [
CaCl,.10 g/L AR ERk e .pH R 7. 0£0. 2, B Lk
AT AN EAREE R EE TR A T 16 /L 1 BEHE# o
A 35 SR B AT T 121 °CF KT 30 min.
1.2 ST AR R

SCU T N B LR T RN A A
Wi FrEIR el iR A E AL, B el R
F R RS R 27 mmx55 mmxS mm, HIo R4
AP C RN 3. 58% . Si Bl 2. 26%  Mn B Rl
0.81% P &M 0. 086% .S % 1 4 0. 032% Fe 75 it
H93.232%, SEE FHIK A 5L E FH RK , K HT
i (DO) AL IE L ELAL (ORP) (pH L3R Ak |
Fe* (C17.SO,> A BE R EE 5359128 7~9. 7 mg/L 140~
400 mV 7. 34~7.82.70~270 pS/cm. 0. 02~0. 28 mg/
L. 0~0. 005 mg/L. 10~20 mg/L. 15~30 mg/L. 60~72
mg/L( L) CaCO,3t) .70~74 mg/L (Lh CaCO,it) ., K
@ J5 , DO A ORP 4341l 4 3. 97~7. 11 mg/L £l 85. 7~
265. 4 mV, HAWZSH0 5 K A HiAH [ .
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1.3 AKBERMEMAELE

RHRGT LSS—1 BRI A KR R R 25
PRRR 9 OD oo HEA TIN5 o SI256 43 ) 8 49 855 3% 56 (%) e
JEFIZE (L TREN T R AN A BE AAT TR M) . pH
(AR IR A A M — B 5, #2 4l pH 23 5118 5.6..7 .8
F19) L C/NAE (AT A IR 94 o e — B 58, 425 ) C/N
G39NR 20456 1 8) A FE (AAT B2 IR B ok W —fike
PR R B 40500 10,2030 f140 °C) , FFIAIR
BFEFE R R 38 o KI5 5% (R385 19 1.8S-1
AR EAT B T 8 3% | S IR BURE I 0 52 B i B 0D
{8, A5 H AR A &R 407 LSS—1 Ay A Kl th £k .

K H Design—Expert 12 & 7 1 7 ] A7 4347
pH . C/N B FR ) LSS—1 A= KA PE A 5 ma , LAY 3.
P A KA. S E =& = KF (pH:
5.7.9,C/N:2.5.8, 4% :20.30.40 C), HiA S %
W1,

1 NGRS T
Tab.1 Design of response surface experiment
75 IREE/C pH C/N{H
1 40 7 8
2 40 9 5
3 30 7 5
4 30 7 5
5 20 7 8
6 40 7 2
7 30 5 2
8 30 9 8
9 30 5 8
10 30 9 2
11 30 7 5
12 30 7 5
13 30 7 5
14 20 7 2
15 20 9 5
16 20 5 5
17 40 5 5
1.4 EBHhEL

BB WAL, 43501 SR 25 P06 BB ZE RN i S5 56
20 KA TS AR PRSI 854 7 3 BT T 500 mL )
FO A, A CE A SRR . BT RE T
AR s S W VN = RS ST L RSP QLN R BTN
o SCER AR 2 d e — oK, I I R T P Rk
M Fe™ Ve, F78E 30 do N T RAEE =Y 38315
JEE PR R S AN PSR A DR 6

AN, SR AR L, 2 dd— 0K, 4 BIHE 10,
20,30 d e Sz g TR R P R R F LS Ve R
T SRR T TR ) R R R X LU T ™=y
THELIE R . BEAh, 30 d IR AR M RE & FH 3R AE
FEY PR R
1.5 SmBRTG %

SR FH 408 S W b 73 1 G 3k i 6 A s v ) A R
e Fe Y BE SR FIA 4 L 7 12 Rl B2 (SEMD 71 X 4 &
R CXRD ) 73 B 85 ™ Wy AROMAE B A (A 45 4
SR JH R EE VR DN T B S e R

2 R 53t
2.1 LSS-14&KHinEZE
2.1.1 s

ANER IR S5 T LSS—1 B bk iy 2 K i 2k an 11 2
fias . ATRAE AR BRTE 544 T LSS—1 1 bR 1) A4
e i £ 34 52 B T e i B ) R 34, 91 H OD o Y75
80 h ZE AR B i KAE . 4R FIAF I IR 4 Sl PR — R i
if, LSS—1 4 KAF e, ODy (i I 1 35 51 0. 86, 1361
T A8 1 4l O 25 5 B L.SS—1 W e ) FH o JH At i Y %o
LSS—1 R A K A RO HE T - T —FREN> 2 R
B> 2 A, H 0D, fi 55 1E. 43 91 4 0. 79 ,0. 66 Al
0. 36,
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Fig.2 Growth curve of LSS-1 under different carbon

sources
2.1.2 pH
ANTR] pH £5 14 F LSS—1 B Ak 19 A4 K i Ze n 14 3
fiiR o ATLLE W, AT pH 24 F LSS—1 H £k 0D,
(4 5 K AH HEF A : pH=7>pH=8>pH=6>pH=9>pH=5,
24 pH=5 I}, LSS—1 1 0D, {4 0. 005~0. 007 , 15 1
LSS-1 7EMi pH 554 FAZ 5 A K s X pH Ry 6~8 ],
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Fig.3 Growth curve of LSS-1 under different pH
2.1.3 C/NfA

ANTE) CINAB 261 F LSS—1 bk 0 A K i 2 45
W, 24 C/NE S5 °h 2.4.5.6 F1 8 I, LSS—1 T bk
1 ODgoo [H I TE 72 h 2 A7 3K B e K, 4390 4 0. 81,
0.83.0.96.0. 79 F10. 81, AJ WL, AN [&] C/NE AT
LSS-1 AR AF I 22 A K, U LSS—1 X C/NAELY
SN HE 2
2.1.4 JHE

ARV 45 F LSS—1 bk Ay 2k K 2k fn 15l 4
FIiR

LOr w10

OD(wDO

0 20 40 60 80 100 120

t/h
B4 REIRESMETLSS-1BHkAEK L
Fig.4 Growth curves of LSS-1 under different
temperatures
ME 4 7] LA LSS-1 B R E 30 CHE A= K45
IR, ODg, it KAB 0 0.916. 4 B4 10 CHY,

LSS-1 ) 0D, ¥ 1H 4 0. 008, 1t B It 45 7F A ) F
LSS—1 4K, 4R HE 40 F120 °CHT,LSS-1 ) 0Dy,
B KAE A3 9 0. 866, 0. 849, i W 1.SS—1 () 1 1 it
FEVO R, HAELA By 0 it =5 e AE 77, X 0] g
HI T LSS—1 B RAA P 15 A it oo 1k 140 6
2.2 LSS-1&EKEHM®KL

K H Box—Behnken 15 11 i 1 i1 71 43 Afr 1 pH
C/NAELFIE BE 3 AN = P 28 BAE R X LSS-1 &
K2 m 5 AR AL A R LK (1)

Y = 0.86 — 0.033 84 + 0.108 5B + 0.085 5C —

0.075 3AB - 0.043 84C - 0.014 2BC -
0.158 44 — 0.3784B* - 0.118 4C’

(1)
A AR s BAGR pH; C UK C/N; YARER
OD¢gp0
2 45 1R 7 g T A A p (L F AN ]
I FRH ., Horb, p ER B BUAS B py v REME , H
(EL /DN i B ASE TR Of BB v o T Y p (L
0.000 1, A1t , 3CC1) AR RS ELAT A5 ey A MRS HE A
FelE. 2 TTH, pH  C/N (EFIIRLE Y E 2552
LSS—1 A AE R o He Ay 38 3 D /N L B9 532 M A
3 pH YRR R B2 A3 DRI #R
B 4 i 4 B, % LSS—1 A4 K S mi () HE R < pH>
C/N{E>IREE
&2 Box-Behnken B LI i& i+ E S
Tab.2 Variance analysis of Box-Behnken

experimental design

SgE| HIEES FiH pfi
A -0.033 8 27.29 0.000 1
B 0.108 5 282.09 0.001 2
c 0.085 5 175.17 0.000 1
A -0.158 4 67.84 0.162 8
B -0.378 4 22.93 0.000 1
c -0.118 4 2.43 0.000 1
AB -0.075 3 316.34 0.000 1
AC -0.043 8 1 805.60 0.000 1
BC -0.014 2 176.07 0.000 1
TE: MY F A =340.44; p E=0.000 1; ] & 5 %
0.997 7; ¥ % 2 $7=0.994 8; T Il Z $0=0.963 5; p<
0.001 £ B35 ,0.001 <p<0.01 ZRiEw B3,
0.01 <p<0.05EREE,

pH . C/N B F1 L EE %t LSS—1 T8 ik 2E K v 52 iy
(1) = e [ il AN S R . Hoh B 5 (a) R T
CINTE A 5 244, pH AR BE RS2 . 1T LA Y, Y
TR EE N 20 °C | T15] 28. 45 “CH, LSS—1 (1) 0D, {12
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PRIt , i 7 B2 0 pH 43301 4 28. 45 CHIN 7. 28 HHIA]
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K. FIE, 45630 a] DI & LSS—1 B BRI i
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Fig.5 Response surfaces of LSS-1 growth characteristics
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Fig.6 SEM photos of corrosion products under action of
LSS-1
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%, HAE 20 7 35. 56" B W5t ik , 6 Fe,0, 7 3%
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Fe,0, 5 i B, 23 145 J6 it ™= W e 0%, DT %o i —
A B AR R
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Fig.7 XRD patterns of corrosion products with LSS-1
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Fig.8 Variation of total iron and ferrous iron

concentrations under the action of LSS-1 and sterile water
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1 8 AT LA MY, 7K Hh VB R Fe i i 44 S 051G
THE 5 AR A a3, 16 d 43 391 38 31 fe KA 12. 56
mg/LA10. 31 mg/Lo AN, FEREANE phad B P, LSS-1
BRI A5 R A Fe? 3k 3 2 v T JE K, R
LSS-1 REMEAR BB il i) 2 A o Ar BT AILBE, iX 2
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B E AL Ry e, 21T 42 B o —FeOOH | y—FeOOH Al
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HA 29l M BERE B 5 B Bk R, 7
JE PR SIS AT 16 d, VRN Fe VR Y50 o HAE,
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LSS—1 FNIC TR /KA FH R ik 8% 4 28 Ak T 51 9
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Fig.9 Variation of corrosion rate under the action of

LSS-1 and sterile water
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