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Biofilm Formed by Sulfur-Oxidizing Bacteria in Sewage and its Effect on
Micro-Properties of Mortar
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Abstract: Biofilm and the microscopic properties of mortar were investigated by electrochemical impedance spectroscopy, scanning
electron microscopy, thermal analysis and X-ray diffraction. The results show that a mature biofilm can be formed on the surface of
mortar at 30 d. In a macroscopic study, the biofilm is a transparent and viscous substance containing white matter. In a microscopic study, the
biofilm is a film structure formed by rod-shaped sulfur-oxidizing bacteria wrapped with extracellular polymeric substances (EPS). The
biofilm on the surface of 90 d mortar is in the disintegration stage. The thickness, protein optical density (OD) value and microorganism
number OD value of the 30 d biofilm are 1.59 mm, 0.086, and 1.614, respectively, which are higher than those of the 90 d biofilm. Based on
the results of a microscopic study, the plate-like mineralized gypsum gradually occurs in mortar, the semicircular diameter of the first half of
the electrochemical impedance spectrum gradually becomes larger and the inclination angle of the second half of the straight line becomes
larger, and some pores in mortar fill with gypsum when the test age increases. Compared to the 30 d test age, the 90 d gypsum content is
relatively larger, and the 90 d adhered biofilm dehydrated content of gypsum is 0.248% greater than the 90 d unattached biofilm dehydrated
content of gypsum. This indicates that the biofilm formed by sulfur-oxidizing bacteria could have a corrosive deepening effect on mortar.
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Table 1 Compositions of culture medium g/L
KzHPO4 KH2PO4 (NH4)2$O4 MgSO4 MI’ISO4 CaClz FCC13 NaZSZO3
4.00 4.00 0.10 0.10 0.02 0.10 0.02 10.00
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Fig. 1 Macroscopic morphology of mortar surface
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Fig. 2 Ultra depth of field microscope image of biofilm
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Table 2 Compositions of culture medium

Time/d Biofilm thickness/ mm OD of protein  OD of microorganism

30 2.13 0.230 2.854
90 0.54 0.144 1.240
2 000
—=—30d
—4—90d
1500 1
r=893.3 Q2
G
= 1000 r
D
500 |
S
Or 0=55.27°
0 1000 2 000 3000
Z/Q
(a) YM

YM is biofilm sample; QM is without biofilm sample
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Fig. 5 Electrochemical impedance spectroscopy spectra of samples
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Fig. 6 XRD patterns of mineral composition product

0 10 20 30 40

2.4 SEM ©#f

TRAFIZ AN (RS 3 S AN [R5 AL R T KA = P )
TSR 8 Frs. M 8a AT LAE H 0 d B #I LUK
EERIK AR RRES A0 A R EE A 9 3 . A 8b AT
8c MTLAE HH, 30 d Pf5 A=Wt R AE P9 3R 1 4 bk
T IRERAKEERRES LASL, T XISt — e i
BORYT, {6/ EDS 204 T X384 b SRt 4
R 9 fim. WE 9 WLLEH, TXIEH b ftk
%H Ca. S\ P. O. C, MHLL Cay S\ O X 3 Fh
JCER AN, AT LAY HI X 2 B BRI N A E
— R, B OISR 2 HOR Bk R
BORFEAS . AT PA e T Xh AT AR, 1X
B0 UL 30 d B & AR PR RS 2 N SR S A 2
HETAE . 30 d AP A IR 75 9 38 (14 )
FE DU BER KA EERR B A IR A S T, KK
DA B, ME 8d fild 8e AT LA H, 90 d FHH#
AR RN AR B AR D SR P S0 AT 4 380 H R
TR A B T S R RSB 7K A ek R A R ko
B>, 90 d BB AP ERFE R A E SR R
ZF 90 d KM E LD RN T AT S 7. X
Ui IR I R ARG, A B SR
SR 2, MEE ST A E S B E T
KMEEVREAE S E. SR RS RER &
A R I S A AL SR A R R AR At B, LT
e B K B PR B R A 8 1 FF S b S 3R i R R SRS
KA AR Z A, NS0 5 FL R 1H
7, WOMAEAESE. WEEABRREERNR,
TR, BEIK 2 — e A2 B 5 B0 J 3% 24 0%
Wo ZE LRI, AT LA A A B T R AR
JEE b S B A TR AR A FH



249 B 6 W

1235

Mass loss/%

Mass loss/%

SRIE S V5KIREE T BRSBTS 00 A Pt e e LS R 252 1 ) 5 .
100 100
08 ~ o8 \290% 1016
£ SHe21953 C
96 g 9% 21018 C 1o.12
S X
94 S S %
- IG
) % g 92t 10.08
90 R
2 21453 C 0.04
88 & 88t e
= DTG
86 ' ' 0.00 - .
0 200 400 600 8, 200 200 600"
7°C 7°C
(a)0d (b) 30 d with biofilm
100 100
0,
08 10.16 ~ og | 1.255% 10.16
\': (€|
= d 21420 C
% 1012 § 96 | 168.10C | & lon
e X
94 3 S 94+
6 loog & 2 1
1o. p 10.08
22 2 g0 190,64 C
90 £ =gl
0.04 o 10.04
88 i
o = @ e e
86 ' - 0.00 . )
0 200 400 600 860 200 400 60(())'00
77°C 7C
() 30d without biofilm (d) 90 d with biofilm
100
osl 1.007% 1016 _
AN 208.78 C £
L% 16742 C [ 012 E
s TR
3 %t g
g %2r 0.08
= g
90 189.76 C 5
4 1004 7
88t \/\\ /\1 | —— DTG > | =
86 : : 0.00
0 200 400 600
7°C
(e) 90 d without biofilm

K7 AHEBKEER TG-DTG
Fig. 7 TG-DTG curves of gypsum dehydration content

(a)0d

(b) 30 d with biofilm

Mass change rate/(%-min™")

Mass change rate/(%-min™")



CRERR &1

J Chin Ceram Soc, 2021, 49(6): 1230-1237

2021 4F

(c) 30 d without biofilm

o

>

(e) 90 d without biofilm
8 R R R A FFA R K™ SEM FE v

Fig. 8 SEM photographs of surface hydration products on different parts of specimens immersed in different ages

6+
O
24t
fa Ca
= PS
oL
C
Ca, |
0 bl L s
0 5 10 15
Energy/keV

K9 b et
Fig. 9 Energy spectrum of point b

3 &% %

1) SRR VI I SEARFAED FE I, 7RI
BT 30 d I, G SR BR A AL A B AE D IR R TR
SEFHIAL 2 A BRI AR, WL 5 i B
RIS BAT € SR KB W] HLIR A B G s
R, MO TR I A VIR AR A AL
M W EAE EPS IR — BS54 o Bl 16 i )
ISE R, AEMIRERE 2 ISR B A B B A2
(7 IR A5 P LA 2 B T vk mT A AR B B A
W B 8 5 IRV RF R, 2053 T DAt A V) R e

(d) 90 d with biofilm

Gypsum

;

W SRR T, I SRR ISR AU A SN,
XD SR AN SR RE FE o

2) Rl IR AL B A B A A0 T K TS K
AR T BCIRI A . BER R I, bR
R A R IR SR S IR S e NIENEE S
o> ELARMIURH A AR K, W IR B S =BT
%, 1A B ASEA) FUE AR, AL
W IHTE. SAh, MR EVIPOB R A
BEEURNEEMPBN AT TSRS,
X7 73 Ut MBS 2 T 2 1 1 A D R D SRS 2
g vk

S0k

[1] PARKER C D. The corrosion of concrete—Isolation of a species of
bacterium associated with the corrosion of concrete exposed to
atmospheres containing hydrogen sulphide[J]. Exp Biol Med Sci, 1945,
23: 14-17.

[2] TH AER M. Wahshat sulfur mortar and polymer modified sulfur
mortar lining for concrete sewer pipe[D]. Iowa: Towa State University,
2001.

[3] K/, SRk KB A A LIRS R ). T
FHEFER, 2006, 9(1): 52-58.

ZHANG Xiaowei, ZHANG Xiong. J Build Mater(in Chinese), 2006,
9(1): 52-58.
[4] De BELIE N, MONTENY J, BEELDEENS A, et al. Experimental



249 B 6 W

ey

SR S

157K IAIE N B S8 A 2 i T RS ) A D RS X R S e P S i .

1237 -

(3]

(6]

(71

(8]

(9]

(10

]

(1]

[12

(13

[14

(15

]

research and prediction of the effect of chemical and biogenic sulfuric
acid on different types of commercially produced concrete sewer
pipes[J]. Cem Concr Res, 2004, 34(7): 2223-2236.

SRNE, AR, SEM, S TSR R EE L MR it A
HERE[T]. RERR ER224R, 2021, 49(5): 1-13.

RONG Hui, YU Chenglong, MA Guowei, et al. J Chin Ceram Soc,
2021, 49(5): 1-13.

i, Wi, EEHEAE. REEE A ). A EHER, 2002,
16(10): 42—-44.

HAN Jingyun, DAI Chao, GAO Zhihai, et al. Mater Rev(in Chinese),
2002, 16(10): 42-44.

LI Xin, LIN Xujian, LIN Kui, et al. Study on the degradation
mechanism of sulphoaluminate cement sea sand concrete eroded by
biological sulfuric acid[J]. Constr Build Mater, 2017, 157: 331-338.
YANG Y, JI T, LIN X, et al. Biogenic sulfuric acid corrosion resistance
of new artificial reef concrete[J]. Constr Build Mater, 2018, 158:
33-41.

XIE Y, LIN X, PAN W, et al. Study on corrosion mechanism of
alkali-activated concrete with biogenic sulfuric acid[J]. Constr Build
Mater, 2018, 188: 9-16.

SABOUR M R, DEZVAREH G, BAZZAZZADEH R, et al. Corrosion
prediction using the weight loss model in the sewer pipes made from
sulfur and cement concretes and response surface methodology
(RSM)[J]. Constr Build Mater, 2019, 199: 40-49.

ISLANDER R L, DEVINNY J S, MANSFIELD F, et al. Microbial
ecology of crown corrosion in sewers[J]. J Environ Eng, 1991, 117(6):
751-770.

AVIAM O, BAR-NES G, ZEIRI Y, et al. Accelerated biodeterioration
rates of cement by sulfur-oxidizing bacteria as a bioassay for
evaluating immobilization of low-level radioactive waste[J]. Appl
Environ Microbiol, 2004, 70(10): 6031-6036.

BIELEFELDT A, GUTIERREZ PADILLA M G D, OVTCHINNIKOV
S, et al. Bacterial kinetics of sulfur oxidizing bacteria and their
biodeterioration rates of concrete sewer pipe samples[J]. J Environ Eng,
2009, 136(7): 731-738.

FLEMMING H, WINGENDER J. Relevance of microbial extracellular
polymeric substances (EPSs)--Part I: Structural and ecological
aspects[J]. Water Sci Technol, 2001, 43(6): 1-8.

AR A B A SR G A SR A AR 290 DK O 2 T VR B B L B
FIRIENLHID]. BB iRk, 2018.

LIN Di. Adsorption and aggregation mechanisms between
bacterialextracellular polymeric substances and soil minerals
andnanoparticles(in  Chinese, dissertation). Wuhan: Huazhong

Agricultural University, 2018.

[16]

[17]

(18]

[19]

[20

[21]

[22

(23]

[24]

(23]

[26]

[27] #%

Lo, IR U A BT AR AR Y B R R ML D] 3
R AK, 2017,

MA Wenting. The processes and mechanism of bacteria biofilm
formation in the presence of soil minerals(in Chinese, dissertation).
Wuhan: Huazhong Agricultural University, 2017.

ZHANG X, BISHOP P L, KUPFERLE M J, et al. Measurement of
polysaccharides and proteins in biofilm extracellular polymers[J].
Water Sci Technol, 1998, 37: 345-348.

HU Z, JIN J, ABRUNA H D, et al. Spatial distributions of copper in
by scanning electrochemical
Environ Sci Technol, 2007, 41(3): 936-941.

GUINE V, SPADINI L, SARRET G, et al. Zinc sorption to three
gram-negative bacteria: Combined titration, modeling, and EXAFS
study[J]. Environ Sci Technol, 2006, 40(6): 1806—1813.

FLEMMING H C, LEIS A. Sorption Properties of Biofilms,
Encyclopedia of environmental Microbiology[M]. New York: John
Wiley & Sons, 2003.

KONG Lijuan, LIU Chun, CAO Mengfan, et al. Mechanism study of
the role of biofilm played in sewage corrosion of mortar[J]. Constr
Build Mater, 2018, 164: 44-56.

SOLEIMANI S, ISGOR O B, ORMECI B. Resistance of biofilm-

covered mortars to

microbial biofilms microscopy[J].

microbiologically influenced deterioration
simulated by sulfate acid exposure [J]. Cem Concr Res, 2013, 53(1):
229-238.

SNE, EEDe, mALERSE. V5K EIR IS TR EE L AR R
FE[I]. VREEL, 2019, 362(12): 18-22.

RONG Hui, GAO Ruixiao, GAO Lixiong, et al. Concrete(in Chinese),
2019, 362(12): 18-22.

M, R, SRR, S BUERERR T A B TR RS R K e
RWBA[I]. EFRLEEAR, 2006, 9(1): 19-23.

XIAO Jia, DENG Dehua, ZHANG Wenen, et al. J Build Mater(in
Chinese), 2006, 9(1): 19-23.

R, WER, EFE. SNFRAE MR- &K IR KT
). SRR, 2014, 17(6): 965-971.

YU Baoying, GAO Yuxin, WANG Jun. J Build Mater(in Chinese),
2014, 17(6): 965-971.

Mo, 25, PNEME, S5 SITRETAR #hR h R KA KA
HHBBIIL]. BRI, 2018, 37(5): 1515-1519.

YANG Xuguang, LI Yan, SUN Daosheng, et al. Bull Chin Ceram
Soc(in Chinese), 2018, 37(5): 1515-1519.

HoogkEEn, FREIA, S5 S REBERAIN KA SR A K
PS5 RIS SEMALT]. RERR 5L %441, 2006, 34(6): 723-727.

PENG lJiahui, ZHANG Jianxin, CHEN Mingfeng, et al. J Chin Ceram
Soc, 2006, 34(6): 723-727.



