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Abstract: A study was conducted through a 1 200 m pipe reactor, which was used to simulate the
urban sewer system. Three-dimensional fluorescence spectroscopy, Fourier transform infrared
spectroscopy, microelectrode method and high-throughput sequencing were utilized to study the
extracellular polymeric substances (EPS) component content, organic matter composition characteristics ,
biofilm thickness and the reasons for the change of EPS content. The results showed that the EPS content
increased first and then decreased with the increase of the distance along the sewage network, the change
trend of the biofilm thickness was similar to that of the EPS content, and both reached the peak value in
the range of 600 —800 m. The EPS played an important role in the growth of biofilm thickness in sewage

network. Three-dimensional fluorescence spectroscopy showed that the main organic compounds in the
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EPS were tyrosine and tryptophan like substances. Fourier transform infrared spectroscopy showed that the
main functional groups of EPS were composed of amido group, carboxyl group and hydroxyl group. In
order to further reveal the reasons for the change of EPS content along the sewage network, high-
throughput sequencing was used to analyze the variation of microbial flora along the sewage network. The
results showed that the change of EPS content along the pipeline might be due to the change of
environmental condition in the 600 —800 m range of sewage network, which was no longer suitable for the
survival of Firmicutes, Spirochaetae and Fusobacterium, and made it disadvantaged and gradually
disappearing in the competition with other bacteria. Therefore, the extinction of a large number of

microorganisms and the autolysis of cells are the main reasons for the change of extracellular polymeric

%5 #

substances (EPS) content in the 600 —800 m range of the sewer system.

Key words:

urban sewer system;

sequencing

R 5 KA R TT 15 7K R G — A AR
A HEAETE TS K Tl 3 K RV RR 7K (4 AAE N ik 3et
TRt B EE MMM . 4RI KI5 H 25
FEE 3T V5 LA I P 2 A 4 K B2 Ak DR
SR BTG H NI 1T . Green 45 N 3 5 X —
LRI 15 K A HEATRIF ST, IS K 23 43
Rk Ja HA ML & A Bl TG KA I 4 i —
AEWREE , N R B4 ) bk T 25 Ak R B e A
BE AR A AEAE S Ozer 257 XF— MK 4 3 m
(95 7K A5 BEIEATRIT ST, S B AEE I8 o A 0 o5 7K o
AU LB T EA/E . Lemmer %5 IR
JKE R TR TR TR R BIF ST X G2, e SIS N A
AETE LR R LA B LR W, ELUE W 64 3 1
PR TR 8 R S o

N AN Ay (EPS ) 2 i 2B 4000 9 457 T 400
RIS ARSI AT —Fh KT REW, T
AETE T D BB AR R, QA= e 3% 5 R Rk,
G EPS R [ OR M T MR AU Y,
ARGk NOIER=Z AW N ERCE /I O N e VN
i 4 BEREME MR RN R B IR 2
L RETE R M LA I0 [7] 2 (it e U R R U, A5 1) T £
TEAE ) A W 2 v . RGO AT SR A M B BF 5
22 LA RS TR P LN SR A A X4, TR
15K W A M AN SR A I e A 4R . i
AR W XA R A e PR A 0 BB O T T % 2
STELRIAEIT , T AT REXS 5 7K ) 7K K BRI A Ak
SRR P G — S RS L TR I T 388 T 955 7K A8 IR o i o
RA Y E RS LR F BA T B8

P, EFHSr T — KR 1200 m 572K

EPS;

biofilm

high-throughput

organic component;

40 mm AUIRTITIE KA PSS R Gt , il ad Xt fE EPS
AP AT S T 28 DNA | =4E5OL K 3%
F-LLANETE AR AR BRI E , 5K
R I R AN RS YR S AL SR E AR

YRR IE K EPS & b B9 R R R T TR 5T .
1 MHS5F %
1.1 REEESHKKR

SR8 AT V5 7K A B SR R B AN
TRAUA TG ARVE A IO, A AR I | s AL
RRIR WEER — SN IR, T I AR AR AR REE |
BRI ER To/K AL S i on 3R . EKAEE 110
VERTR FABAU AR GETI0R, 228l s 7 0. 2 m/s, 7K
TIFRRIE S 2 he FE RGBT O T k40 A 1E UL
B BB TE IR MITETE I 7353 0. 5% F10. 6, $5
il S A JK pH BN 7.0 0.5, FoAt K 45 s 4
1R,

F1 BRI HIEKKE
Tab.1 Water quality of simulated sewage
mg - L™
m H COD TN |NH, -N TP DO
Bl | 340 £20 | 405 | 385 8+1 |0.3+0.05

1.2 B#EAZ®

I T G K B R G i S fe g 81T 6
A BE 6 AIURE T, X R A9 IR B 4337l >4 200,400
600.,800,1 0001 200 m, E W RAETGK, 25 0.45 um
it R 2T A4 A 38 98 J 1 4 2 COD (TN TP . DO . pH {E
S5 FAE AT

TR MR A A A, 3T BBORE 11 1 ity P 4 )
(AT ML BB B, P B8 308 4 T B ) A A A 484

.31 -



F35% HSH

b OE 4 K HE K

www. cnwwl1985. com

BRI TR — MR SR I |, G 5 7S 3
—40 CyKFEHORAFE ] o
1.3 EPS fJi2E

AR A AV RRIR AW 30 mL, 7£ 4 C |
4 000 r/min T g0 15 min, £ B A=Wy B0 75 25 3G
W, ADFERER Eh 22 v (PBS) % 30 mL, 60 “C/KiK
L 20 min J5,7F 200 r/min FHEFEEEEC2 h, 5 )5
10 000 r/min Z5.0> 15 min, B W LAAH R &0
B0 15 min A8 B PRI 0. 45 pm JEIE
1.4 SHAE
1.4.1 EPS /3#r

LA 1Y) i 38 AR TR 2R R AL
Horp, 8 BRI 19 Folin — 38 70 16 0 %
DLAF LY A 1 R B 9 O 5 2208 SR U L €875 )
SE , LV EREVE ARIE S s DNA A1 ] Z 28 ek il 7
DI/ fit DNA SARTE b
1.4.2 W NE)R RS Hr

IV P B D s A TR PN A A P B R B
R W B ik VR S B, 1 8 B AR W) TR
T8 Je Wb A R ARR i, A W ISl Bl P B 57 375 DA
M5 AT H TR A
1.4.3  JO06IE

SOOI R FH 52 FP6500 #7556y
JECEETE, M BB AR i B 2K B ke, —4E5 6
TR IS (Ex) 2 200 ~400 nm, & 514 (Em)
9250 ~ 500 nm, 45 B 4 5 nm, 51 K
2 000 nm/min, [RA]ESRGIGER 207K , VE R IR IE
1.4.4 205N EiEs

ZLAMEE (FTIR) 73R HI A /& IR prestige — 21
RULZT AR O G RETE . B2 R EPS #¢ 4 B T8 TR
THEALRT 48 h J5, SEAT L0 ARG o b, DO
TETEFE A 4 000 ~400 em ™' HHKECH 10, MR A
Tk e WSO A 7 2, R T I E R o TR S A R
ZiELT a8
1.4.5 Sl e o ar

K FH 454 SRR DN 3 X4 X A 00 RES 2R A E 11 4 AT
HEAT AT . AR I B S AR E AR A
PR B S8 I, AR A AT 3 R PCR N, I 3
ASPATRE A3 AT
1.4.6 W HUKBTHE bR ry I e

COD TN TP NH, — N 4534 5% J [ A5 ik 0 5
pH {E 1 DO/ORP/i B2 43 5l R FAE #5 =X pH 1 i

i {5 2 S A T I E o
2 #R5d%
2.1 WHisKkEMAPRIMNREMIEEENL

K 60 CnAASR Bk X 48 0 1 e A= 0 1 g 411
REWHATIRE, HAMBE R R B R EPS, [F) i
XTI BRI BE W R/ o EPS 510 B A 19 B S 1
BB A AR B AR AL I A 1 RTR

80 m &1 m

701 @ Zp -
~60f O A EPS
o

TS0t ODNA
ot
30t
% o0l

HITINS

/ n -
10} g;: 7R N "
200

600 800 1 000 1200
W RERE B /m

400

& 1
Fig. 1

EPS EEASSEEEMPFMIAETK
Variation of the content of EPS components in
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Fig.2 Changes of biofilm thickness along the sewer system
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Fig.3  Three-dimensional fluorescence spectrum of EPS
along the sewer system

2.2.2 AT

L2063 (FTIR) 2 T 058 A HL 45
Hag, JEHZ XA L) P s s B RE AT R AT AR Y
FBo AFMA N E REMIAT & 5 E R LLAMR I
KB 707 A Sk A B 4R Sh I 20 2050 18 v A
WO HEA TS L, st ] LIS A B Y 23 5 S5 A 2R A 2
PRI, IR BT XA AL 1 Y PN B 45 F B v S5
PEATIE I B — € p T Sk, BE T, SR A
LT AETE XS 48 U R AR ) I EPS b 32 52 RE 1A
HAT T

LLAMEIE (JLE4) H1600 ~1 650 cm ™" AL
AR IR WA Jeg 2 1 B A, R e R AL B )

.33 .



F35% HSH

b OE 4 K HE K

www. cnwwl1985. com

Hifl—C = O %Pk sh FI—NH, 25 i iz 3 7= A 19
1 400 ~1 430 em ™" &b W Wi 2 it ol SR R 25 ) O—H
TR B E P C = 0 MMM AR B R,
950 ~1 125 em ™" yiu P A W S 06 2 v R K A 5400
ZHERY T C—O Mg iRsh 5 m, & 221k
A SIS0 500 ~ 900 em ™' 18 [l P A4 I i e
A=A NE 4 0T LA, ENAY
i EPS 3222 BE ATy ok e ik R L R SE AR ALK,
1 600 ~1 650 em ™' 35 [ P (14 16 158 W 4 2K 14 SR A7 7
950 ~1 125 em ™' 35 Bl P (14 W8 B A 2 W2 R AT
e, B WA= W) B8 EPS 1) 3 2 4 R B A R &
Wi X —%5 R 5 HAh SRk BT BUA 1Y EPS E 2
B TR Z2 W 2H R, B 2 R 9 o B A b X — 4
B3 MU EE EPS T AR g i g 11
A BB ], 156 B T R B A 3R G v B RE
P RUAR L ELAS AN, Bifi 25 7 P VR R B8 35
1 600 ~1 650 cm ™" iz [ P A4 MR MACUEE 8% 8 B — 72 1Y)
MR, H A 800 m Abik B 5 K, iX 3R AR %3
WA EPS LR A& A BT

M
ol B
1000 m

4000 3 SIOO 3 600 2 SIOO 2 600 1 SIOO 1 600 560
B /em
B4 ERIBEMINESWEE BRI
Fig.4 Fourier transform infrared spectrum of EPS along
the sewer system
G YOOGS A B 2L o3 4
AT it o A DR ) B K DU R 1 B 7 D' T B AN I
HaaE  BEHRAL A Y S BB N, 7 A X — PR
Ji DS AT B T I A R N B R A TR
YT R RN AR S
2.3 HWHEKENMMEDEEST
JL A1 5 0 2 A e o R AR A RV FH RN 240
H AT BB T i BE SR Ko F R I 3
Yy, i LIRSS S AT A W b i EPS R DNA & 1Y
#£ 600 ~ 800 m ¥ [l S TEH &, 177 DNA (4 1 3
BRI T UM A R, X AT AR B T W iR
VIR RN & AR T A8 4k, 38 R o A ) o

T2, TS RS W EPS (48 1k . PRI SR HH ey 36 o )
J o 8 P AR AR W B RE R A T 1 20, DU R ST i
BT EPS & AL 2N

S Jrs 28 I P s e T 1K R T R AR
XA . WS KA W b ) R TR AR T T
["T1( Proteobacteria)) KT ] ( Bacteroidetes ) | JEBE T
["T1( Firmicutes) M2HE ] ( Spirochaetae ) FIARFT B[]
( Fusobacterium) , H AR 0 ~ 600 m 3 [l PN H AR X
FJE AR AN R, AR T2 B 43 AR 48% . 25% |
18% 2% A 1.2% 2247, M AEE W 600 m 3| K @i
BRI A TR T AR 2 B R A T BRI A2 4k, Herh A2 1B
BT TAYARXS F2 B2 7 600 ~ 800 m i [l P 25 15 i, 76
800 m Kb HAHXT 4= FEIA F 70. 78% ; AT ] JERE
PRI Y R VAT 1D IR AT 11 1] AR X 2 B 1 BRI
FCrh T BT TR AR S B2 DA 600 m 4Ry 22. 91% [
% 800 m Kby 11.03% |, JEREER [ A AE XS 3 B2 7E 800
m Qb & A BE R, B 600 m Ab 1Y 15. 67% FE 2 AUA
1. 5% SRR [ T HARFT R 1] AR XS 3= BEAE 800 m Ak
BIRER 0.5% LIF o XU, 8 MRAE M REVE 7E 800
m ZEAE N R A T

m H b ® Fusobacterium M Spirochaetae

B Firmicutes M Bacteroidetes Proteobacteria

100
80 N B ==
IS
o601
e
' 40t
=
20+
200 400 600 800 1000 1200
TR 2 /m

BS EMMEMEZEEREXNFEE

Fig.5 Relative abundance of microbial colonies along the

sewer system
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