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Abstract: Prevention of pipeline corrosion and safety accident is an important direction to improve
the quality and efficiency of drainage system, and harmful gases such as hydrogen sulfide ( H,S) and
carbon monoxide (CO) produced in pipelines with poor ventilation and dark environment are the main
causes of accidents. Aiming at the problem of harmful gases generation in sewage pipelines, a new
method to control harmful gas generation by creating similar open sewer transport environment in sewage
pipelines was proposed, and an experimental model of simulated sewage pipelines was established to
investigate the effect of light on harmful gas control and sewage quality. Compared with sewage pipelines
in dark environment, concentrations of H,S, sulfide and CO were reduced by 47. 2% , 36. 7% and
59.8% by illumination, indicating that the generation of harmful gas was effectively inhibited in the
pipelines. Meanwhile, concentrations of COD and TN decreased by 12. 0% and 5. 0% , respectively,

and the carbon to nitrogen ratio of sewage did not change significantly. Biofilm microscopy indicated that
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illumination altered the microbial community and promoted the growth of algae to form bacterial-algal

aggregates in the pipelines. Algae growth would release oxygen, change the anaerobic environment and

inhibit aerogenic anaerobes in the pipelines, which was the main mechanism of controlling harmful gas

generation by illumination. The light environment can provide technical choice for controlling harmful gas

in sewage pipelines and new ideas for urban drainage system planning and construction.

Key words: sewage pipeline;

bacterial-algal aggregate

FERESRMET K E B R G A Ak )
ST I SRR O R R A R B
A JFH (SRB) AlKE5 K P SO IR 87, B
LAEEIEN A H,S CO SFAHFAUR, XS ks
FEAE R S A E , EXP AR —E e ik
Aok H,S BSE A LA, B T H,S kg
ISP 5 ot B T ft R £ 7™ 52 ), HEZK A A H, S S,
AP T T 30T 1 A JR R G S EE

X H,S AR B & H 2 A U 2 7 2.
Gutierrez 252 7> 45 5 1 1 A SRR & pH (B R
Vit 9 72 2, Zhang 251 5 1o 4 0 2k £k 400
MR DR AT TG 7, Bentzen 250 35 T FH A R
KPR N H,S M A R T
bR A R R 1 B8 I =R A Ok 4 ) HLS
FR 7= A, X B it AR X HL S I il — 2 ROR
ER AR AN [R) R B b Ui v e 1 25 B 7™ A AN A5
M, T L Ak 27 o 3 R A AR R AR
I, 4R B — PP RES AT A A AR HARVER 8 %)
TR BRI/ N T B O

IR Sy — T 7K O =X, 72 BOT U5 R 7]
PAFE 35 A 52 SR B G R fih , DA b 4 ) B/ 0
W RAEFREE o TECPREE T ik i 7KK b i A=
KEE AAAEEE I BRI Bl ) 55, b sl e
AT LG LG G AR F 7 A S0, Al i T T A 1R
FIREARA AL, R R, A B 7= A i — S AR iepl
FE R 3 o A R B T A 3 T A R
0, TR UE B IR RO A (I 4ACIR O . S TR A
A I IR R A, B H TR RS A 3R T A
157K B B T I W B IR B R U v, AR B %
TKEENA FH ARG B, TEARDE, A
VB I W ARG 8 A A A T TR O AT
PRHETG K A A BB AR TR R B SR AR A
F G A R E A AR IR AR
Ve, 75 H,S S5 AR . Z i AEFR O

illumination ;

hydrogen sulfide; sulfate reducing bacteria;

PRI, 2 Rl 2w B9 R, W6 T DL
PEBERA A R AL A 7 S, AL A HLT R B
FURIT, A OB 15 7K A8 T8 N AT & R il B IF 5
AR R, TRTOE R A R RSO R A &
HE N BHATHEBOCIRIAE T i K EER
G, $E A ORI I SO AR R G, 2 H A F
FEAETG KA T8 B S G PR SR M A F ARy wT
A, HEADOE BTG K H s Qe BRI . 53
b S I AR A A o0 B SR T e R A
AR

1 AL
11 RBEE

H T 5 KA T N R RO, AP AR X
Sk, PRARCTA B AR TAE RIS S BE AL A5 A
AR R BB TR =S ], DAL TS KA T
PRIE S T ANIET 1 7 B PO A 2R B o SN A A
A LB, SRR 1 LA RUAR 0.75 L,
S FAEAR, EAR D 80 mm, 5 200 mmo AR
DG REFRIE T AN [ 12 fh T ARG ¥ /KA 3 A ARG
SO A5 AN ) R 4 [ A AR SEORE OB A 4% S
BURN R Z LG5, LR Y 900 m’/m’

=

L+
= x’/ R S
Tk LT SRR 4
e flF il
T+
5 :

Ry

R(I 1 RCZ

4 °C—25C

1 ERE
Fig. 1 Schematics of experimental setup
R KRk K R
RIBEA 6 D Nige, 7 BB 3 8L, fn
1R Hob Ry R SOBEas VR xS BRAH 30 & A5 1

1.2

.20 .



H3T A H11H

T OE % K H K

www. cnww1985. com

SRy PRI 5 A ARLI T T K A T 1) B IR PR 85 5 R
RoVE NS, Ry, B N HOC IS HRZE R
TR SEDRHEE S (25 P A H R R 900 m?/m® 3
B FSRASEADL O L A 3¢ fk T AROx 35 7K 73 1 52
Wil , R B0 25 SR JEE G 251, IR DA 32 DG IR
ETJ‘H/‘J{%ﬂ(%JE, Rs3 %ﬂ R%?Ejffﬁtgﬁéﬂ s Rs3 ﬁﬁ%ﬁ:
NEEIRGT HRJZ JCBURHHE I, HISR AL H /)
F f T RRON 5 7K B TE SR, R, B 2R RIS 2%
1, FRAAD AN 52 W6 BEAR A T5 7K 4538

AT K SOV A HICELAE 4 °C B okAR TR LA
W PR K BIRRE , FE7K G A B S A 5, AT i St
7K 5 BN g3l i HUBCREPE A , 2 3800 200 1/min,
WA TE A 0.6 m/s YL HE ; il FEHE I 7E 25 °C, K
JHEREISES 1 h, ity 12,5 mL/min, 35055 4 ]
70 d, #ESEE R EE Y 1800 Ix,

TER) I A= W R 45 5 B B, 4% S L s B B AR PR
BT . AEWIEERS 35 i HI TS K B 2P A v e A
I IEREAFAE DA b LABIT 1R LR AR5 H 15 KREA
BASRILEE 847 3 d 5, G AR i 5 K 1T 1 2
K U E & TR AR, N LS AR 15 75 7K 1 COD
TN .NH, —N.TP #4355 (360 +15) (45 £5) |
(20£2) (7.0+0.5) mg/L,pH{H} 7.5 0.5,
MR A 200 mg/L, NH,Cl % 60 me/L,
Na,HPO, - 12H,0 >} 25 mg/L,NaH,PO, - 12H,0
25 mg/L,KHCO, 4 50 mg/L,NaHCO, 4 130 mg/L,
MgSO, - 7H,0 >4 50 mg/L,MnSO, - H,0 52 mg/L,
FeSO, - 7H,0 & 2 mg/L, Jo7K CaCl, i 3 mg/L, [§%
B2 30 mg/L, JREA 30 mg/L, FHH KA 20 mg/L,
REHE AW 20 mg/L, B H RN 20 mg/L, %
FUH 20 mg/L,

1.3 SthAaE

TEME K TS HCZ AT, YoM 0. 45 um G R ET 4k
RNt DE SR K RE AT UE B B 2
R IHRREL A B E AT E M COD 285 3R AT I A bn
WD N E , B30 24 h R — . M ZECR ]
M40 AR XN 7E , 45 24 b 450 —K H,S F1 CO
W

L T B DG A WL A P
AL RSEET o AWy 2s AL o3 A Tl A B % B 25 A= )
MR A B TSR IR L A Y I 3 i T
4% W2 P [ E 6 h LA b 18 8 & 4 1Y A= ) i
F 30% .50% .70% ,80% .90% ,100% Wi 45 15 7K

O EE PRI, BV BE S MR AT [R] A 15 min s 58
KRS © RS IKER =1 ¢ 1 PIE R
HE R S min, FE7E 100% 2,18 S 1% R Wb B4 5
min ; JEE AT A P IR e e R, FE R B T
e LA 5 7 38 AU A AT, XU 9 A 9 TR
JSM - 6510LV R Hli 7 @ i b AT e
2 ZRHyH5tie
2.1 SEEXIH,S F1CO |EA =M

XFHRZH R Fikgm gl Re [ s /K H H,S 1Y
AL 2 i M 2 ] LR FE R N AR e
BATYIL, A ROV A I H, S W B I A, HL AT T
B 2H Ry, 19 H,S VRERE 55T Ry, 3% A BEAE H T 9] 30
SV A B IETETE Bt B2 v, DR AR BE SS U W DA K
PEAR B A IE DR TS, HS VR RIS A S
FEARAR G 2 i R W a5, 7F 16 d 5 45 N 25 1)
H,S Wk T0E, H Ry LT Ry 4. XTI
Ry, 19 H,S S 2 0. 36 mg/L, ik a4 Ry, il Ry,
(RS- 2473 5 43 31 Ry 0. 19 A1 0. 25 mg/L, 5 X%f IR 4]
Ro AL, 5 4 Ry, R 1Y H,S ¥ 43 I B AR T
47.2% F130. 6% . FIRFEICIRXS T WeT5 /K E B H A
FAARPFZIR K TR R (R A R, 1) H,S Al
CO ¥ B, i 2 (b) firow, Tl IRl Ry F1 Re, /Y
H,S W BEIMIR T3 B4 Ry o

0.7t
= 06F

HRy B Ry ERg

H,S W%/ (mg- L.
°c oo oo
—_— N W R W

(=]

24

32 40
t/d

a. L
B Ry, @Ry

48 56 64

ERe

8 16

24 32 40

t/d
b. T

2 RRZEEH H,S RN
Fig.2  Change of H,S gas in reactors

v CO AR AR &l 3 frs, €O <

48 56 o4

- 30 -



www. cnww1985. com

YR B PR AL E R e

F3T A H11H

MR R E L H S H,S SRR, R, 19 CO -1
{ZUE%J 0.18 mg/L, 5 R #H Hﬁ,R51 Rg 1 CO {KE
S REAR T 59. 8% F152.3% , Ry, ) CO ¥ JE H, Ry,
% 7.5% . 523 b e B SE B 52 ), T Ui il g 41
R, Ml Rg, 1) CO ¥ IART X IRAL R, o
0.30 ER, WRy BRg
7 025¢
?éoo.zo -
;E; 0.15
¥ 0.10
(@]
“0.05
0

8 16 24 32 40 48 56 64
t/d

a. it

0.30 BR., MR, Ry
025
-
£00.20
= 015
®0.10
o
“ 0.05

8 16 24 32 40 48 56 64
t/d

b. i

E3 REEH CO SEMEL
Fig.3 Change of CO gas in reactors

H DL R 25 SR B, RN A AR E B RS
PRI 7K A8 8 TR A AR U B AR T R G A B
(1, B R AR A 18 v B 1 G B BT AT DRI
SARBIREL, I H i B BACR AT DS
T B BEAh AN R A fih i AU B 2 A5 e [ 2R
2 fb T AR R 4 i OR B4
2.2 SERXS’FSO; By

Re il R 4150 #% K v S°7 (28 fk &l 4 fr
Ro TER A FEEEFT 20 d B, R 4189 S° 7 F- 2k
FESRFN 1.5 mg/L Ze A4y 9F #a FHase, i B Rg 4160
STTHREERR T Re 41, XHRZL R, (19 S° SR E
3.0 mg/LiRE4 R, Al R, 19 S° 7 S99 B 43
1.9 f12.0 mg/L, 5 R, #LL, Ry (R 19 7 Wk
Sy BIREAR T 36. 7% Fi1 33.3% , T H. Ry, 19 S°~ ¥k i
T R, 3150 B AN [] 108 422 fh v AR A2 2 19 5% i) [
. NBETOLIXT i KSR ST R, K
M TR Ry R Fl R 19 S° 7 ¥R, 45 R B/, i
IR Ry Ml Ry, 1Y S°7 MR EE SR T AT A Ry

5.0 EHRy B Ry ERg

Sk rg/(mg L

10 20 30 40 50 60 70
t/d
a. [iF

50t ER, ER, ORy

SHf rg/(mg -

10 20 30 40 50 60 70
t/d

b. T

B4 RE#EHS MEL
Fig.4 Change of $*~ in reactors

Re 1 Ry 2R 1K H SOL™ (AL LI 5

40+ Eif/K ®BR, BERy BERg

10 20 30 40 50 60 70

t/d
a. biF
40 mil’k mR, BRy, HRy
35t
Zo30f
25}
&20-
& 15
“S 10
un 5_
0
10 20 30 40 50 60 70
t/d
b. Fiif

B5 REgEH SO; KTk
Fig.5 Change of SO} in reactors
R K SO;Z[ SEJHREE R 29.0 mg/L, R, (R
Fl R Bt 7K SOL™ PRI BE 43 5 4 149 (18.0 Fl
17.6 mg/L, X 4L Re, 19 SO;~ W FEHE H48. 6% , 5



v E %

H3T A H11H

A K HE K

www. cnww1985. com

Ro ML iR 5020 Ry, (R 19 SO5™ HAERNTHIREAR T
10.7% F1'9. 3% . i H.5% 2] 7 6 IR 5E (17 i
T R Al R 19 SOL™ VRIE i T XA R,

PA_EBFFE 45 R, D6 IR PR ol AR T5 K8
B S* YR H B A VR AR R T
eI T SRB & s, Tl 1 SOL™ A3k J5t st
B FEIMAEAT S* WRBERRAR, M H 00 T H,S AT
B
2.3 SBIKRITRY AN
2.3.1 SEHEXT COD 20

=S ge Xt COD A LERFCR M 6 i

450

mi/k ®WR, BRy BERs

30 40
t/d

a L

50 60 70

M- m kK B R, ORy, HERy

10

20 30 40
t/d

b. T

50 60 70

6 &hMzzgH COD 4k
Fig.6 Change of COD in reactors

FERGAE B AT I 0], 45 I B 4% COD ¢ B (R 3552
&, H Rg 4119 COD WAL T Re 41, R, A1 R, 19
COD LBr2r5k 26. 0% F139.0% ,5 R, # L,
Ry Ml R COD LRI T 12.0% /47,5 R,
FHEL, Ry Al R, (1) COD LBRZFHEIN T 8. 0% A4,
DU 25 R R TR IR SE RS 25 Ry 415 Re 414
FL, 78 COD Bk 5 i B A e X 5 Tang %

A BB R, RS R B, T IR T
EERA R RS U TV AR 40(0.1 ~0. 3 mg/
L) FEREAE IR BB, e = A i 2 A
SRR S D T A R AR R SR, TR A AL
WIi 2B, Guieysse 2 N LB, 669 A Kt

Wl T L B, X WA BT COD £k, Bk
WFFE B, 7675 /K48 T8 v 3 6 BERBE AT LA 95
KA LG Y B
2.3.2 LM RIS Y R
FEA T A | K A AR A Ak dn A
7~9 JJi/R. 7E Ry BIERH, 15K TN EERFR L K&
NO; - N (RS RGeS (K 7 ME9), M
H, R 21 TN BRARKE) 17.0% 7247, b Re 4%
DA 5.0% o 8 M5 SOias NH - N ¥R EER)
A5k, 5 R 4RIV 2L, Ry 417K NH, - N i
FERRAR T 10.0% £ 47, H. Rg Al Ry, 9 NH, — N ¥
FMIMET Rl Ry o ATLLR L, 5 R, 4LAA L, Ry
Ay NHS - N REEI] B REMG, TN KBRS, X
5 Tang 2 A\ R BIF 58 45 S — 20, HATF 98 & B, Ry
ZH K NH, = N R G B 9 D5 PR B 2 St 1
W VEF . W 9 R, R 2K NOS - N e
5T Re 21, Markou 25 I 53 26 W, 4l 3 ml 15 56 A1
FINH, - N FIEHLA, KI5 7E NH, - N FERUS A
FI NO; — N, it NH) - N iy &BR A1 NO; - N
SR, I H, Ry Fl Ro i) NO; — N BB 54341

T R M Ry, SAWIFEAR [RGB AT, AN R 9 4%
fl i BUR BRI R . 25 BTk, eI (e it
T KT R TS Qe i LB, ELAS [R] 9 43 fk g AR
I H A R R
45
40
C 35t
%\i 30 ¢ h
& 25| _1:
X 20} £
HENCR N Pﬁ :
R
| ES :
0 RCI RCZ RSI R 53 R%
7 BRMEEH TN XREHTL
Fig.7 Change of TN removal rate in each reactor
50r
~ 45} Re =Ry = Rs
=240t
E 35t
[ 30 M «.»C/\&A A AL & N%Qm
& 25
z 20t
15
Z 101
> 0 lIO 2I0 3I0 4IO 5I0 6I0 7I0
t/d
a. LilF

.32,



www. cnww1985. com

B LIRS R AR P A F ARG AL

F3T A H11H

=~ 45 Re ©Re +Rgu
— 40t
35t A A
§ 0f % oﬁf@ocfwoow
& 25t
= 201
|
= 15¢
Zz 10+

0 10 20 30 40 50 60 70

t/d
b. T

8 [RzEgrh NH, - NRERIZEN
Fig.8 Change of NH,” = N concentration in reactors

035t
7.030F
—

1 0.25H

ER, MR, ER,

10 20 30 40

t/d
a. LiiF

50 60 70

ER., HER, HRy

10

20 30 40

t/d
b. T
9 &mizgEd NO; - NiREMZSK

Fig.9 Change of NO; - N concentration in reactors

JEIRAREHE 15Kk COD A1 TN /g £ Bk, H X 5
S5 KAL BT 5 K BB R BRBEAL B AN .
NEgE R Al R HH5 /K Y8R A L (C/N) 535 4y 5. 62
5. 51, AR T S Re, B9 C/N{E(6.36) s R, Al
Ry, #1157k ) C/N {H (4. 86 F1 4. 81 ) LK T Ry,
(5.26) 1) C/NAH, XEH], GRREREE XS5 /K8 H
IR C/NABSE WAL/ AN 5 J5 S35 K AL B rp B
bt B AT o
2.4 BRI EMRERIT

A Ry RV S FAL AR 1 A= P 53
SE TG BB A A T LS. 7E 400 £k
R TS AE YL, K B A T B4
R BMTEAE DI A A I, T HACR 52 B T 1A

BRAEMR . IR T [ WL 10 (a) [ KRB,
AR — AR OR R AR A I T AR WA 1 2
PR ARG , A0 B iR A AN RS Wk 5 [l A
MM Z A VF 225 15, ZBIA BFTE R B X 223 i
AOAFAE AT LAGEEACH = ) A A0 AR URE o 4kt e
B AR T R R

: P o

a. 5 000 f b. 500 f%

E 10 £YRRLH
Fig. 10 Structure diagram of biofilm

WE 10 (b) fros, AW IR A AE—SE R AN
BB FLIIA B V8 B A RELRS 25 440, v DLER IR I AR e A=
RSS9 23 W3 3 T ORI, DA T 38 KR 34 i &R
o MRER AV RS A I R T A Y R TR,
TRIZ AP IERR TS JOE AR 20 R 5T Ak, 38 AT
DA BT IR T (i 4525 0 P 3 1) 4
HRIZAMM—FEL T FRE R T, JF 15
BT E SR XML A R T AR ERKET A
MEEA LK PG R . DL RSG5 REY], @
LB CHRIREE R A 1 A ) B I S5 R R, X A
A F AR GRS e ) A R BRAE 2 1 AR
(Y5
2.5 XBIMFBEEKE=LERINE

BRI 7K A T A 3 A A B AT REAIL
WE L FR o 15K S A K B R 3k S b/ 1Y
AU AERAESEN  SRBRARE DU A4S BE
15 V8 LA S AE W B S B R R34 B TR (SRB) IAE T %
A RmA ™, Herb W A 1 A SR TR S 1
B R A B B AACREE  BUR B 2 R IE BUE R
FEBS AT . 8 AT AE A T TR R T A, Il
BT R BHAEAR HEH , DA AE T8 s i i W 3R
PRFETT A A 8 40 i A S, 7 A TE O RE R K
TP BT e SR A A, o s AR B OB B T
R & LRIF I 4 R a SFIHREEALE 50 pe/L /2
A, 7 DO (HEARR IR EE oG SR A A
AT LIS PR AR 38 1 — 5 14 22 VT, DA T 532 )
SRB S5 R AR FEAIRBRALY) &, 1 FEAIR
K H R A A A

- 33 .



H3T A H11H

T OE % K H K

www. cnww1985. com

BiE: -~V

LAY

COx+H,0 —= CH,0+0,
KA

H,S(aq) <>HS™ <> 8™ |

<

M SERMEEESE~ERIE
Fig. 11 Mechanisms of inhibiting harmful gas production
by illumination
3 %

O A TG K T TR s KT B
PREREGE , AT ARS8 18 v () DGR I A 3 AR
M= AE . 5 RIS IR 05 K A8 TE AH LL , 766 IRPR R
T TE T H,S SARUR BEFRAIR T 47. 2% , CO HRJiE
R T 59.8% .

@ JEREEREE T V5K E AR K AR
EDGETEYE, 7E DO AR R, Ot &1
FHT= A2 10 48 0T DR DR A PR 455 1 il — 8 19 2% ol A
FH 52 0e T 7K 8 8 PR v DR AR B s 1k

@ BrEERIAEE AT MU K E BN AES R
gt , 35T K A LY 0 R AN B R TS B KBRS
TERSE B B, JEREAEE R 157K ) COD 1 TN g%
3k E] 38.0% F1 17.0% fiti o

@ B RECRIAEE W] LA A WSS T
SRR LA B B 1A LR EURDRE %) Az Py g
g5 AR R SR IE W5 RS 0 H AR &
BB 2 AR AE

Sk

(1]

(2]

[3]

[4]

[5]

[6]

(7]

(8]

(9]

[10]

[11]

«34 .

GANIGUE R,YUAN Z G. Impact of oxygen injection on
CH, and N,O emissions from rising main sewers [ J |.
Journal of Environmental Management 2014 ,144 .279 —
285.

GUTIERREZ O, MOHANAKRISHNAN J, SHARMA K
R,et al. Evaluation of oxygen injection as a means of
controlling sulfide production in a sewer system [ J].
Water Research,2008,42(17) ;4549 -4561.
GUTIERREZ O, SUDARJANTO G, REN G, et al.
Assessment of pH shock as a method for controlling
sulfide and methane formation in pressure main sewer
systems[ J]. Water Research,2014 ,48.569 —578.
ZHANG L S, KELLER J, YUAN Z G. Inhibition of
sulfate-reducing and methanogenic activities of anaerobic
sewer biofilms by ferric iron dosing [ J]. Water
Research,2009,43(17) :4123 -4132.

BENTZEN G,SMIT A T,BENNETT D,e: al. Controlled
dosing of nitrate for prevention of H,S in a sewer network
and the effects on the subsequent treatment processes
[J]. Water Science & Technology, 1995, 31 (7):
293 -302.

JIANG G, KEATING A, CORRIE S, et al. Dosing free
nitrous acid for sulfide control in sewers: results of field
trials in Australia[ J]. Water Research,2013,47(13) .
4331 —4339.

AUGUET O,PIJUAN M,GUASCH-BALCELLS H et al.
Implications of downstream nitrate dosage in anaerobic
sewers to control sulfide and methane emissions [ J].
Water Research,2015,68:522 —532.

JACOBSEN T H, VOLLERTSEN J, NIELSEN A H.
Sewer Processes: Microbial and Chemical Process
Engineering of Sewer Networks[ M]. Boca Raton: CRC
Press,2013.

SANTIAGO A F, CALIJURI M L, ASSEMANY P P,
et al. Algal biomass production and wastewater treatment
in high rate algal ponds receiving disinfected effluent
[J]. Environmental Technology, 2013, 34 (13/14 )
1877 - 1885.

DAS P,LEI W,AZIZ S S,et al. Enhanced algae growth
in both phototrophic and mixotrophic culture under blue
light [ J ]. Bioresource Technology, 2011, 102 (4 )
3883 —3887.

SU Y, MENNERICH A, URBAN B. Municipal
wastewater treatment and biomass accumulation with a
wastewater-born and settleable algal-bacterial culture

[J]. Water Research,2011,45(11) :3351 —3358.



www. cnww1985. com

B R RIS ) 5K P E AR TR

F3T A H11H

(12]

[13]

[14]

[15]

[16]

MR, T, EFEE A WA A A Y R
TR T ] BREERL 22241, 201434 (11) ;2785 —
2791.

JIN Pengkang, JIAO Ding, WANG Baobao, et al.
Variation of microbial population in sewer networks[ J].
Acta Scientiae Circumstantiae, 2014 ,34 (11) 2785 -
2791 (iin Chinese).

TANG C C,ZUO W,TIAN Y. Effect of aeration rate on
performance and stability of algal-bacterial symbiosis
system to treat domestic wastewater in sequencing batch
reactors[ J]. Bioresource Technology,2016,222.156 —
164.

GUIEYSSE B,BORDE X,MUNOZ R, et al. Influence of
the initial composition of algal bacterial microcosms on
the degradation of salicylate in fed batch culture[ J].
Biotechnology Letters,2002,24.531 —538.

MARKOU G, VANDAMME D, MUYLAERT K.
Microalgal and cyanobacterial cultivation: the supply of
nutrients[ J]. Water Research,2014 ,65:186 —202.
ZHANG B,LENS P N L.,SHI W X, et al. Enhancement

of aerobic granulation and nutrient removal by an algal-

[17]

[18]

bacterial consortium in a lab-scale photobioreactor[ J].
Chemical Engineering Journal ,2018,334.2373 —2382.
T&, BIAR RAL, 5. S5 Y JRUKAE Yy AL BT
SRR LS FEYELT ] S PR S o A
7%5,2003,16(1) ;37 - 39.

YU Xin, LI Xudong, YANG Junshi, et al. Biofilm
morphology and activity in biopretreatment for polluted
raw water[ J ]. Urban Environment & Urban Ecology,
2003,16(1) :37 =39 (in Chinese).

g R SRR AR RO B T KA I KUR 2
MBFSEL D], Va2 P SRR, 2017.
ZHANG Erfei. Research on Enhancing the Ventilation of
the Sewer by the Inhaled Airflow Because of Building
Drainage[ D]. Xi’ an:Xi’ an University of Architecture
and Technology,2017 (in Chinese) .

EER N W T (1995 — ) 2o, INZR kb A 1 i
A, N KA PR SRS .

E - mail : 15109289278 @ 163. com

%5 B 88 :2020 — 09 -23

& E HH7:2020 - 11 - 19

(i XI5 )

(L35 27 )

(4]

(5]

(6]

XU Hao, LI Jie, LUO Fan, et al. Characteristics and
microbial populations distribution of shortcut nitrification
with low C/N ratio urban sewage[ J]. Chinese Journal of
Environmental Engineering, 2017, 11 (3) ;1477 - 1481
(in Chinese).

FF. AR C/N HARW 75K B A/O/N it Z W52
[D]. BB AR, 2006.

WANG  Cui.
Wastewater with Low Concentration and Different C/N by
A/0/N Process [ D ].
Science and Technology,2006 (in Chinese ).

ZHANG X L, WANG Z Y. Short-cut nitrification in a
biological turbulent bed reactor [ J ].
Science & Technology,2006,29(1) ;28 - 30.
EHEEMR, £, AYLRIE DO X A AR i Ak
W LT ], RARBEE A ,2010,36(8) :56 - 58.

WANG Min, WANG Jiangen, WANG Qin,et al. Influence
of organic carbon and DO on partial nitrosofication[ J].
Technology of Water Treatment,2010,36(8) :56 —58 (in
Chinese) .

Research on Nitrogen Removal of

Wuhan; Huazhong University of

Environmental

(7]

(8]

AR AR A, . LTS U T AOB/NOB X fiFf
RFE B 2w [T ], b [ 3R 58 R} 2, 2016, 36 (8)
2395 -2401.

BIAN Wei, LI Jun, ZHAO Baihang, et al. The effect of
AOB/NOB
characteristics[ J ].
36(8) :2395 - 2401 (in Chinese).

WO, SRt 2R . AR TE TS KR TR FE R G h AOB
5 NOB safRH#ARyiRELT]. 3REER2%,2009,30(5) :
1430 - 1436.

ZENG Wei,ZHANG Yue, LI Lei,et al. Competition and

JS7A
w

in nitrifying  sludge on nitrification

China Environmental Science,2016,

optimization of AOB and NOB for domestic wastewater
treatment at normal temperatures [ J ]. Environmental

Science,2009,30(5) :1430 — 1436 (in Chinese).

- 35 .

EERAN AR (1986 — ), 5 INAREM A, L, T
FEI, WF5E 5 1) A 5 K AR
E — mail ; xuhaoemail@ 163. com
Wi #e B #7:2020 - 01 - 03
f&[8] 5 #7:2020 - 03 - 05
(Gt X B2 )



