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Start-up Characteristics of Four-zone Integrated Reactor for Nitrogen Removal

in Winter and Analysis of Nitrobacteria Community

ZHANG Yan', SUN Feng-xia', XIE Hang-ji', CHEN Jing', SUI Xi’, GAN Zhi-ming', WANG Xiu-ping',
SHI Yang'

(1. Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering, Department of Architectural
Engineering , Beijing University of Technology, Beijing 100124, China; 2. Beijing North Drainage Works Design and Research Institute
Company Limited, Beijing 100123, China)

Abstract: The treatment of decentralized sewage has gained more and more attention in China in recent years. A four-zone integrated
reactor was designed by combining biofilm system and activated sludge system and start-up by gradient shorten the HRT. The removal
of COD, NH, -N and TN were studied at 8-15°C. Fluorescence in situ hybridization( FISH) was used to detect nitrobacteria population
(AOB,NOB) so0 as to study the relationship between the reactor effect and functional micro-bacteria. The results showed that, when
the HRT was 9.2 h, the removal efficiencies of COD, ammonia and TN were 92.11% , 99.21% and 61.63% , respectively.
Compared to the initial stage, the numbers of AOB and NOB in the late phase were increased by 5. 82 and 6. 14 times, respectively. In
addition, the proportion of nitrobacteria was increased from 6.12% to 16.38% , which became the dominant bacteria in biofilms.
Moreover, the nitrification efficiency was increased from 78.49% to 97. 52% , while the number of NOB was 5. 61-fold increased and
the value of AOB/NOB was optimized to 1.47. The effluent quality is guaranteed by the enrichment of AOB and NOB and suitable
value of AOB/NOB.

Key words ; nitrogen removal ; start-up at winter; nitrobacteria; fluorescence in situ hybridization( FISH) ; integrated reactor

— A S8 T AR 2 IR A 9% T K i Y
J7L WA R R R R 1 — S K b HE T
PR BRI % B A E A B T5 KA B
FTTEEAAL Y L — A 3R A DAGA B b B R
AR B . Sy dEdr | 529 s H i = KT fin b
SRR G K AL B HERR . 73 B A 5 5 K Ak B
AR R AR AT Z T AL H T, AR
Ab B A P OC AR TR TR T & AR T, K X
PAGRFFAETE FL M AE AL (20 ~30°C) | IR AL YR
BEVLFRI N (20 ~ 40°C) , A= 90 It 580 Iz 4 1 i XE i
g BEARCRAR AR, R, Bt —F— A
i 8B B g RE A £ 4 AR (8 ~ 15°C ) I i )

3l REB AT A U A B SR L

BT RIS AR & T X — AR R
T O K AR B HGE T A R IR R
Bi. N A AR A ) T X - o R X - i Ak
AR X YR K 43 B BT XU X AR — A SR S ik
T RSB TR B AR R BN A N Y KR
sl Syt AT BRI Ag e, V5 e R s Ak i T 3l 7 ik, LA
RPN B AT A TR B | M BT AEREIR . Ak
A EBRA DY B H . )8 shiF 5 7E 4 2= (KR
YR BHA: 2015-03-08; f&iTHHA: 2015-04-15

YEEBN: kA (1962 ~ ) , 2 Wi B3 , FZWF5 7 17 R i5 K b
PSR AR ,E-mail ; yzhang@ bjut. edu. cn



3340 AN 5%

Bt 2% 36 #&

8 ~15°C) kAT, SR FME 4 KK 71 45 B INF [A] HRT,
DU 22 HRT ik £ X0 28 58 52 Wl 114 [) i o) 350
A B AR A R AR R P AR R O LR
A AR 3 1 IR 25 ) 29 D6 I A6 22 22 FISH
(fluorescence in situ hybridization ) 7 AR %f 2 & 1L 40
I (AOB) | 0§ R 6 S AL T8 ( NOB ) Uit R 7 4y
BTE 10T DA 0 2 R ST M S I R P
i A 200 TRT P50 RN 45 ) Y B 25 A A IR R AR W T
HELSAE SRR/ E A INTE G 2R LA O e A S B4
ZAIRIR SR T DU X — A AR W i3t SR s o 2 Y g P
O E R, RE | IRFEREIE Sh LR R A

1 MRS

L1 JFUKOKT, #ehis e

SIS FH/K A A6 Tl R 2408 X TR E A
e W, % LT R AK IR B R E AN
WK A, Hp (COD) 4 260.4 ~513.1 mg-L.~",
p (NH;-N) y 87.82 ~115.52 mg-L™",p (TN) K
91. 14 ~116.52 mg-L™" *F-¥) C/N 2 3.75. $5&FPi5
TEE A F T s KAL) 0 R TS Ve, B R R
SV A AT4f MLSS A2 031 mg-L ™"
1.2 SCEEE MaafT

REWE 1 FR, REAFEFEKA . K5
B AR — R K AE W R #s. AR
SN g L A AR AE IR IX AL S BERARLIX B
FRALBR X C |, YRk 3 B3 X D U o3 2H 0,
—{ 110

LKA s 2. #EKIEBIAL s 3. K 4. B ML AR B &% 5. K
B 6. PRI A TE; 7. MR 8. LB Rk 9. SRk
A 100 BEFERL; 11, BERESE; 12, BHEF; 130 HEVR T 14, oK
Fs ACOFRAEYIIRX Bl PERCRIX ; C. A AL B4 IX ; D. 8
TK I BT X

1 MR—EXEWMHEA RS

Fig. 1 Four-zone integrated biological nitrogen removal system
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Table 1  Characteristics of the reactor
Ak
X J5§ H A/ mm 7/ mm ARBEBV/L
A 160 850 17
B 300 950 61
C 400 550 22
D 500 700 85
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Table 2 Parameters of reactor in winter start-up
Wi [ 12-01 ~12-07 12-08 ~12-14 12-15 ~12-21 12-22 ~01-11
(phase 1) (phase II ) (phaselll) (phaselV)
A X 2.5+0.1 2.5+0.1 2.5+0.1 2.2+0.1
DO/mg-L"! BZ 0.5+0.1 0.5+0.1 0.5+0.1 0.5+0.1
C KX <0.0 <0.0 <0.0 <0.0
D X 0.5+0.1 0.5+0.1 0.5+0.1 0.5+0.1
T/C 8~15 8 ~15 8~15 8 ~15
HRT/h A X 24 12 6 4.75
SN %% 55 27.5 13.8 9.2
&3 FISH SR AR ERERRS
Table 3 16S rRNA-targeted oligonucleotide probes used
wEF 51 (5'-3") EENE) POLRE H B/ %
EUB338 GCTGCCTCCCGAGGAT Most bacteria 5'-cy3 55
NS0190 CGATCCCTGCTTTTCTCC B-Proteobacteria AOB 5'-FITC 55
NIT3 CCTGTGCTCCATGCTAAG Nitrobacteria 5'-HEX 40
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Fig. 2 Revolution of COD concentration in winter start-up
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Fig. 3 Revolution of NH," -N concentration in winter start-up
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Fig. 4 Revolution of NO, -N concentration in winter start-up
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Table 4 Revolution of nitrobacteria in winter start-up
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