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Bioaugmentation for Shortcut Nitrification in SBR Treating for Sewage

Containing Sea Water by Nitrification-Aerobic Denitrification Bacteria

QU Yang, ZHANG Pei-yu, YU De-shuang, GUO Sha-sha, YANG Rui-xia
(Department of Environmental Science and Engineering, Qingdao University, Qingdao 266071, China)

Abstract: The feasibility of heterotrophic nitrification-aerobic denitrification bacteria applied in shortcut nitrification system was
studied. Four heterotrophic nitrification-aerobic denitrification strains mixed with halotolerant activated sludge was added into SBR in
order to test their bioaugmentation ability for shortcut nitrification system, which was treating for sewage containing sea water, and the
difference between bioaugmentation system and original system was compared. The results showed that the maximum accumulation of
NO, -N in bioaugmentation system was 34. 92% lower than that in original system, and the time of maximum accumulation of NO, -N
was 2 hours earlier than that in original system. The TN and COD was continuously decreasing in the later phase of nitrification in
bioaugmentation system, and finally the removal rate of TN and COD were 15.24% and 5.39% higher than that in original system
respectively, as well as the removal rate of NH, -N and the nitrosation rate were 6.85% and 14.47% higher than that in original
system. And the pH was 0. 46 higher than that in original system, whereas the ORP was 25. 84 mV lower. It was considered that the
function of heterotrophic nitrification-aerobic denitrification bacteria should strengthen the performance of bioaugmentation system.
When the seawater content raised to 70% , the stability of bioaugmentation system was better than that in original system, and the
current that transforming shortcut nitrification to complete nitrification was restrained by heterotrophic nitrification-aerobic denitrification
bacteria effectively. The number of heterotrophic nitrification-aerobic denitrification bacteria was changed when bioaugmentation system
and original system ran in different phase and the bacteria had a great loss with the discharge of activated sludge. These results may
provide a theoretical reference about the feasibility that the heterotrophic nitrification-aerobic denitrification bacteria applied in shortcut
nitrification system.
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Table 1  Heterotrophic nitrification-aerobic denitrification bacteria for bioaugmentation

TR Bk 44 JPEESRS R BIBHREEE/ % KREMAERD /mg- (L-h) ' AR LR /mg- (L+h) ™!
qyll FJ897170  Pseudomonas sp. 0~4 6.53 6.22
qy37 FJ897172  Pseudomonas sp. 1~4 5.79 5.64
gs2 FJ912845 Halomonas sp. 2~10 5.50 3.09
GYL FJ387168 Halomonas sp. 2~7 6.05 6.79

L) #IUa NH," -N¥ 4 120. 71 ~ 141. 67 mg/L; 2) #JANO, -N¥ & 4 109. 25 ~ 129. 54 mg/L

1L1.2  SRAk-r 8 S il fh 3 e 5

R 3 4> (/L) : NH,Cl 0.5; NaNO, 0.3;
K,HPO, - 3H,0 8.0; KH,PO, 1.5; CH,COONa 3. 1;
MgSO,-7H,0 0. 1;pH:7.0 ~7.3; i T E VA Wi : 2
mL; T b (T 7K 28 BILARG I J8 19 RAR 4R ) 30 ; [ 4 8% 7
FIMA 20g/L Biflg. R TG R B W (g/L) : Na,EDTA
63.7; ZnSO, 2.2; CaCl, 5.5; MnCl, - 4H,0 5.06;
FeSO,-7H,0 5.0;Na,MoO, -4H,0 1. 1;CuS0, -5H,0
1.57;CoCl,-6H,0 1.61;pH =7.0.
1.1.3 35y

i I 25 2 (FA) # AR A R 48, 78 SBR
122 30% WK YAk IR R E AT T 12 A AN
MLVSS % 6107. 91 mg/L,SVI 3y 112. 24 mL/g( 434
75 A SBR1 Fl SBR2 FHif i) .
1.1.4

IR 2 20 AH [H] 0 e 4t =200 v T Ul B 2
(SBR), fir 44 & SBR1 A1 SBR2, SBR1 >y X iR 4,
SBR2 i Ak 2. M Bk A Pl B 5, A A A 14 L.
DURG D Sk A (i FL IR g, R T B KU <, 2 F il i 1
WHTIEA R R MM, AEY.  DUEE I

AP ) S A PN IR BE S BRI 10 em Zb i B HEUR A4S,
RS 30 cm H1 60 cm 4bi% B HURE 1.
L 1.5 Jr st koK

I R N T RE K, W43 o NHLCL, 6 2% 6
KH, PO, ,K,HPO, , CaCO, , i it 56 % (7] L) ,30% if§
KOEFLL) .
L2 gk
L2.1 GEHRY KK

4 40 T AR AR T IR — BR i A A 200 mL 5 5 Al
Ak -1 48 2 il Ak B 37 B 89 500 mL = ff iR R, 30°C
120 v/min$% JRIR 7 Hi 57 24 h i AXPECE K R 5
W 2% $E A B AR AR ] 2648 T 15 9% 36 h. UG #k gyl
WERE qy37 TR R gs2 B BE GYL B9 9™ K 8% 3% Wi 200
mL 7E 5 2= 0 ML F4 000 r/min B0 20 min IEH
A4t .
1.2.2 SR Ak-r S Sl A R A R S 1L R 40

P s R SBR SN g v Y I Pk TS e 4 ) b gy
% A\ SBRI F1 SBR2 1. 7£ SBR2 Hr 75 ji| ¥ Fh 4 BT
) DA 48 i (200 mL & T ¥ 5 00 IS4, AR a1 LT
PR ay37 BFR gs2 FITRBRE GYL 1 4K 19 8 &t 43 51 by
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B 31 %

0.1107.0.1020,0.987 8, 0.998 1 g). UM%
JKZE 10 L, %L < 3 d(DO #HI7E 2.5 mg/L7E
4) R R HEK ;SBR1 5 SBR2 115 17 J7 21X
AH[A].
1.2.3  JRE MR #5817 97 X

SBR1 #il SBR2 HjANJEI #1547 12 h, K kK 5
min, BX 9 h, VL€ 50 min, HE/K 5 min, AE 2 h. X
N s S A AT 30 AN JE L. oz AT 09 A] 4 KR R 28
~30°C, K pH HJ 7.8 ~ 8.2, % DO K 1.75 ~
1. 80 mg/L. {50 756 25 JA I I HE Ve — k.
1.2.4 5 Ak G A A 250 A6 I

K F A 7% ~F- ARt Hi0 0 i T v B 2 TR TR U R
TR 5 LU A 78 5 37 8 Ak -1 S50 S Ak [ 44 i 5 2
I AR 5 I 3 P T e T A R AL R B
TE 55 i Ak - 07 | S s Ak B SR b A 3.25 ¢/L
KCN i B (A7 40 i) H A S 5% B 9 T4 L 36 RS
VR A W AE = 3 5 % AL HL B A 10 min B b3 TR

A PR
1.2.5 Jp#riri:
NH,"-N: 4} [0 3 D606 BE 25 s NO, N V-(1-%%
100
- —o— SBR2 B &
Dol —4— SBR2 EWAK
o0
]
§§ 60 |
X
g 40 |- —*—SBR1 & &
= —a&— SBRI ERHAR
® 20
wW
0
0 1 2 3 4 5 6 7 8 9
8.5 200
—e— SBR1pH
4 150
8.0 _
4 100
%
T 75k 150 5
o
J0
7.0
- -50
o
t/h

B & RO R NOS =N B AR B 43 06O B
TN : 3o 1 B2 B 480 Ak 55 A0 43 D O FE ¥ COD i 5% TR 41
2 (1 3R A i K rh s R I T, SR T A R AR
Wil ) ;pH F1 ORP {4 :6010 % pH if; MLVSS: Bt
T VY5 U8 207 K 100 mL, 105 °C 4t 1 %2 46 5 B 4R 0
I E R R T R0 48,4 000 1/ min 0
10 min, 35 F W5 W, 5 5 08 B8 T K 4R k30
min FRE ;W AS LT 575 NO, -NK 2/ (NO, -N
WHE + NO, -NWKJE) - 100% 5 48 0 5 - 647 3
A, B3 W A5 .

2 HRE5I®R

2.1 BALRG SRR G W A T

WAk T A G 7 SV B R R 3 d L 3 A
BIAE 05 Tl AT 575 U8 R %5 3 d JF W43 SBRI A
SBR2 1) MLVSS ¥ FF 4 % & 3 102. 15 mg/ L.
3030.95 mg/L. & 1 2 SBR1 #1 SBR2 7t fa i€ 15 17
0% .COD . pH ,ORP FI DO ({45 f a4 (K 5. 7.
O 2t 3 A~ JE 0K 0 10 - 1)
2.1.1 NH-Ni2fk
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Fig.1 Changes of NH,”-N, NO, -N, NO; -N, TN ,COD, pH, ORP and DO in SBR1 and SBR2
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5 Z&4% SBR1 fE3X — s, B AR AH & T A6 1 2 2
h G b RAEMNH -NEBRREF RS TR RS X
SR R S 7 A AL -1 4R R Tl AR A AL BB A HILE 3 1Y BB
AR IR AR A X DO A7 51w Y S RN T, T DLAE R
fife A5 BB U 94 [R) I 48 A6 B 22 (9 NHL N BF LR Ak 2R
HiAr COD iy b 3 B i S0 EL A O i O NH -N L B .
2.1.2 NO, -Nf#4s 4k

WAk R G55 R G AENO, N AL 7 T A5 45K 1
LSRRG HEKNO, -N& B IE A T ik &
G kDR b — JE M) SBRI AYNO, -N i 2 Bl 2L i
KT SBR2, HE/K B 2 A # 43 NO, -NF& B 7E & G v gk
AT —AJE ], #ffi i /K NO, -N & & F+ 5. SBR1 Al
SBR2 7£ Jz W #if I NO, -Nj™ 4 & KB AH [A], SBR2 Jf:
BEA D 3 Ak 2 4 48 A E A NH N bR S A 99 T
ffiNO, -N& &= T SBRI.

TE55 6 h 3AL R4 AINO, -NFH Bk 3 & Kl
41.12 mg/L, i JR R FMNO, -NFLBEAELE 8 h ik
B KA 63. 18 mg/L. Ak R 45 5 5 & 5 19 X BIR
R BRFENO, -Niw KL B & -, b e B 7 215K B K
B A B TR L. A ) 4f NH,-N v B AH 22 1R /N 1 1 B
TR RGHINO, N KB R R RS T
34.92% ;3 Ak R 48 FIIANO, -Nig KA 248 1 I i) He
JRARGHERT T 2 h. 18 B P4 0 R AR

(1) 50 16y 8 AL T ol 14y S5 % 4 A WL o £k 45 s 1k
i R HNO, -NAH Z R I : Wehrfritz 2" 1 57 57 %
-3 R A AR AR BR LT IA R | 5 3% il AL 5 4 40 R Al
B 25 & w5 7E W6 R 2R 7K °F-, NH, -N 5 324 16 R
NO, -N/ HL 7 78 32 e S AL il ( HAO) (4 FH R g A%
12 B T R AR A 40 i (5 % C551/550, 4K JE NO, -N
B H B M 8 JE O NO U N,O Al N, HE K A
Richardson 45"ty 5 3% i {6 A5 %0 Ay, NH, -N % %
B4R (AMO) % fk o8 NH,OH, #& J5 NH,OH £
2B ARG R, — A 2L I NO, -N NO
FIN,O, 75— & H AL N,O, X ]I NO, -N{#)
A MRS 5 Moir 45117 fty S5 37 il AL A 750 L 28 3A 1
it HNO () H #1454 ,NH,OH 4ty N,0 By [ i A
S IR AL B T2 . S O ) A T A I A S
FERAL B R R AR AN LA R, (H 2 HOL R A5 R R R
AL P A NO, -N B B B A [ P Ak K G B
FELE WL T X e L, IE R AL
110 5 5 B AL (AR R AL RS IINO, N R i
TR RS

(2) B # it Ak B8 A% 1 S8 B Ak ML RS AN R
Ik TNO, -NBL R &, i i F] 35 NO, -N U AH (1) 15F 7] $2
B RGEWNEE Y DO MR (2.0 ~3.0 mg/L) fli 53R
SRR 51 Y B R AR AE T AT DL Z0m BT DL &R Ge v
NO, -Nf# 2 B AT LAk 2 0 AR 1 4 R s A A 5
B U 4R R A A i TR A BB 8 AR DI [R] I IR B. i
v R A0 A 65 2K o R4 (5 3 aa3 2RI HL A% B A
R BB 4 1 AT LU INO, -NEENO, -N 15
0, [FIEHE R 47 DL P A AL 1 L 7 2 4. X Bk
JE % i i i A6 B AT LUAE & DO B il Ak B 58 B R
NO, -N iy % B, s 1k R 4 TN % 55 22 B 1K Fn
NO, -NJLF-28 0 Ut T —# 43 NO, -Ng 4 A = fi ik
TEHIM R GEh B BR. 3R 4k RS8P NH, -N7E%E 8 h
A L BRoeEe HIENO, -NAYIEEEIELE 6 h FE B,
WEZE SRS 6 h [T 2 48 TFNO, =N 4 480 2 il £k 380 R A%
TFNH, -NE L A NO, -Ny# R, fr LINO, -N K K )
R AR B 5 B0 IS 0 NHL =N s 20 ) R v (]
PINO, -N{ RS0l , NH, -N& 4L NO, -N ) 3 %
BT R, 24 H A A% T NO, -N i1 I 480 B il Ak 3 R
B 50 0 B T NO, -N I B e v A, B S L B T O
BT REAR X IE SRS 6 ~8 h Z [M]NH, -NV A [ i 58
ES{HNO, -NFF#RI A B R N X RS R G 5 R &
G —AEEXA, TUAE N RGE T RS LA K&
S SR A - S A T A R A

JE R AL R G R A B R N0, SN B
FEBE A W RO AL T2 R 2 B NO, NI A4 ) 4
P T I B S s A TR A T T A A 2 i R ik R
i 1 B P S S A - SRS b TR 1 A B AL
TRGHINO, -NFUZ &, fr L] DLRR R R Sk T4
FA) F AT, 206 B A A 1) B T, 9 L A A% el /N B A £k i
F14 A8 P TR, A 4R R
2.1.3 TN FI COD #7484k

TS Ak R W W I B BE COD (s A, R R 4 5
WMALRGN TN #A —ERERN N, W RSN
K T W R AR S R RS AL B4 TR N A
BRI AE N s BT KB B4 3 S R T B 43
A RS 75 A Ak R AR AR AT DL R AR R e Y 1Y
TN, H 2 =35 #0020 T4 FE AT BILIIC 4 A B il B 1oz it )
HEAT . SR A 5 A BL A YR 2 Ak 2o 7 38 R g Kk
52 VAR P R AEARNHL =N 2R 35 1 AMO , 3 40 il £k
T B2 AL V5 A 45 4t v R A DA TR 7 A TR R A i T
ST TR RE . RS LR NI, RGN KR 5
Wit it AT ATLRE 0, 3K 5 Ry S5 7 A A - e 4R S i Ak TR Y A
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B 31 %

KA PR AL T RE

Ji 2 G0 v OOF A OB AL TR H 2 S w5 TN
TR I AR AL R e R RE B 5, 10 B e AR A Ak
RGEWNA Bl & F — 8 5810 57 5% 65 1k S0 s 4
WU RGENA K o) B AL, RN IR A 1Y
S5 A1 SR A R AT DL R #E AU VE . SBRI
A1 SBR2 i 7K H ir & (INO, -NFERT 1 h PNt B i 58
By HV& A NO, -NA:= i, Ut BH R 58 W B 58 k2B T 4F
ARSI G (R R G W 90 TN R Fi A 32 22
TTHKE A IR AL VR A A R R AR DL
F G T REAETE B DR A GO 5 R 5 i TR
TN [T 5 45 7] Rk 75 2k — B WF 5T

AL ARG RS LT TN il COD [ fif it 4
22 5EHETE 2 h J5 JF 4R . SBRI1 B & JR R Gk A
NH," -NH s 25 B 151, COD 3 A XE [ figg B B, Al it S5
I il 1 - S S A TR R FH B A BILJRS ) 08 2L A A T
B 55, TN FEAN FEFEAR. SBR2 75 i (A B 1 5
bR e L, i T 5 7% 0 Ak -2 S0 s Ak T 4
A AR AE R S8 N Y S SR A0 VR T RN A A S A Ak
VeI T s, TN Fl COD 1 il £k 5z i v s %
SLREAR, VW] T 5 A0 T A DL A BB T AR I B A R Ak
RABAAE M. 4w Ak I 0 45 R I, SBR1 5 SBR2
(9 TN 2218 % 45 K 14. 74% F1 29.98% ,COD &
Bk 86.72% F192. 11% , 384k 245 TN F1 COD
EERPEREIL T IR R 4.
2.1.4 pH #l ORP ({725 1k

SBR1 1 SBR2 N pH 7ES N A 2 h th 2 4b T
TR XA W T I D DR A Ak B AR S Y
SRR CO, MR 5 — R 3 40 SO i Y 4 4
SRS ACAE = A2 T — 2 R B A S RO Ak 5 IR 4R
S A — B Sl b i pH TH B R R AL R
eiy pH TE RN W) AR T I R 48, X 2 N &R
GEINO, -NA) hh vk B i T 9k R 8, Fir DL AT 01 4 4R
IS A T I 1) 8B A 22 TR Ak R B

MM HEATEISE 7 h B R RSN pH AR T
SRAL RGBS R AR GE R pH AR B 0T3R4 R 42
) pH 78 R0 I AR M R . a0 b BTk, B 5 i 1R
INE B HEAT G AR A Ak 1Y) T 38 T8 R R S AL Y
A I LG S B A A B T R 1 22 T A AR
AV JIT T FE I B R 2 0 /D B ) vE R T R AL R G A
SR ) pH 2 Wi e i PR 4. v 45 SRt SBR1 Al
SBR2 ) pH 435y 6. 81 1 7.27. JE &5 )5 H pH
SRS SOl R TSR A W e A (| B A

.

(1) B 5 BELAS 7 e 52 g Ak B2 17 S I INHL =N B
fift. R B 55 I Ok AR A Ak SR S BINO, -N A K
RS NH, N R AR S e = 4 2
XoF IV 0 e fige 7 A ST T X 20 W T Ui I A TR
(FNA) XA A6 52 7 30 . NO, -NAE R M 4 1
2% 5 TV L0 1 T ok AV T 4 B 1 J5 - Pl S ] B
iz [m] 5 P9 B 3y, B ATP B A R, B JE R e
AOB (37 WA 1 A2k 4 15 3. SBRI ik pH {E
6. 81 M4 22 Y 355 45 it 9 FNA R 0.13
mg/L, 3 B 28 1K B 140 ) SR Ak B A W B T LA
SN S 1 NH, -N R fifg 3 3 758 48 B 28 4 11 1fif SBR2
Hh DR S s b AT 1 S S Ak ™ B i pH 4y
FE7.23 DL b, WOAE AL B T 52 FNA [ il OF B A
SBR1 B &, Jir LA i 4k 2 48 % NH, -NA5 %5 5 19 & B
KR ALBESS R 5 SBR1 FI SBR2 fINH,” -NZ= R &4
IR 92.31% F199.16% AL R4 IR R G4 H =
AL,

(2)FA% TR R G Ry WA 1L . SBR1 W55 7 h
JE IR A NO, -N BRI N 45 BT NO, -N A FL R
iK% 9.02 mg/L. 55 7 h JEA S pH Jy 7. 14, b
JEREARE] 7.0 LUF 8K Y pH 45 NOB (1 7% #: 42
=, T AR 43 NO, -NE A% AL g NO S =N BEAIK T 52 g
SR ZR G0 00 WA Ak R e 2 AR S8 W il 1k R
K Fomfk R 5.

SBR1 F1 SBR2 4 ORP 7 1 #if 8 % 725 1k # #h 3
AAAE L, HT 2 h B2 h il B S, A S h
TR BT T % NS 7 h FFRIE RS W
ORP JF 4 5 F oAk R 50, I i 45 s i SBR1 1 SBR2
{7 ORP 435I & 158.36 mV Fl 132.52 mV. SBR1 A
SBR2 P 175 7K A= 4 b 1 3R B 02 — A R 2% 1 AR Ak B
JFZ AR Z , Hirh ORP (78 46 & 2 Fh ¥ 5t 4 2E A Ak
W JEUR L 254 25 5 T E W PRI VR L S A AR
FHTE 15 K 2B Ak B3 72 bt X ORP () A8 fb A #K
(52, 5CF ORP AR 4 3 14y LA 5% g R 383 7 22
WAF5E.

2.1.5 NO, -NF1 DO §y4: 1k

15 2 BRI SBR1 [ NO, -NY& B &5 F SBR2, ix
SN b — R4 )i R R G RINO, -NYR 5
TRk R G, HEK G A4 /B 43 NOS -N % B T 3.
SBR1 P4 Y NO, -NFE [ b 47 1A PR 4 4 B i Ak A HH i
MAEGE TR, IFAERT 7 h 4EFFAE 0. 84 mg/LLLF.
MEE T h JFNO -N v B A 3R B i3 7, X 5
7 RS A [ I g 4 R — 5K



10 4] 35 55 - 57 7 0 1/ e SRR T A T AR W 95 AL B WK T5 UK 9 SBRJEL R AL R SE WD 4R 2381

SBR2 W FYNO, -NTE O JZ Jif [y Bt Uy & 4 45 75
BAR K -, 33 S PR A 3 2R 6 PR 4% 0 1) S5 3 il £ - 7
AL TE A NO, -NAT B0 1 1 JRLRE ). A BF g
BT R G o (R A AENO, -NRINO, NI, 57 3¢
¥ A - T SR R T A B A S e B NO, N Oy Hie T 32 1
P NO T -NIE JE S NO, -N 3 2 K NO, -N i i Ji 1
NO, -NF I JFURE L o 2 B R k. T L3R L R 48
J& W14 NO, -N#E NOB S 4k A NO; -NJ5 , 5 6 7
FELANO, -NAEN B F 52 (08 HLA 7 A NO, =N, 38 B
NO, -NJ A i NO, -NF 2 45 3, 35t 31l 1 % 44
FEAERE = K F. 24w Ak 2 R 45 SR i, SBR1 il SBR2
SV B AL 5 1) A 83. 66% Fi1 98. 13% .

SBRI 5 SBR2 f) DO 75 fbia # I A A 7). R &8

SRR DO YIS RS 553 b TF B2, 31 me/L 75
11, B X S8 Ak, R gl DO myiH#E £ 2
COD R fif MINH, -N Ak & i1y BEE COD K i B2
REAIR DL B NH, -NZ i 9 4 A S NO, -N, R 48 1 AE R
HRIFAE TR NEE 7 h JF 4R DO ¥R B2 TF 46 K i
BT ROV EE R 2 ARG DO MR 4EHRLE 3. 98
mg/LAEA.
2.2 BURGEHERGBITRENE K

SBR1 #1 SBR2 iz 47 30 /™ JH # &2 G5 W NH, -N 2=
st TN BB S R AR A5 IR T 2. 1~ 10
S N s A R G A shBr Be, 11 ~ 20 J& 318 70% i K
EhEE el B B, 21 ~ 25 A O R G B B, 2S5 ~
30 JAWIHHEE G R B ia 1T Y EL.

250 100
200 | .
T —e— SBR1 H/KEE % -
a0 —k— SBRI1 HELBRE N
E150 |- —o— SBR2 3/KEK J60 #
g —— SBR2 AEEBR %
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%
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0 | | | 1 | 1 0
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Fig.2 Changes of NH," -N removal rate, TN removal rate and nitrosation rate in SBR1 and SBR2 during operating stage

5k R 4t SBR2 [NH, -N LR 3 TN LR A
WA fb R NEE 3 FE W 4R B S TR R 48 SBRI.
Ji R G5 1) A Ak 3R AR AT 10 A 3 v 32 i A AR, i
it ik SBR1 7 i Ak 52 17 I 38

KA pH JCIE A R NOB iy A4 K, BT LA i
S ZR B0 A Ak 3R R SR AR

L1 JE 315 4 2 7K rP i K L 1 K 30% % 9% 384 i
#| 70% ,SBR1 NH, -NZFRREL F %, 3L AOB
Xif B 2 SR T B B R A7 0 A 25 TR R I A T P

R AT, 40 o B 4y i, AR AR Az 2. SBR2 1y
NH," -N 22 B % R BE{H 45 2445 F SBRI1, JR A 1] fig
S - DB BN ) S 20 Ak -1 480 2 il P T 6 AR s 1]
T A SRR AOB 1 NOB , fT LLH R X #4155 78 4 i
RENS PR ML TE G 4 25 FAFTE PR B A K@
ST A% T ) i A B A B T R AR g R B o R
B far A 5 1) 2432 F3 . 16 IR O Tt 8 T K R b
IF SBR2 1) TN % R ih 4 % T SBR1.

SBRI1 () Wi £ 2 7E 52 21 g 7K £h B wh i i 0 A
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BREAG, ST T e, 0 B IV i TR AT LS T AT 1K P 8 o
A I RE 75, AT LLE S 4 s AR I Ok B S0 A R g Ak
(1 I, X 5 8 Kk B 4 I BIF 9T 4 R — B fER
55 21 JE 4R 0 K HRg K L AR T AE R 30% B LS
AT W SBRI Y W il 1k 28 M\ 98.54% %8 % Ny
54.9% . 3k & B 24 B A 10 B A B0 0 O R AR
HY pH 2 i 9 J R i Ak 2R 8 A B T I A T8t 0 A
SBRI {14 % F2 i A6 T b 1) 45 4 PR AE AL 5% Ak X 7F T 7%
HR T I K T K A B HE R R R A B AR
L] g 2 e A B Hw R R R A R A AL R S
14 1 15t

5wk 2 4t SBR2 I fil§ £k 3 (4 B (I A~ 4 SBR1 B
5 AT HI 96. 5% (L 2 84. 86% , iX L1 J&
(R g 24 26 8 0 vk i oM 34 NOB 2R K i) 3 5 [ & it
S8 A TRT 1) B 48 S A P 7 ket 0 AV FH A s R B T
—E B AMEAE TR s NO S N 28 1) A AL s
I R ) o) 5 Ak 3R 48 4E 45 WA fk R R B T (2
HEFE .

1E 26 FI X 2 ARG 47 7 HEVE, SBR1 i
SBR2 ) MLVSS 43 51 f HE U §i 93 946. 91 mg/L il
4010.78 mg/L f& 5] T 2267.1 mg/L fl 2247.27
mg/L. H{EJE )G 2 D RGAINH, -NFT TN XL BR R GREE
TEBEIS & S8 1 iz 47 1 NH, -NFI TN & BR 32 3% i 2
FE, LB & fENH, -N¥) AOB HI L BR TN (1) 5 32 i 1k
5 SR A T B T iR K 2. B2 SBR2
NH, -NAI TN 2B R G L% FH i SBR1, X thiF 2
HeVe it R K S B0om A0 8 B B R, BIE RS

i BRI P O A5 L. TR [ Y & SBR2 11 I il
b H 45 T SBRI1, i J& B R HEJE i SBR2 1 (1Y
AOB % 3t 2 T SBRI1, HE i J5 H W fif fb I & A
32 B 5in A T U 2R 1 5 )

MH T E AT SE R A R
6 DO i FAS 0k B U A ) 4% 1R T LU
il NOB fy 3 ¥ , DT 7E S s 52 8 B AOB £ &
A A Ry SR B S PR Eh R LB H 1Y, B
Abae B A ARB XE T AOB i 1 R 58 A
TR e Ty B 2. AR T MR BT A X
FEARSS , R R G A W & 2 F 61 ke Y i
. S IR0 A - 48R AR T B I A (X RE % 4
fm NH, -NFI TN £ BR 2, i 68 0% 8 2] 4k +5 50 72 61 1
RGEFEMERVE . B2 5 77 6 A -0 48 R i A TR
SRR NS ) B DO R FA R B ARG R B
R RN 2B ER, b HEH D
WF5E.
2.3 srfLE R ECE 2L

MAF TR qyl1.qy37 .gs2 \GYL 2l 85 3% i v (X
B KW 2% 5% 4%, 15 3% 36 h) B AR ECE 4
8.77 x 10°, 1.03 x 10°, 4.92 x 10® 1 5.18 x 10°
CFU /mL. I 22 1% ¥ 75 U v i Ak 1 A g md im A T
I A0 460 79 KON 5 3o 30 6 2 1 bt 0 126 T A A
U/ Sl TR 3 P TS e A S R R R T,
B MERE. £ 2 2 2 N RELE 1.5 9 A 30
J RS, SBR1 il SBR2 w1 1) fiig I 1) 55 i A8 fk (7 g
SR ECHE)

%2 SBRI # SBR2 ST &M EBBNUEHELTH/CFU-mL ™!

Table 2 Number of heterotrophic nitrification-aerobic denitrification bacteria during operating stage/CFU -mL '

R @47 qyll qy37 gs2 GYL
1 1.84 x10° 7.34 x10° 2.04 x10° 8.87 x 10’
9 1.97 x10° 5.26 x 10° 3.19 x10° 8.32 x10°
SBR1 ; s S .
19 1.43 x 10 9.42 x 10 5.88 x 10 4.40 x 10
30 6.73 x 10* 9.26 x 10* 4.76 x 10* 9.70 x 10*
1 2.42 x10° 1.37 x107 8.93 x 10° 1.52 x10°
9 7.03 x 107 4.28 x 107 2.30 x10° 8.54 x10°
SBR2 . . . .
19 1.22 x10 2.05x10 3.31 x10 4.19 x 10
30 8.98 x 10* 1.03 x10° 8. 84 x10* 8.05 x 10*

ik B SBR1 AR — 2 B A - I g
B, AR e i A B T R A S I P e B Y
TN & F i L Be 2wt P IR i L 4. 76 SBR2 fa g iz
FYIp Y, WAk ayll . qy37 I gs2 #8848 u Dol i 2k
Wy si A A I A 28 58 HP o 0 2R A7 U0 B T Bk GYL
BEH A G 47 HOBCRE R s b, e & 5 AR LR
B — 20 R E Y RAE KRB Z 2 T R 404 HAb

BRI AR 5 4 R0, I ik M) 5t A 150 R oo AR RE 1Y
A AL

5519 JAMI AR 2 A R S8 B AR qyll L qy37 1
B D B AR g2 (GYL AR 1 £, X i 2
PR Sy E % 15 17 B e 4 9 1] B9 B AR gs2 L GYL 52 3
o B8 ok i T LS PR R Sl i R AL, AT fE AR G
HE Je A7 15 0T A2 K B, LI BRI BR qy 11, qy37 [H R
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55 30 JA 100 43 SBR2 v B g Ak T A RO SR
TFEIF S SBRI JLF HH 45 X AT AE = P O HiE ¢ i
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GE, AE T Ve A0 M3 50 04 1 e P R 4 P i A
S 7 B OFCN T 3t 2k 1 AR A P 3. 158 W1 SR T e 0 o
SRR T TR T U8 2R 48 R AR RE 08 A B N 1] PN A 5 Ak
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i 2 g KW as 17 i A e .

3 #ig

(1) sl 22 585 i A6 2 48 19 3 2 X5 08 < 5
ARG RNO, NIRRT RS, IF HH 255
NO, -Nig R AR B B i (8] 5 F R 485 5 Ak &R G210
TN I COD 7i i b B v Jm 945 22 A, T st &R S 1
i P B v T S R A AN A 5 iR A 2R G T i AL B &S RS
pH & T ALE, M ORP K T A L.

(2) 5 A & G 19 NH,-N B i 5 TN fif
COD [ fif R AN AL ARG 2 T I R 8. 32 B4
JEE ks i g Ak 2R 4 09 RRUE M R T RCR G, B
AE B A AR T 28 G0 9 JE R A A 1) 4 R il A B A2
i 4.

(3 FEFE s AT BR 1wk GYL, s fb RS 1Y
E3RDBER AL THALENA L IRER. /&
JEE el B 5 A b ) B A AR AR R O HLBE R &
27t HE e 5 A TR R AL 2K

B« TR o3 S0 A [ SR JR O — T R T T
S8, T IR 7 BORT 5 B3R A [ 9 ] 27 1) 4
A B!

S E
[ 1] SchmidtI, Sliekers O, Schmid M, et al. New concepts of

B

NN

\

microbial treatment process for the nitrogen removal in wastewater
[J]. FEMS Microbiology Reviews, 2003, 27 481-492.

[ 2] Katarzyna B, Irena W B. Carbon source in aerobic denitrification
[J]. Biochem Eng J, 2007, 36: 116-122.

[3] Kim]J K, Park K J, Cho K S, et al. Aerobic nitrification-
denitrification by heterotrophic Bacillus strains [ J]. Bioresource
Technol, 2005, 3(29): 1897-1906.

[4] LinY, KongHN, He Y L, et al. Simultaneous nitrification and
denitrification in a membrane bioreactor and isolation of

heterotrophic nitrifying bacteria [ J]. Japanese Journal of Water

Treatment Biology, 2004, 40(3) . 105-114.
[ 5] Joo HS, Hirai M, Shodal M. Characteristics of ammonium

[6]

[11]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

removal by heterotrophic nitrification — aerobic denitrification by
Alcaligenes faecalis No.4 [ J]. ] Biosci Bioeng, 2005, 100(2) :
184 -191.

Islam A, Chen D, White R E. Heterotrophic and autotrophic
nitrification in two acid pasture soils [ J]. Soil Biology Biochem,
2007, 39(4): 972975.

Joo H S, Hirai M, Shoda M. Piggery wastewater treatment using
Alcaligenes faecalis strain No. 4 with heterotrophic nitrification
and aerobic denitrification [ J]. Water Res, 2006, 40 (16) .
3029-3036.
Chuang H P, Akiyoshi O, Hiroyuki 1. Effective partial
nitrification to nitrite by down-flow hanging sponge reactor under
limited oxygen condition [ J]. Water Res, 2007, 41 295-302.
KRB E, RN, TUEAE, 4. —BRER NG IR SR AL AN
Sr S M E RS AL Rr AR [T]. SR 2= @ 4k, 2009, 36
(4) . 581-586.

T, A, Rl RS R BT N0
R[] PEg KK, 2008,24(7) : 66-69.

FEORSC, WakEE, BPEHE. SBR T2 Hhm A2 Ak S Rl 1k 1y i
REEHILI]. HE %A KHEK, 2002, 18(11) : 13-18.

Pierson J] A , Pavlostathis S G. Real-time monitoring and control
of sequencing batch reactors for secondary treatment of a poulty
processing wastewater [ J]. Water Environ Res, 2000, 72(5) :
585-592.

Aoi Y, Tsuneda S, Hirate A. Transition of bacterial spatial
organization in a biofilm monitored by FISH and subsequent
image analysis [ J]. Water Sci Technol, 2004, 49 (11-12) .
365-370.

Wehrfritz ] M, Reilly A, Spiro S, et al. Purification of
hydroxylamine  oxidase  from  Thiosphaera  pantotropha ,
identification of electron acceptors that couple heterotrophic
nitrification to aerobic denitrification [ J]. FEBS Letters, 1993,
335(2) . 246-250.

Richardson D J, Wehrfritz J] M, Keech A, et al. The diversity of
redox proteins involved in bacterial heterotrophic nitrification and
aerobic denitrification [ J]. Biochem Soc T, 1998, 26(3) ; 401-
408.

Moir ] W B, Wehrfritz J] M, Spiro S, et al. The biochemical
characterization of novel non-heam-iron hydroxylamine oxidase
from Paracoccus denitrificans GB17 [J]. Biochem J, 1996, 319
823-827.

Ellington M J K, Sawers G, Sears H J,et al. Characterization of
the expression and activity of

the periplasmic nitrate reductase
of Paracoccus pantotrophus in chemostat cultures [ ] ].
Microbiology, 2003, 149 . 1533-1540.

Morita M, Uemoto H, Watanabe A. Nitrogen-removal bioreactor
capable of simultaneous nitrification and denitrification for
application to industrial wastewater treatment [ J]. Biochem Eng
J, 2008, 41 59-66.

Robertson L A, Niel E W, Torremans R M, et al. Simutaneous
nitrification and denitrification in aerobic chemostat culture of

Thiosphaera patotropha [ J]. Appl Environ Microbiol, 1988, 54



2384 %o R 31 %
(11): 2812-2818. an alternating activated sludge system [ J]. FEMS Microbiol
[20] sk/NES, R0k, BoakdT, &5, Ik DO T BY Jd 72 i £k B 7] A5 i Ecol, 1997, 24(4) : 363-370.
AR T]. R AKHEK, 2004, 20(5) : 31-34. [28] oK, WRMN, BURE. FhREAHI 25 A RO 5 i bk S 9 R
[21] 80, Eiksk, ZA4de. SRS B0k R T PR AR E[P]. PE%EFH: CN200710118476.5, 2008-
WEFELI]. AR 4k HEK , 2008, 24(23) : 6-11. 06-04.
[22]  5fRUe, Thif, mmm, &5 — b SR E i o S [29] Hellinga C, Schellen A A JJ, Mulder J W, et al. The SHARON
WERIE[T]. MRV Tl K2E2% 4R, 2008, 40(12); 1919- process: an innovative method for nitrogen removal from a
1922. ammonium-rich wastewater [ J]. Water Sci Technol, 1998, 37
[23] Ruiz G, Jeison D, Chamy R. Nitrification with high nitrite (9): 135-142.
accumulation for the treatment of wastewater with high ammonia [30] Chuang H P, Akiyoshi O, Hiroyuki I. Effective partial
concentration[ J]. Water Res, 2003, 37(6) . 1371-1377. nitrification to nitrite by down-flow hanging sponge reactor under
[24] b6l AR A BB HEARIM]. dbat: b2 Tk R limited oxygen condition [ J]. Water Res, 2007, 41 295-302.
ft, 2006. 50-51. [31] Vel MV, Jurg K, Zhiguo Y. Effect of free ammonia on the
[25] Vadivelu V M, Keller J, Yuan Z G. Effect of free ammonia and respiration and growth processes of an enriched Nitrobacter
free nitrous acid concentration on the anabolic and catabolic culture [ J]. Water Res, 2007, 41 826-834.
processes of an enriched Nitrosomonas culture [ J]. Biotechnol [32]  PhBEAS, fal B, FAl 4. g oK wh il 35 7K i J BE A A I 56 BT
Bioeng, 2006, 95(5) : 830-839. e[ T]. E%KHEK, 2007, 23(3) : 40-46.
[26] @RI, PkEE, %, BEMAA DA T 2005 E [33] FLER#EE, &R, EH, . —BhH 09 b %05 R fh B it 1t
[J]. #EERL, 2005, 26(1) : 63-67. Ji R S BB AR B R BT ] NSRRI A o A
[27] Frette L, Gelsberg B, Peter W. Aerobic denitrifiers isolated from 2005, 11(2) . 222-225.





