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Effects of C/N on the Denitrification Efficiency of SBR
Enhanced by Aerobic Denitrifying Bacteria
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Abstract; Two strains of Pseudomonas with efficient aerobic denitrification ability were used in
the bio-augmentation process of sequencing batch reactor. In the 61 days’ operating process, the
effects of C/N on the microbial community structures and denitrification efficiency were
investigated. Although the denitrification efficiencies obviously decreased with the C/N
decreasing, the performances of bio-augmentation groups were better than those of the negative
control. Adding efficient aerobic denitrifiers into activated sludge enhanced the NO; - N removal
rate by about 14.1% , whereas the pure-cultured group was enhanced by 22.6% . Bio-
augmentation with aerobic denitrifiers enhanced the proportion of denitrifiers, promoted them to be
the dominant functional population, shortened the system’s start-up period, greatly enhanced the
denitrification efficiency, and improved the stability of the microbial community structure and the
system’ s operation. This technique is more advantageous in the treatment of C/N > 10: 1
wastewater containing nitrate.

Key words: bio-augmentation; aerobic denitrification; SBR; denitrification efficiency ; microbial
community structure analysis
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B A TR X A 280 pHL &5 S S5 AR AN [R) K 11
R A X FIRARX, TER 2, Hizfr
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L, ERBRETEA AR T AT OB AR SO, S5 LA
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ARG S At P A 48 S A TR it =X s
#% ( sequencing batch reactor, SBR) #1771l 4= ¥y 58
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TN SRS AR TG G ) 5 BRSO R G M
1) LB AT, PEN A S S S A T E s A R R AT
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1.1 E#MRIE

S0 A9 4 SR B AL 40 TR Pseudomonas
chengduensis ADM 2 - 2 ( KY458157 ) #0
Pseudomonas  chloritidismutans ADM 8 - 1
(KY458158) fR A TARILKF IR TR R. 2 BRI
IR A A A pH 2351028 11 F1 9, ek R
BIRFPEERR SN, feAE C/N 43510 11 A 13, e f:
NaCl JFi e 43 5 4 20 g/L F1 30 g/L. 7F ik
MR, AR (NO; - N) %7 4f i & e il
170 mg/L, 48 h ¥ 5 K 2 Br 24 5 87.83%
1 88. 06% .

1.2 EFESHKKE

U R A TR FH A 35 92 5 (g/L) AP iR
#2.8,KNO, 0.72,KH,PO, 1,MgSO, -7H,0 1;
pH =8.0,121 CHEJEKHFH G #&H.

4 S S e 1 7K R HIAALL I K, #7458 TR A A
BRFABR A MR , KNO, A ME— %I, pH =8.0 =
1.0,C/N LRI an 3% 1 i,

1.3 XWESE

SCHR A3 1 SBR AL, AAUA R4 L(WLKA
1) R FF CFE S, Maa 1T, =W 8 h
FAEFHEIK 5 min; BB 7 h, PLUE 50 min, H K
5 min; BEENAEHEK 51 1K, LLRE T 4
WK TE O B SR AL, DUFE Ui 1 o 4 o

% 39 %
i
F1 EFEHKIER
Table 1 Data of influent quality
i1y N i D /K NO; -N
b g oo EACOD BANOS -N
=3 mg-L mg-L™'
I 1~21 20 1500 +20 75 £10
m 22~29 17 1275 +£20 75 +10
m 30~37 14 1050 +20 75 £10
IV 38~45 11 825 £20 75 £10
V 46~53 8 600 +20 75 £10
VI 54~61 5 375 £20 75 £10
S~ ~— —
1*%;1 ok
BYRET~ M
O REE
B ol
e | 0 | L S

El1 SBRREHE
Fig. 1 Diagram of the SBR

1.4 SBR BzhizfTRMEWRNLFE

SBR I by X B4, AL $ I 50% 3 1 15 U
(MLSS 4 800 mg/L) ; SBR II &1 45% 1% 1475 2
(MLSS 4 800 mg/L) , Jf [/ i} 42 5% 1) ADM
2 -2 5% 1Y ADM 8 — 1 B (MLSS ¥k
2000 mg/L) ; SBR I [A]Af 457 5% () ADM 2 -2
B A 5% B ADM 8 — 1 i (MLSS 4K
2000 mg/L). FBMA &3 DURFR 40T
1.5 KERSEHWHE

FEKFISEIE L HE COD., AR AR
R PR ER A B E M TS Ve ST Rk B MLSS, 43
BT 7 748 B8 FE RS AR vy TR B
1.6 MEMBELEMITHE

THUAE AR 25 0 4 B 1 P v 3 T P R
ZAE B A A R SE AL, PG ] 16S rRNA
i V3 — V4 X 38 51 % 341F (5’ - CCT ACG
GGN GGC WGC AG -3') Fl 805R (5’ - GAC
TAC HVG GGT ATC TAA TCC -3').

2 R

2.1 HWERBEHLENREDEWL

YrE 50 ADM 2 -2, ADM 8 — 1 %1t
BRI %] SBR H, LB GUE WAk X SBR A
MR 22 M R G RE M FF R G AR E /T, 1%
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BOIHESE 8 d. BAR, RN AR 7K COD i it ik J
BEEIK C/N 1T REmiREAR, H & B 4AF 3 4~ SBR
X COD 24 b 8 — B R A X R | IR
FE90% ZEA47  AUIE A FE Tt

COD EBRAR A 2 frn , FFh6 G shist 3 41
RHE B COD £ BRFARKIK N 83.2% , 85.13% ,
87.56% . AHLLXTREA , #5 A s AL il A= P SBR Xf
COD M LBRFH . Ji3h 3 d J5,SBR II COD %

KRB H 200008 2. 06% F1 1. 63% &A% T

X BAZH S IV g1 3. 41% A1 3.23% |, HEWT S BNy
ST 5 1 5 e b R A AR o R
4. WA 4 RFFUG, SBR 11 (1) COD 63 | Ffi
JEE A S bR 33 158 BH BRI TP SR 7 e G g
WAL #. SBR I 7EJi3 sh ) 91— B EAT 3 Y
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AR, 3 41 SBR A COD 2% [ R AR 4 5 45
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MIBATEE 22 KR, T b B B R AIG 1 K
C/N,NO; - N By LBRFREZ 1 I Bk, e
JRF B, R 2l N 9 BT, P TR, R
T RGP W) 32 S B IR BEE Bh A AR Ak
1M H. 3 41 SBR ) NO; — N BRI 52 3| /K
C/N FEAR By 52 ma , BRREAR K C/N £3 il 4 41
FAEAE . FE7K C/N M 200 1 FEARE) 11:1 s
i, SBR I 2l b % AH AL A9 NO, - N &
BRRAGA T 55 A 2 1 4% 8, Ui W 40 5% 37 40 3 Fn
M5tk SBR X FNO; — N A B i1 LBk
RS C/N =11:1 B, 3 4N #5) NO; - N
LR L WM C/N =20:1 By 79.4%
84.5% F 93.0% PB& % & 50.3% , 56.3% Fi
64. 5% ; 23 F7 AN TR A AR i AR 21 1 25 B R i
KT RHRA. MK C/N < 11: 1 B, $#maliRg
FEANTRE ) SBR I B 25 5 7= A= U 3, 1A= o Ak
) SBR II FNO; - N FZFRFMMHEZ WIS, C/N
=8:1 i,3 41 SBR R/ BT 1) NO; - N bR
AR 49.8% ,51.6% ,54.2% . 24 C/N =5:1
B, SBR II 1 SBR III ) NO, - N BRI
& IR T X R4 LR Y34 NO, - N ZeBReR
A3 50K 43. 6% ,40.2% ,39.7% |, JEAS B A AL )
SBR III /) NO; - N £BkFAE Jy k.

F T B i A T Dy S R T, A AR AR
TE R OGS B YR A TR ZUAH . AERR IR AL 2 B Ak
AT R AR IR A K B, A AR A2 25
M), S B0 A2 B0 DL b o7 328 7k FLC b 4 AT
. 76 3 41 SBR H, #E7K C/N @ {IKH, SBR 1T
1 SBR III () NO; — N Z= [ 5 B S A I P AR, 45
SilJ& SBR I, H P4 T 4l s 32 40 B, 24 514
ANIEER, wha A AW s S S R SR
Fae e, 22 vh b £ w7 BB 1 25, SBR 11 &3 i AR
YriAL)s , NO;, - N RBRHRU BT 25 F xR
2l H YK O/N PR, i A2 68 )t B R
—

LZEAYHT TE 3 41 SBR HY, 2 it ik Wy i Ak
() SBR I [ 23 BRak % s 25 (% R AL, it 52 A0 A
T TP { TR RE ) A T Al R R
BRAL. R, S s AL 40 9 e o LA 3
2.2 WEMBELENST

Xt 3 21 SBR 7E 61 d PRI A BT AR fb it
TFHT, 43 B e 8 6 HERFE S IEAT 40T 55 0 K
(Rx-0) % 10 R(Rx-1) %% 21 R(Rx-2) %%
29 K(Rx-3),5545 K(Rx -4) f%i 61 K(Rx -
5),x J& SBR %7, H5s 21 R (FEH 21 K)
ZHIA SBR (W) shHA, JE T 3 YCHURE X I i) 2 it

K C/N HIFE . 5T FE i 2 i B 40 DNA J5
o My, 2 R IR 97% AT IR E AR
#3347 OTU (operational taxonomic units ) 23S,
FHEMRT 1% WG A A Others , BARZS SR AN &
4 IR,

I TR 5 e ok B Bl 5 K 2 BT AR A
W, BT AR R TS U8 b I AR W) AR R e A
WS A S R AL 7E R -0 AT R2 -0 BESL A AR
A E IR T Flavobacterium , Amaricoccus K
Azoarcus , 712 di 7. 0% ,5.8% F15.7% . iX 3 4
TR S ) A T 340 R A A P 1 R DL TR T B AT A AL
TS Y R BRAE TR — 2 RIS ALBRBERE 10
B e B 4 S S AL RE T 09 S ) L AR
%, WS T BUR N i 5 3h0) 9 SO A ORI Y
JELIAL. #E SBR I H, #0 T &% 4R 15 5% i 1 50 i
B, RFE R3 -0 p9FESh 1, Y928 Pseudomonas T
IEEES s ST

#£ SBR )i 21,3 41 SBR 1 i R LAl
HoAVE ) Y5 J2 Pseudomonas 4N, {H /2 SBR 11 #
SBR III H 9 A8 v . AT Ay i A 4 7 el A2
TGl A R s 2, MBS T 4 R
JERRE IR T T RGeS ALRE T, X L2
SBR II 11 SBR III /) NO; - N EBRFCRBA ST
X HEZH Y s AL

Wi 7K C/N BREAR,3 21 SBR HH g R
BR1 ) 41 BT 7 L IR S BAAEG, SBR T AN TT H R
Lol I A 7E 2R 29 K, i B0 TR AN B 7 3 21
SBR H1 i FE 51 43 1) R R1:18.3% , R2:37.5% ,
R3:52.7% , 43 %l & C/N &% Z R 19 53.8% ,
57.7% 1 69. 3% . 5 B B0 AY RGBT I
25T 3 40 SBR B NO; - N £k, AL Wy i i
TEEEHAEL S NO; - N BBRFHZLIE L T 1
FAIRERY. SBR T H (A=l 2R 475 22 T 1A IO, iR
PR R TR R M R G R A A SR R AL D B TR
Y. Wi PEK C/N #E— B BEAIK, 78 SBR 11 A1 11T
LT — %2 LB Azoarcus J& 41T , Azoarcus
U 25 7K Ak B A At v E LAY S 5 S A Ak A
B HS& I Pseudomonas 40 0 SRS ALRE 1155 , %t
IR TR R R fE5E 45 K K /N =
11: 1, Pseudomonas F1 Azoarcus JJT &5 19 Lo ) 3 —
AR, 3K 5 K B R it W I B AR R D RE TR AR
KAZMHA O, ISR RCEH — 2P T Y
HEK C/N=5:1(% 61 K)Af,3 41 SBR
Pseudomonas [ ¥ K IE 2 17% LI, 3 4
SBR U4 R A AL ZR I LR AE 40% oA, IS )
Pseudomonas T 2N J& R G5 H L R HE. 3 41
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Fig. 4 Analysis of the microorganism community structure
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