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WE. LB T HARIERH A ARG E SO AL B S A 038 i (biological aeration filter, BAF) i T2 : Fki-ih A1 BAF T.2.(C-
7 BAF) F1h A -Fi i BAF T2 (Z-C BAF) ,ZEARTR C/N 5040 T B A RCR Bk k2 180 19 BB FL AN PR B F 7S S5 R AT, 25 R 3R,
7-C BAF X TN BV KBRS T C-Z BAF, HAEAK C/N 504 Z-C BAF MBI A, 24 C/N 4 3. 3 i Z-C BAF [ TN
T EBRF L C-Z BAF &1 20% . UAE 2 F A TEARE C/N 00 T B SR AL TR B TE 4540 & B, B C/N IFRAIG 2 Fhdl &
T A AL 40 B B B b = B R 2 BE TR 3 TR IR C/N &4 F L, Z-C BAF BN T B MY nosZ FEALH T-RFs AIXTF2 5 > 20% ,
1M C-Z BAF 44 U T i AS B 2 5 3 nosZ LRI, FIHEMT Z-C BAF (RIS AL S AL DI REOL T C-Z BAF. 7EMIk C/N 4%
T 7-C BAF B ERCRI B 5 T C-Z BAF, I Z-C BAF 164K C/N ELARH A9 AL K b 38757 T 55 A7 9 7.
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Study on the Nitrogen Removal Performance and the Characteristics of

Denitrification Bacterial Community Structure of Biological Aerated Filter

PENG Xiao-lan' ,LIU Cong' ,CHEN Lii-jun'"

(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. Key Laboratory for Water Science and Technology of
Zhejiang Province, Department of Environmental Technology and Ecology, Yangtze Delta Region Institute of Tsinghua University,
Jiaxing 314006, China)

Abstract: The nitrogen removal performance and the denitrification bacterial community structure of two pre-denitrification biological
aeration filter ( BAF) processes with different media combinations, the ceramic-zeolite BAF process ( C-Z BAF) and the zeolite-
ceramic BAF process (Z-C BAF) , were compared at different C/N ratios. The results showed that the average TN removal efficiency of
Z-C BAF was higher than that of C-Z BAF, and the advantage was more notable at low C/N ratio. When the C/N ratio decreased to
3.3, the average TN removal efficiency of Z-C BAF was 20% higher than that of C-Z BAF. Comparing the microbial community
structure of the two combinations at different C/N ratios, it was found that the richness and diversity of denitrification bacterial
community decreased significantly with the decrease of C/N ratio. At low C/N ratio, within the whole oxic filter of Z-C BAF, nosZ
genetic T-RFs were detected with more than 20% relative abundance, whereas no nosZ genetic T-RFs were detected at the upper oxic
filter of C-Z BAF by PCR amplification. The results indicated that the simultaneous nitrification and denitrification function of Z-C BAF
was better than that of C-Z BAF. At low C/N ratio, the nitrogen removal efficiency of Z-C BAF was obviously higher than that of C-Z
BAF. Thus, compared to C-Z BAF, Z-C BAF had greater potential on the treatment of wastewater with low organic concentration and
low C/N ratio.

Key words ; biological aerated filter( BAF) ; pre-denitrification process; C/N; T-RFLP; denitrification bacterial community structure
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IR E N T 2R
AR C-Z BAF Fl Z-C BAF H 2 iy %
EARE BB B IO F AN [R], C-Z BAF A48
b B ST B R, G A D B OB 1 TT Z-C BAF

1.1

SR TR A S SR R T R SPLR RE. B R £ 1)
FAKEMEIER 1 FioRs.

C-Z BAF #1Z-C BAF ¥R B A/0-BAF T
20, AR b A A A b AN A, A 1 .

B E T AL A e A I R 1.3 m A2, 1
m, NFER 0. 08 m A AT HLBE 35 A% il B, v 8] i 2 =
. IR K o X, B AT, HefHUs ob
VEHEAE . ARFEAR I E AR N 10 ~ 30 mm (YRS G
FRFCR BB R 0.1 m. ARIEJR DL AR R 42
M4 ~6 mm FYIEURLZ | R4 I8 R4 4 108 T SEDR) e
HEES BN 0.3 m 0.9 m. {RICZE TG, 77
BAF BifllAER% 0. 3 m ZMSIOK O AIBGECEE O (405
H1~65).

F1 EMEREHN

Table 1 ~ Characteristics of the packing media

WH FifE/ mm HAE/kgom~? WeRUE B/ kgom 3 AL % AW/ mgg™!
PN/S) ¥a) 4~6 2137.4 1932.9 9.74 2.05
e ki 4~6 1.820.6 1668. 4 8.49 0.19

_ly TEHK
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= R 0 K [ 4—
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Fig. 1 Schematic diagram of the separated anoxic/oxic biological aerated filter process
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1.2 JEKAK S B oM i
AR50 FH K R 5 A8 R 2 v K A B 1 9

b, SR 7K 2 Ay 2 A O\ T HE O PR TR TS K. JRK
COD H 44 ~ 254 mg-L™'", AN 7.2 ~ 36.1
mg-L™" TN #9.2 ~36.5mg-L™" ,pH 5 6.6 ~8.2.
IR N Z BE A NH, C1E7Y C/N [, Bikiz
THSHNE 2 PR, BA T TRGE 5, FI 2
FHIEAEHR. 45 T4 A R AR 25 I 22 . COD 2R
PR T M2 6 Bk (HI/T 399-2007 ) 5 & AUK H
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pH i ( pHO. 00-14. 00-0. 01-5900 M4, 55+ .
*2 BITIRSH

Table 2 Operation conditions and parameters

e . e TE B TR IK 115 B A .

sy SN ATERNE gy o
1 1~7 10 1.5 2: 5:1
2 8 ~14 8.4 1.5 2:1 :
3 15 ~21 5.9 1.5 2: 5:1
4 22 ~28 3.3 1.5 2: 5:1

1.3 GUEYIRER A A i
1.3.1 FEACREE
J T ¥ C-Z BAF 1 Z-C BAF fEAJA] C/N 4
1T B R AS AL S B E TR 25 R R AT, 76 T80 2 T
B4 G5 43I C-Z BAF #1Z-C BAF 191 ~6 5
TURE 1 IBORE | 32047 A o B ol 4k B B 2 2 o
(T-RFLP) . HURE I 5 22 50 B — o 1 A 50K}, 8 o
T R R B R R T A A, 6 000 remin ' B
L2 min JFHL0.2 g {5 RHEHCE DNA. A T 0 %
14°F,C-Z BAF Fl Z-C BAF WS FRA= e 5 4 5 5 BL
FEH B DG R ANER 3 K.
#3 BROSHIFSHELR
Table 3 Relationship between the sample site and sample number
Wk
15 25 3% 4% 5% 6%
C-Z BAF  2-1 2-2 2-3 2-4 2-5 2-6
7-C BAF 2-1' 2-2' 2-3' 2-4' 2-5' 2-6'

BiH  SUREA

T2

CZBAF 4.1 42 43 44 45 46
Z-C BAF 4-1" 4.2 4.3 44" 4.5 4.6

T4

1.3.2 T-RFLP Y JEA A%

(1) . DNA #£Ht

SR EEREA B DNA 2B & V212 (1
R K717 ) $EBUASFE 5 19 5. DNA  F2R FH iR %
R 0. 1% LR WHEE R FL UK 43 B 45 7 . $EHUAY DNA Ji
BAE -20°C FRAE.

(2)PCR 14

S B AL ) BE LN nosZ FER 64T PCR ¥ 38,
BB E R

nosZ-F:5'CGYTGTTCMTCGACAGCCAG3';

nosZ-R:5'CATGTGCAGNGCRTGGCAGAA3' ;

AT MR I FE . M=A+C; N=A +C
+G+T; R=A+G; Y=C+T.

Ho nosZ-F 19 5/ 35 FAM 2GR AR, 5149
M AR TAEY) TG BRA FG . PCR 2 50 pL

W WK 28, Hoip A5 25 wLlTag HS i ( TaKaRa, H
A),22 uL ddH,0, 1 pL 514 nosZ-F,1 pL 514
nosZ-R Ml 1 uL DNA #ifl. KN #E 0.2 mL PCR 4
(AXYGEN, 2 [H) s 47 8 L 504 vom A
LIRS JE S BKE PCR 4 LA PCR A6 264X
(Thermo P x 2,3 ) 1. PCR ¥4 &2 R . 94C
A 3 ming 94°C A5 20 s,65°C 1B 2k 30 s,72°C 4E
30 s,1 DGR ; 94°C 284 20 s,62°C iR k 30 s,
72°C HEAH 35 5,2 MEHR; 94°C 75 20 s,59°C 3B k
30 s,72°CHEfH 40 5,3 MEFR; 94°C A5 20 5,56°C
1Bk 30 s,72°C FEAH 45 5,4 DGR ; 94°CAEE 20 s,
53°CiEk 30 s,72°C #Ef#1 50 5,5 MG ; 94°C ZE 1
20 5,50°C ik 45 s,72°C #Ef1 60 s,25 MEFR; 72C
FEAH 10 min. PCR #3479 H BT i W B2 0 1% B hR
WHEEIE LK AT 70 .

(3) PCR ¥ ¥4/=yyimalifh . BeD1-5005

PCR 4" 3 7= ¥ Fl 4l AL i 7] & QIA quick PCR
Purification Kit( Qiagen, 78 ) #1174k, K H Sau96
1 BR i 44 PN ) i ( Fermentas , 1K) XF 4l 4k 5 1
PCR PE¥)EAT Y. 78 37°C FIRIA 6 h. SRJG1E 65°C
FAF IR 20 min (EEGR TG, BEDI -0k 2L a0k
FERLP LA BT 0 R 17 2 I 494 ( GeneScan ) , 15 %]
T-RFLP &3,

(4) Bdlsrbrorik

T-RFLP i%& ] GeneMap 3.7 ( F&[E ABI 23 7))
FRFPHEAT 0 M, UG8 B SORFU Ry 32k, iR 1
GS5001liz /f A AR, 34 2 <50 bp Al >500 bp B H
BEOK b 3RS B9 BOHRIE ) T-REX 76 28 % fF F
SPSS S HATER G 43 HT.

2 HREH

2.1 A[E C/N &M TF T2 5E

AE C/N &4 F C-Z BAF F1 Z-C BAF %} COD
2B AN 2 Frs. el I 2 R & 7F C/N
>3.3 3 NTHF, H COD ZHERF W E1E 80%
PLESF# K COD e BE <16 mg-L™". 24 C/N =
3.3 i}, B4R C-Z BAF il Z-C BAF [ COD =581y
FET T, T35 B8R 5300 R 72% 1 76% A5 Hi K
COD -k B4 /NF 14 mg-L~".

ANE C/N % 1FF C-Z BAF #l Z-C BAF Xt
NH, -NAYEBRZCR K 3 fis. N al W% C/N
ARG I, 2 Bh2HA XENH, -NAY £ R IR & R E
FE95% L) I, i KNH, -NIREEH/NT 0.4 mg- L7
SR , 55 C-Z BAF AL, Z-C BAF XFNH, -NfJERRHK
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Fig. 2 Influence of C/N ratio on the COD removal rate of C-Z BAF and Z-C BAF
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Fig. 3 Influence of C/N ratio on the NH, -N removal rate of C-Z BAF and Z-C BAF
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Table 4  Contribution of arobic filter in TN removal
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