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Abstract: In view of the carbon deficiency for denitrification in polluted source water a enhanced biofilm denitrification via stepfeeding was studied in

1 1

this paper. Results showed that the utilization efficiency of carbon source in the remediation system increased from 0. 199 mgemg™" to 0. 211mg*mg "
after two stepfeeding process was applied and the removal efficiency of total nitrogen ( TN) simultaneously increased from 29.5% +2.2% 10 35.0% +
2.7% . Meanwhile the effluent concentrations of permanganate index ( CODy,) and ammonia nitrogen ( NH," N) steadily reached Grade I of
‘Environment Quality Standard for Surface Water’ ( GB3838—2002) . The result of PCR-DGGE showed that the bacteria diversities of biofilms in the
middle and the end of the remediation system both increased to the same level as that in the front part after two step-feeding process applied. The dominant
bacteria in biofilms belonged to Hyphomicrobium Pseudomonas Pantoea Synechococcus which was mostly associated with denitrification and refractory
organics utilized. The results demonstrated that the biofilm remediation system with stepfeeding process favored the denitrification microorganisms

enrichment and pollutants removal in the oligotrophic environment.
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1 ( Introduction)
1
( 2009) . 2.2
( 1) (
1)
( Dahab et al. 1994; Shrimali et al. 2001; Camargo
et al. 2006) . 1.
N | 48 mLemin~'; I
~ . () (Z1) (22)
24 mLemin~" 24 mLemin "'
( Khatoon et al. 2007; Qin et al. 2008; Wu et al. COD. (NH, N) .
2009; 2010) . (TN) .
(22) (23)
I n z2 73
|
( Zeng et al. 2005; Ghafari er al. 2008; Zhang 0.06 ~0. 66
et al. 2009) .
( Karanasiosa et al. 2010) .
( Aslan et al.  2005)
( Shao et al. 2009) . ( Ovez et al.
2006) . ( Aslan et al. 2005)
1 (1 Q=48
mLemin~'; 2. Q=24 mLemin""; 3. 14
;5. B1;6. B2;7.
B3;,71.72.73 N )
N Fig. 1 Schematic diagram of the simulated river biofilm reactor
(1.1Influent Q =48 mLe*min~"; 2. Step feeding Q =24
mLemin~"; 3. Elastic filler; 4. Effluent; 5. Biofilm sample
2 ( Materials and methods) Bl; 6. Biofilm sample B2; 7. Biofilm sample B3; Z1 72
73 refer to the front middle and back zones of the reacor)
2.1
2.3
150 cm 30 2.3.1 COD,, -NH, N.TN
cm 16 cm 30 ¢cm 0.5% 4 ( 4
100L 1. ) X 2002)
TA-II 3 : DO, YSI 550A
200mm . .
200 ~300 m*m ™ 2.33%(V/V) 2.3.2  PCR-DGGE 1) 16S
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rRNA PCR DGGE
(40 ~50 d) 2 3 5 min;
ml 1 ml. EDTA 10min 50 uL TE(pH =8) 4 C
1 x10*r*min "' 2 min ; 16 h; 45 C 2 h 4 C
1 mLL EDTA N . 0.5 h 10000 r*min~" 1 min ;
E. Z. N. A™ Soil DNA kit DNA PCR P338f( GC
( OMEGA) 16s rRNA 16S rRNA ) \P518 1. 50 pL. PCR : 10 x PCR
-20°C .PCR 16S rRNA V3 Buffer( Mg’ 15 mmol*L.™") 5 uL; ANTP Mixture( 2.5
: P338f P518r ( Lapara et al. mmol*L.™") 4pl; 0.5 wL(25 pmol L") ; Taq
2002) . 50 L PCR: 10 x PCR DNA (5 U°de71) 0. 25 pL; DNA 5
Buffer( Mg’* 15 mmol*L™") 5 pL; ANTP Mixture( 2.5 wL;  DEPC 50 pL. PCR 194 C
mmol*L.™") 4 pL; 0.5 wl(25 pmol*L™"); Taq 5 min; 94 °C 305 55 C 30s 72 C
DNA (5 UspL™") 0.25 pl; DNA 60 s 35 ; 72 C 7 min.
5 pL;  DEPC 50 pL. PCR PCR 0. 8%
194 °C Smin; 94 °C 30 s 55 C Takara( ) Blast
30s 72 C 1 min 30 72 C GenBank ( http: //
7 min. PCR . PCR www. ncbi. nlm. nih. gov/blast/) .
0.8% L GoldView | ]
3 ( Experimental Results)
254nm PCR .2) DGGE
PCR DGGE Bio Rad Dcode™ 3.1
8% ( )
( Acrylamide /Bis-Acrylamide 37.5:1) ( ) COD,,, ~NH, N
10% APS( ) 80 pL TEMED(N N N- TN 1 .
N"- ) 18 pL; TN 29.5% +2.2%  35.0%
30% ~60% ( 100% 7 moleL™! +2. 7%
40% (V/V) ) - DGGE 30 ; CODy,,
wL 30 V.60 C 30 min 35%
155 V.60 °C 5~6 h; 6 mgeL™' ¢ »
SYBR GREEN [ 30 min dH,O0 I ; NH, N
Smin GelDoc2000
Quantity One 4.6 0.2 mgL™".
DGGE .3)
1
Table 1  Pollutant Removal performance of the two biofilm remediation processes
| I
/(mgeL™") /(mgeL™") /(mgeL™") /(mg+L.7")
CODy, 8.79 £0.84 5.58 £0.47 36.39% +3.36% 8.56 £0.97 5.47 £0.40 35.80% +3.20%
NH,” N 0.66 0. 14 0.12 +0.02 80.39% +5.48% 0.31 +£0.09 0.13 £0.01 52.56% +4.93%
TN 1.98 £0.06 1.39 +0.04 29.52% +2.20% 1.86 £0.14 1.21 £0.07 34.98% +2.65%
|
NH,” N 71 COD,,, (6.1+0.4) mgeL™'
COD,, 2 72.73 ; NO; N
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71 73 II
. ; 0.199 mgemg ' 0.211 mg*mg™" 72
72 73 ™ 73 NO; N I
coD,, ™ 35.0%.
2 NO; N.COD,,,
Table 2 Removal performances of NO; -N and COD,, in different zones of the two biofilm remediation processes
71 72 73
/(mgeL7") /(mg-L") /(mgeL") /(mgeL7")
NO; N 1 0.20 £0.04 0.58 +0.22 0.69 +0.25 0.73 £0.24
I} 0.23 +0.04 0.63 £0.07 0.57 £0.08 0.62 +0.08
CODy, 1 8.79 £0.84 6.08 +0.43 5.75 £0.47 5.58 £0.47
I 8.56 £0.97 5.49 +0.46 5.76 £0.47 5.47 £0.40
B2-1 B3-I  BI-I B2-TI 2.29
' |
. | 3 DGGE
Table 3 Dice coefficient comparing the similarity of DGGE fingerprints
L l | from the biofilms
t— — DGGE
4 E 1 2 3 4 5
. |
+ - B2-1 1 100.0% 64.1% 58.8% 63.0% 56.0%
J — - -
Pr— T L B3-1 2 64.1% 100.0% 69.8% 59.6% 66.0%
: 'j‘ B1-II 3 58.8% 69.8% 100.0% 83.0% 86.6%
p— B2-1I 4 63.0% 59.6% 83.0% 100.0% 74.6%
El e s 4 s B3-1TI 5  56.0% 66.0% 86.6% 74.6% 100.0%
2 DGGE ( 1—8
L1—L5 B1.B2 B3 . 2.6 ¢
24
I o I ) b
Fig. 2 The DGGE profiles of 16S rRNA fragments obtained from 20 |
the biofilms( Band label 1—8; lane label L1I—L5; Bl B2 1.8 -
and B3 were biofilm samples from the front middle and the o ii E
end of the reactor respectively; [ and Il refered to phase 1j2 C
I and phase II) 10 -
08 |
3.2 16S rRNA PCR-DGGE OF
02 F
0
16S rRNA PCR-DGGE B2-1 B3-1  BI-I B2-I  B3-II
Quantity one
3 DGGE Shannon
3 3. 1 Fig. 3 Shannon index of the DGGE fingerprints from the biofilms
B2.B3 B1
58.8%  69.8%; DGGE
(1) 83.0%  86.6%. (4 -
( ) proteobacteria~ y-proteobacteria. Cyanobacteria
I Chloroflexi 99%
2.29 2.15 2.06 I N
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4

16S rRNA DGGE

Table 4 Sequences of 16S rRNA DGGE fragments from the biofilms

1 Uncultured Pseudomonas sp.  AM711878. 1 100% y-proteobacteria
2 Synechococeus sp. ACT9807 G(Q422959. 1 100% Cyanobacteria
3 Pantoea sp. 1-Bh2021 FN555402. 1 100% y-proteobacteria
4 Uncultured Chloroflexi bacterium FJ916310. 1 100% Chloroflext
5 Uncultured Hyphomicrobium sp.  GU257860. 1 100% a-proteobacteria
6 Pseudomonas putida strain d92  FJ950674. 1 99% y-proteobacteria
7 Hyphomicrobium sp.  AM502926. 1 100% a-proteobacteria
8 Uncultured Pantoea sp. GU569157. 1 100% y-proteobacteria
4 ( Discussion)
TN
29.5% +2.2% 35.0% +2.7%
I I}
( 2) | Pseudomonas
71 72 73 Synechococcus « Chloroflexi ~ Pantoea Pseudomonas
72 73 72
( 1) N
0.199 mgemg™' (Su etal. 2006);
0.211 mgemg™' Synechococcus
(
( Aslan et al. 2005; Shao et al. 2009) . 2004) ; Chloroflexi bacterium
( Yuki et al.
2007)
( Yamada et al. 2005)
( Aslan et al. 2005) . ; Pantoea
( Braker et al. 2010)
TN
( » I I I N
(B2-1  B3-II)
DGGE 5. 6 7
5 7 Hyphomicrobium
100% 6  Pseudomonas putida  100%
Hyphomicrobium
Pseudomonas putida (
)

( Labbe et al. 2007; Green et al. 2010) .

TN
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5 ( Conclusions)

N

TN 29.5% +2.2%
35.0% +2.7%.
2) PCR-DGGE

Hyphomicrobium Pseudomonas  Pantoea

(1964—)
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