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Effect of enhancing denitrifying phosphorus removal on

microbial population variation in A0 process
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Abstract: Enhanced denitrifying phosphorus removal in anaerobic anoxic/oxic ( A0) process is an
effective way to increase the removal efficiency of nitrogen and phosphorus when treating low C/ N ratio
domestic wastewater. In this study, a 52 5L pilotscale reactor, based on plug-flow A*O configuration,
was used to treat domestic wastewater. In addition, the microbial population variation was investigated by
polymerase chain reactiorr denaturing gradient gel electrophoresis (PCR-DGGE) . Theresults showed that
the microbial community structure and dominant bacteria changed with the variation of wastewater quality
and operating parameters. T he dynamic change of microbial population was consistent with the variation of
operation. Sequence results of DGGE bands showed that the dominant bacterial community in the system
was Proteobacteria. A cinetobacter may be responsible for the traditional biological phosphorus removal

in the system, but it disappeared gradually with the enhancement of denitrifying phosphorus removal
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Uncultured Chlorobi bacterium increased with the enhancement of denitrifying phosphorus removal and it

might be the major denitrifying phosphate accumulating organisms (DPAOs) in the system.

Key words: wastewater treatment; biological nitrogen and phosphorus removal; DGGE; microbial

population variation
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1—feed tank; 2—peristaltic pump; 3 —anaerobic zone;
4—anoxic zone; 5—aerobic zone; 6—stirrer;

7—airflow meter; 8 —air compressor
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d', HRT ( ) 8h, 10x baffer 5 11, dNPT 4 Hl, BSF8 (20
SRT ( ) 15~ 20 d, Umole« L™") 2 M, BSR534 (20 Hmol* L™")

70%, MLSS ( 2 1, Ex Taql. 25U, ddH>0
) 3500~ 4000 mg* L' 5041 PCR 94°C 8 min,
, A/O 30 (94C40s, 55C40s, 72°C
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L2 - 20C PCR
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L', TN57 80mg*L™', TP456mg*L"" v 16 h, 8 ul,
s Bio Rad DCode
COD , NH4Cl KH:2PO4 DGGE
, ) Quantity One (v4 6)
[11], MEGA (v3 1) \
C/N : [13-14], GenBank
COD 243 6 mg* L™, TN 5503 mg* L™', TP
8 75mg L'
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1. DNA Table1 DPR ratios in different wastewater qualities
DNA ’ DNA and operating conditions
50 K1 2 mmol* L™"  TrisHCI (pH 8 0) e O/ Volume ratio Nitrate recyde  DPR
, 0 8% DNA S (anaerobic/ anoxic/ oxic) ratio/ % ratio/ %
16S rRNA BSFS§ ( 5% - B 6 45 1/1/2 200 25
¥ /1/2 2 4
AGAGTTTGATCCTGGCTCAG-3)  BSRS34(S - o -~ .
ATTACCGCGGCTGCTGG-3) DNA E 443 1/1.4/1.6 250 60
PCR 50 M1 F 4 43 1/1.4/1. 6 300 53
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Fig: 3 UPGMA tree of microbial community profiles bacterium) ,
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Table 2 Nearest GenBank relatives of amplified bacterium ,
16S rRNA gene sequences excised from DGGE gds ,
Ban, acijiiin:o Nearest GenBank relatives (similarity) 53%
W1 FJ440538 Uncultured N itrosococcus sp 92% 3
w2 FJ440539  Pseudomonas sp 99%
W3 FJ440540  Uncultured Chlorobi bacterium 98% ( 1) A%0
W4 FJ440541 A cinetobacter sp 99%
W5 FJ]440542 Uncultured o Proteobacterium 93% C/N
W6 FJ440543  Alcaligenes f aecalis strain 100% C/N 4. 43, / /
w7 FJ]440544 Uncultured ¥ Proteobacterium clone 99% 1/ 1 4/ 1. 6, 250%
W8 F 440545 Uncultured A ctinobacterium clone 86% i 60%
w9 FJ440546 Uncultured bacterium clone 96%
W10 F 1440547 Uncultured bacterium clone 93%
W11 FJ440548  Uncultured ¥ Proteobacterium clone 99% ( 2) AZO
W12 FJ440549 Uncultured Enterobacteriace ae
bacterium clone 100%
W13 FJ440550 N itrosococcus mobilis 89%
>
, 13 , 10 A cinetobacter , Uncultured
(Proteobacteria) , Chlorobi bacterum (
o Proteobacteria ( 1) B-Proteobacteria )
(3) Y- Proteobacteria (6) 3 1
References
(A ctinobacteria) , 2
[1] Hascoet M C, Florentz M. Infuence of nitrates on biological
phosphorus removal nutrient wastewater Water SA. ,
’ 1985, 11 (1): 2326
B Pro [2] KubaT, van Loosdrecht M C M, HeijnenJ } Phosphorus
teobacteria , (0 and nitrogen removal with minimal COD requirement by
Proteobacteria, Proteobacteria A ctinobacteria integration of nitrification in a two sludge system Water
Res , 1996, 42 (1/2): 1702 1710
’ .19 [3] Hu Z, Wentzel M C, Ekama G A.  Anoxic growth of
B-Proteobacteria phosphate accumulating organisms ( PAOs) in biological
nutrient removal activated sludge systems Water Res. ,
2002, 36: 49274937
, DGGE [4] Kuba T, van Loosdrecht M C M, Brandse F A, et al.
Occurrence of denitrifying phosphorus removing bacteria in
modified UCT-type wastewater treatment plants Water
Res , 1997, 31 (4): 77F 786
, R [5] Ostgaard K, Christensson M, Lie E, et al. Anoxic



AZ0

* 191 -

[ 6]

[7]

[8]

[9]

[10]

[11]

biological phosphorus removal in a fulkscale UCT process

Water Res , 1997, 31 (11): 27192726

Barat R, van Loosdrecht M C M. Potential phosphorus
recovery in a WWTP with the BCFS process:
interactions with the biological process Water Res , 2006,
40: 3507-3516

Wang Xiaolian ( ), Wang Shuying ( ), Ma
Yong ( ), Peng Yongzhen ( ). Anoxic

biological phosphorus removal and effect of excessive

aeration on biological phosphorus removal in A20 process

Journal of Chemical Industry and Engineering ( China)

( ), 2005, 56 (8): 15651570
Wu Changyong ( ), Peng Yongzhen ( ),
Peng Yi ( ). Biological nutrient removal in A20

process when treating low C/N ratio domestic wastewater
Journal of Chemical Indusiry and Engineering ( China)
( ), 2008, 59 (12): 31263131

Yuan Z, Blackall L L Sludge population optimisation: a
new dimension for the control of biological wastewater
treatment systems Water Res , 2002, 36: 482490
Yuan Z, Oehmen A, Peng Y,

optimisation in biological nutrient

et al. Sludge population

removal wastewater

treatment systems through omrline process control: a
review. Rev.  Environ. Sci  Biotechnol , 2008, 7:
243254

Smolders G J F, van der Meij J, van Loosdrecht M C M,

etal. Model of the anaerobic metabolism of the biological

phosphorus removal process: stoichiometry and pH

1994, 43: 461470

influence Biotechnol. Bioeng. ,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Wachtmeister A, Kuba T, van Loosdrecht M C M. A
sludge characterization assay for aerobic and denitrifying
phosphorus removing sludge Water Res., 1997, 31 (3):
47+ 478

Guan L. L, Hagen K E, Tannock G W, et al Detection
and identification of L actobacillus species in crops of broilers
of different ages by using PCR- denaturing gradient gel
electrophoresis and amplified ribosomal DNA restriction
an aly sis Microbiol. , 2003, 69 (11):

67506 6757

Freitag T E, Prosser ] I Community structure of ammonia

Appl Environ

marine  sediments.

1359-1371

et al. Characterization of

oxidizing bacteria within  anoxic
Appl Environ Microbiol , 2003, 69 (3):
Ahn J, Daidou T, Tsuneda S,
denitrifying phosphate accumulating organisms cultivated
under different electron acceptor conditions using polym erase
chain reactiorr denaturing gradient gel electrophoresis assay.
Water Res. , 2002, 36: 403412

Hao Xiaodi (
Yali ( ). Misunderstanding in mechanisms and
processes of enhanced biological phosphorus removal China

), 2008, 24 (6): F5

Wang X, PengY, WangS, etal. Influence of wastewater

), Zhang Xiangping ( ), Cao

Water Wastewater (

composition on nitrogen and phosphorus removal and

process control in A20 process

2006, 28: 397404

Bioprocess Biosyst. Eng. ,

Fuhs G W, Chen M. M icrobiological basis of phosphate
removal in the activated sludge process for the treatment of

Microb. Ecol , 1975, 2 (2): 119138

wastewater



