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Achievement and maintenance of denitrifying phosphorus removal
in step feed nutrient removal process
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Beijing University of Technology . Beijing 100124, China;*State Key Laboratory of Urban Water
Resource and Environment , Harbin Institute of Technology., Harbin 150090, Heilongjiang, China)

Abstract: Denitrifying phosphorus removal was stably achieved with a biological step feed nutrient removal
process from real municipal wastewater. The effects of operational parameters on the denitrifying
phosphorus removal and the improvement of nutrient removal by intensifying anoxic phosphorus uptake as
well as control strategies about maintenance of denitrifying phosphorus removal in the modified University
of Cape Town (UCT) step feed process were discussed. The results indicated that denitrifying
accumulating bacteria (DPAQOs) could be successfully enriched with the maximum proportion and anoxic
phosphorus uptake rate of 39. 2% and 3. 19—4. 48 mg P+ (g VSS) ! « h™! respectively, according to the
process shift from the A/O model to the modified UCT model. Both anoxic and aerobic phosphorus uptake

rates and phosphorus removal efficiency increased with the increase of anaerobic volumes, and the optimum
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anaerobic/anoxic/oxic volume distribution was 34/102/2041. (1/3/6). When the sludge return ratio and
internal recycle ratio were respectively set at 100% and 75%, it was beneficial to the achievement of true
anaerobic environment in anaerobic zones with ORP of — 400—— 150 mV and suitable mixed liquor
suspended solids concentrations and nitrate 1—2 mg * L' in anoxic zones, all of which aided to enhance
the denitrifying phosphorus removal performance In addition, several control strategies were as well
established as follows: (1) Control the internal recycle ratio by the value of ORP in anaerobic zones; (2)
Adjust sludge return ratio according to nitrate in anoxic effluent; (3) Set the volumes ratios based on the
anaerobic phosphorus release amounts and COD concentrations; (4) Regulate the influent distribution

according to influent nutrient ratios

Key words: step feed; nitrogen and phosphorus removal; UCT; denitrifying phosphorus removal
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Fig 1 Schematic diagram of pilot-scale modified UCT step feed BNR process
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1
Table 1 Characteristics of influent wastewater
pH  COD/mg+L ! NH;-N/mg+L ! NO, -N/mg+ L ! NO;y-N/mg+L"! TN/mg-L ! PO} -P/mg-L"! TP/mg-L"!
74404 3084172 510418 8 0. 0740, 32 0.91+1 39 52 9417 1 3. 9245, 49 6. 4376, 22
) 50 2
cm, , 60°, Table 2 Experiment approach of step feed process
90 cm, 88 L, . Runs Experimental approach
enrichment of DPAOs (1) A/O step feed process
° N N (2)modified UCT step feed process
o effects of operational (1)anacrobic/anoxic/oxic volume ratios:
R i parameters on denitri-  17/119/204 L;25. 5/110. 5/204 L;34/
12 fying phosphorus  102/204 L;42. 5,/9315/204_ L
removal (2) sludge return ratios: 25%; 50%
, 75%3100% 5125 %
s 1, (3) internal recycle ratios: 50%; 75% ;
’ ) 100 %
o , 12 h, ,
2d, . ’
UucCT
1.3 ,
0. 45 pm , Lol |
NH, -N, NO,-N, NO;-N, .
PO} -P, COD, MLSS 40% = 30% =
MLVSS 3, WTW level-2 pH 30%. HRT 8 h. SRT 8d o,
pH , WTW, pH/ C/N (C/N<C6), 3
oxi340i (ORP) / / COD,
(DO, Oehmen PHA , : (1) COD )
ol Agilent 6890N Agi- ;
lent DB-1 . 3- 50mg -+ L', COD
3 (95% : 5%, Fluka, BuchsSG, . (2) )
Switzerland) B- (PHB) B- NH, -N 99%, TN 8 01~11 2
(PHV) , - ( Sig- mg+ L7, 81. 2% ~86. 4%,
ma-Aldrich) B- - (PH2MV) C/N
o ) A . (3
1.4 / / ,
PO; -P ,
) 2, 5% PO;” -P
40% + 30% * 0.28mge+ L', ,
30%, HRT 8 h, SRT .
8d, 20~24°C, 2.2
9 A/O )
2.1 50%~70% .,
A/O . ) TN
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3
Table 3 Mean removal efficiencies of several pollutants during different states
Parameter Value Item COD NH/-N  NO; -N TN PO} -P

anaerobic/anoxic/oxic volume ratio 17/119/204 L influent/mg « L7} 285 53. 5 0. 81 57. 1 5. 47
effluent/mg « L7! 43. 6 0. 15 8 61 10. 6 1L 29
removal efficiency/ % 84. 7 99. 7 — 81 4 76. 4
25.5/110. 5/204 L influent/mg « L~! 263 54. 1 0. 83 58 3 5. 58
effluent/mg « L°! 42. 4 0. 23 8 12 10. 3 0. 93
removal efficiency/ % 83. 6 99. 6 — 82. 4 83. 2
34/102/204 L influent/mg « L™! 272 52. 8 0. 94 59. 6 5 96
effluent/mg « L™! 39. 2 0. 11 8 52 11 2 0. 27
removal efficiency/ % 85. 5 99. 8 — 81 2 95 5
42.5/93.5/204 L influent/mg « L7! 268 49. 3 0. 58 55. 8 6. 78
effluent/mg « L7} 39, 7 0. 09 8 94 9. 88 0. 34
removal efficiency/ % 85. 2 99. 8 — 82. 3 95. 1
sludge return ratio 50% influent/mg * L7} 254 53 2 1. 01 56. 8 5. 27
effluent/mg + L7! 39. 3 0. 28 7.52 9. 73 0. 49
removal efficiency/ % 84. 2 99. 5 82. 8 90. 8
5% influent/mg « L! 242 54. 6 0. 62 58 2 6. 67
effluent/mg « L7! 36. 1 0. 20 6. 34 8 29 0. 24
removal efficiency/ % 84. 9 99. 6 — 85. 6 96. 4
100% influent/mg « L™} 236 53. 8 0. 77 58 8 5. 94
effluent/mg +» L~! 38 8 0. 18 6. 35 8 01 0. 19
removal efficiency/ % 83. 5 99. 7 — 86. 4 96. 8
125% influent/mg « 7! 259 5L 5 0. 49 58 6 6. 48
effluent/mg « L™! 37.3 0. 26 8 22 9. 43 0. 75
removal efficiency/ % 85. 6 99. 5 — 83. 9 88 5
internal recycle ratio 50% influent/mg « L7} 248 53.7 0. 47 56. 2 5. 06
effluent/mg « L7! 39. 5 0. 31 7. 49 9. 72 0. 52
removal efficiency/ % 84. 1 99. 4 — 82. 7 9L 2
75% influent/mg + L~ 239 55. 7 0. 68 580 6 73
effluent/mg « L™! 36. 5 0. 23 6. 23 8 32 0. 28
removal efficiency/ % 85. 0 99. 6 — 85. 5 95. 8
100% influent/mg « L' 246 53. 3 0. 36 59. 3 6. 06
effluent/mg » L ! 41. 3 0. 06 6. 35 8 03 0. 68
removal efficiency/ % 83. 2 99. 9 — 86. 5 88 8

C/N 450
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’ ° modified UCT step feed process
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Fig 5 Effects of sludge return ratios on pollutant

removals and anoxic phosphorus uptake ratios

Fig 6 Effects of internal recycle ratios on phosphorus

removal pathways and efficiencies
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