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Optimization of a Modified UCT Step Feed Process Treating Municipal

Wastewater
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(1. Key Laboratory of Beijing for Water Quality Science and Water Environment Recovery Engineering, Beijing University of
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Abstract: A pilot-scale modified UCT step feed process was proposed to treat the municipal wastewater with lower COD/N in a large-
scale wastewater treatment plant. Effects of influent distribution ratios and nutrients ratios (COD/N,COD/P and TN/P) on nutrients
removal capabilities were importantly investigated. The removal mechanisms of organics and nutrients and sludge characteristics were
ultimately discussed. According to the continuous experiments, the stable and high process performance was obtained. The average
COD removal efficiencies and effluent concentration of (83.8 +£3.86)% and (43.7 +8.35) mg/L were achieved in the influent COD
loading of 0. 79-0. 93 kg/(m’-d). The COD removal in anaerobic and anoxic zones accounted for 60. 2% -76.2% . With the influent
distribution ratio of 40% :30% :30% , as much as 88.2% of TN removal efficiency was observed. It should be considered the removal
of 32.8% through simultaneous nitrification and denitrification process. The average effluent NH, -N and TN were (0.21 +0.20)
mg/L and (7.90 £ 1.27) mg/L, respectively. It was extremely important that as much as 32.6%-39.5% of the denitrifying
phosphorus accumulation organisms contributed to the high phosphorus removal efficiency of 97. 2% . A linear positive relationship was
observed between nitrogen removal efficiency and COD/N in the range of 4. 64 and 7. 41 (R> =0.96). Phosphorus removal efficiency
was found to be a function of the influent COD/P and TN/P, varying from 35.0 to 92. 5 and from 6. 24 to 12. 5, respectively (R* =
0.87 and R> =0.89). In addition, the great sludge settleability was obtained with the mean SVI of (82.6 +4.99) mL/g.

Key words: step feed; inflow distribution ratios; nitrogen and phosphorus removal; simultaneous nitrification and denitrification
(SND) ; denitrifying phosphorus removal; University of Cape Town( UCT)
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Schematic diagram of pilot-scale modified UCT step feed BNR process
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Fig.3  Variation profiles of nitrogen with four influent distribution ratios
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Table 1  Effect of inflow distribution ratios on the modified step feed process performance
1 2 3
/% /mg-L7! ! ! 2 2
AP AN 2 AN 3 AN
COoD 269.7 86.5 61.5 38.2 59.9 40.8 62.9 49.0 48.9
NH, -N 56.7 14.7 7.89 0.21 19.0 0.72 20.4 8.43 8.31
20:30:50 NO;y -N 0.22 1.05 4.03 8.03 4.39 3.78 11.6 10.5 7.43  13.1 6.38 12.9
NO; -N 0.02  0.02 0.33 0.03 0.00 0.00 0.08 0.004 0.01
PO;™ -P 12.4 11.8 0.60 3.66 4.81 2.93 3.21 2.44 2.47
COD 289.5 105.3 47.8 40.3 65.4 39.4 53.2 49.4 47.8
NH, -N 49.9 19.3 12.8 0.41 21.3 0.75 13.6 0.00 0.00
30:40:30 NOj -N 0.01 0.87 3.99 9.68 2.95 2.64 11.3 11.91 2.44  10.5 5.59 10.2
NO; -N 0.00 0.01 0.44 0.05 0.03 0.01 0.06 0.01 0.00
PO;™ -P 6.36 21.05 14.0 7.05 1.27 1.84 0.95 1.02 1.08 1.11
COD 289.0 128.8 49.7 44.3 60.4 41.9 51.1 40.1 32.7
NH, -N 55.6  26.8 19.5 0.61 18.6 0.92 13.1 0.00 0.00
40:30:30 NO; -N 0.18 0.13 1.29 6.01 5.64 1.37 8.58 10.74 1.56 6.68 8.16 6.53
NO;, -N 0.03 0.03 0.53 0.08 0.27 0.00 0.27 0.09 0.08
PO;” -P 5.98 29.7 9.36 20.3 0.33 0.52 0.38 0.52 0.41 0.42
CoD 287.6  156.7 65.7 43.3 62.8 48.3 48.9 47.9 47.2
NH, -N 54.39  30.9 22.6 4.52 23.3 2.03 9.43 0.01 0.00
50:30:20 NO;y -N 0.14  0.99 6.75 17.6 7.81 9.32 15.8 15.8 9.55 16.0 2.96 15.7
NO, -N 0.31 0.02 0.61 0.03 1.26 0.25 0.39 0.40 0.35
POy~ -P 5.58 31.2 11.2  20.0 0.21 0.51 0.04 0.31 0.08 0.09
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