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Fig. 1 Schematic of moving-bed SBR for treating
livestock wastewater
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Table 1 Distribution of the operational cycle of reactor

Cycle
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Aerobic
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Table 2 Factors and their levels used in the
experimental design

Variables Range and levels
-1 0 +1
Sludge retention 10 15 20
time (d), A
Temperature (°C), B 10 20 30
Aeration rate (I 7 0.1 0.2 0.3
B, C
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Table 3 Experimental and predicted values for each design point

Run Variables Responses
A B C 9 (%) 9: (%) 9x (%) 9% (%)
1 10 20 03 90.2 90.62 80 80.68
2 10 10 0.2 76.10 75.13 70.30 69.88
3 15 20 0.2 85 85.04 83 87.44
4 20 30 02 74.90 75.86 80.20 80.61
5 15 20 0.2 85.10 85.04 88 87.44
6 15 10 0.1 84.50 85.06 76.60 77.25
7 20 20 03 92.20 91.80 84.90 85.13
8 15 30 03 84.50 83.93 78 77.35
9 10 30 0.2 76 76.13 88.10 88.06
10 15 20 0.2 83 85.04 89 87.44
11 15 10 03 89.90 90.43 70.40 70.12
12 15 20 0.2 86.10 85.04 88 87.44
13 20 10 02 88 87.86 82.50 82.53
14 10 20 0.1 80.80 81.20 90.80 90.56
15 15 30 0.1 81.10 80.56 86 86.27
16 15 20 0.2 86 85.04 89.20 87.44
17 20 20 0.1 92.90 92.47 92 91.31
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Table 4 ANOVA results for response function Y1 and Y>
Responces Source Sum of Degree of Mean F-Value p-value

Square freedom Square Prob > F
Model 461.64 9 51.93 35.93 <0.0001
A-SRT 77.50 1 77.50 54.28 0.0002
B-Temp. 60.50 1 60.50 42.37 0.0003
C-Aeration rate 38.28 1 38.28 26.81 0.0013
AB 42.25 1 42.25 29.59 0.0010
Y1 AC 25.50 1 25.50 17.86 0.0039
B? 112.00 1 112.00 78.44 <0.0001
C? 110.27 1 110.27 77.23 <0.0001
Residual 9.99 7 1.43
Lack of fit 3.78 3 1.26 0.81 0.5501
Pure error 6.21 4 1.55
Model 677.61 9 75.29 18.64 0.0004
B-Temp. 132.03 1 132.03 32.69 0.0007
C-Aeration rate 128.80 1 128.80 31.89 0.0008
AB 101.00 1 101.00 25.01 0.0016
Y2 B2 281.05 1 281.05 69.59 <0.0001
Residual 28.27 7 4.04
Lack of fit 2.40 3 0.80 0.12 0.9414
Pure error 25.87 4 6.47
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Table 5. Statistical analysis of results for response parameters

Response  p-value R? R2 RPZ CV% AP PRESS?
Adj red
Y1 <0.0001 0.9788 0.9516  0.8511 1.41 18.918 70.23
Y, 0.0004 0.9600 0.9085  0.8884 241 13.901 78.79
@ Predicted residual error sum of square
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Fig.4 Three-dimensional response surface plot
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temperature and aeration rate on SND efficiency
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Solutionno.  SRT (d) Temp.(°C)  A.R. (m%h) Y1 Y, Desirability
1 20 19.16 92.9001 91.298 0.984
2 20 19.00 92.9002  91.2825 0.983
3 20 18.76 92.9 91.2498 0.983
4 19.88 18.96 92.9 91.206 0.982
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Abstract

In this study, the performance of moving-bed sequencing batch reactor with intermittent aeration strategy
(IA-MBSBR) was evaluated for treatment of livestock wastewater in simultaneous nitrification-
denitrification process. The statistical design and analysis were employed to optimize independent
variables such as sludge retention time (SRT), temperature, and aeration rate using response surface
methodology (RSM) through Box-Behnken design (BBD). The effect of variables was investigated on
chemical oxygen demand (COD) removal and SND efficiency (% ). The analysis of variance (ANOVA)
was conducted to confirm the suitability and significance of the quadratic models. Based on the results, a
very high regression coefficient was achieved between the variables and the responses: COD removal and
SND efficiency were R? = 0.9788 and R? = 0.9600, respectively indicating an excellent evaluation of
experimental data by polynomial regression model. Long SRT reduced the negative effect of low
temperature, but lowered COD removal and Esnp in high temperature. Further, appropriate aeration rate
was vital for the SND to reach equilibrium between the nitrification and denitrification processes. The
optimal conditions obtained from the models were SRT= 20 d, temperature = 19.16 °C and aeration rate=
0.1 TE which results in COD removal and Esnp of 92.9 and 91.3%, respectively. It was found that an
alternating anaerobic/aerobic conditions with step-filling mode is an effective, economic, and
environmentally-friendly strategy for the biological treatment of livestock wastewater in the moving-bed
sequencing batch reactor.

Keywords: COD removal; Intermittent Aeration; Livestock Wastewater; Moving-bed Reactor;
Simultaneous Nitrification and Denitrification.
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