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Figure 1. Schematic representation of
experimental setup for integrated fixed-film
activated sludge (IFAS) process [1) feed tank, 2)
fixed film, 3) media, 4) sedimentation tank, 5)
returne active sludge, 6) internal recirculation, 7 )
blower, 8) air diffuser]
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Table 1. The central composite design (CCD) using natural an  d coded factors

x

Run | Precedenc Ammonia concentration (mc-N/L) HRT (hour)

1 11 88 5.7¢ 1 =il
2 4 60 10 0 0
3 5 60 10 0 0
4 12 88 14.25 1 1
5 13 10C 10 2 0
6 1C 60 16 0 2
7 6 60 10 0 0
8 60 4 0 -2
9 3 32 14.2¢ -1 1
10 8 60 10 0 0
11 9 60 10 0 0
12 2 32 5.7¢ -1 =il
13 1 20 10 -2 0

HRT: Hydraulic retention time; X1: Minimum level; X®aximum level
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Table 2. Statistical analysis of models

~ F-Value P-value Prob > F Result

Mean Model 0 - - -
Lack of Fit 8 46.04 0.0011
R2 0
Adjusted R2 0
Predicted R2 -0.17 Significant
Adequate Precision -
SD 11.46
CV.% 17.35
Linear Model 2 58.87 < 0.0001 Significant
Lack of Fit 6 4.19 0.0934
R2 0.92
Adjusted R2 0.90
Predicted R2 0.84 Not Significant
Adequate Precision 22.19
SD 3.51
CV.% 5.32
2FI Model 3 43.04 < 0.0001 Significant
Lack of Fit 5 4.05 0.0999
R2 0.93
Adjusted R2 0.91
Predicted R2 0.78 Not Significant
Adequate Precision 19.98
SD 3.38
CV.% 5.11
Quadratic Model 5 21.24 0.0004 Significant
Lack of Fit 3 6.34 0.0532
R2 0.93
Adjusted R2 0.89
Predicted R2 0.62 Not Significant
Adequate Precision 14.92
SD 3.73
CV.% 5.65
Cubic Model 7 24.51 0.0014 Significant
Lack of Fit 1 6.54 0.0628
R2 0.97
Adjusted R2 0.93
Predicted R2 -0.14 Not Significant
Adequate Precision 16.12
SD 2.99
C.V. % 4.52
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Figure 2. Ammonia removal efficiency pattern forap  plied models
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Figure 3. Ammonia byproducts from integrated fixed-
process at different loading rates of ammonia
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Table 3. Numerical optimal conditions and maximum p redicted removal

\ Ammonia concentration (mg-N/I) \ HRT (h) \ Removal Efficiency (%) Desirability
Mean 60 8.06 66.06 0.55
Linear 32 14.25 81.81 0.93
2FI 32 14.25 79.53 0.88
Quadratic 50 14.25 79.84 0.89
Cubic 32 14.25 82.86 0.96

HRT: Hydraulic retention time

Table 4. Literature review

Wastewater type Reactor Nitrification rate (%) References
Synthetic feed IFAS 79.32 for 2F1% model Current study
Synthetic feed Linpor and Kaldnes 35-40% Rostron et af®
Refinery wastewater Activated sludge over 90% Fang et af®
Synthetic feed Activated sludge nearly 100% Campos et af’
Synthetic feed Activated sludge 98% Ruiz et a*
Domestic wastewater IFAS over 87% Regmi et af®

IFAS: Integrated fixed- film activated sludge
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