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Abstract
Considering the increasing rigor of environmental laws, the removal of carbon and nutrients

from wastewater is a key aspect of research, and the simultaneous elimination of carbon and
nutrients in a bioreactor has a significant impact on reducing reactor volume and energy
consumption. The objective of this study was evaluating the performance of an aerobic
sequencing batch reactor (SBR) with granulated sludge removing carbon and nutrient (N & P)
from an industrial wastewater. Aerobic granules were obtained in a SBR and in the next step,
the experiments were designed by a central composite design (CCD) with five levels of biomass
concentration (2000-7000 mg/l) and aeration time (6-24 h). Eight dependent parameters as the
process responses were measured and calculated. The results showed that the maximum value of
total COD (TCOD) removal was obtained to be 69.07% at mixed liquor volatile suspended solid
(MLVSS) concentration of 5600 mg/L and the highest value of the aeration time (24 h). In
addition, the low TN removal (47.5%) directed the study to reduce the oxygen level from 7 to 3
mg/L. A reduction in dissolved oxygen (DO) in extended aeration mode led to an increase in
TN removal and a decrease in TCOD, nbCOD, and BOD removal. Overall, granular sludge
showed an acceptable performance in terms of carbon removal, however, intermittent aeration
could improve nutrients removal from wastewaters.

Keywords: Simultaneous Carbon and Nutrients Removal, Aerobic Granular Sludge, SBR,
Industrial Wastewater.
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Table 1. Characteristics of Faraman’s industrial estate

wastewater

Parameters Amount Unit
TCOD 945-1145 (mg/l)
SCOD 478-604 (mgl/l)
PCOD 341-601 (mg/l)
BODy 388-460 (mg/1)
BOD;s 170-180 (mgl/l)
nbCOD 557-682 (mgl/l)
TN 135-222 (mg/l)
TP 16-26 (mg/1)
TSS 120-360 (mg/l)
pH 5.5-7 -

Effluent Tank
Peristaltic
pump

Granule L4
Floc .

Feed Tank Air bubble ©

Fig. 3. Experimental setup
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Table 2. Experimental range and levels of the independent variables

Range and levels

Variables -1 0 +q, +1
Aeration time, h 6 15 19 24
MLVSS, mg/l 2000 3400 4500 5600 7000
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Table 3. Experimental conditions and results

Variables Responses
Factor 1 Factor 2 TCOD nbCOD BOD TP TN Effluent SVI, Settling
Run  A: MLVSS B: Aeration removal,removal, removal, removal, removal, turb, velocity,
mg/I time,h % % % % % NTU ml/g m/h
1 2000 6 3154 19.11 5363 36.47 1487 744 65 2.54
2 2000 24 52.66 36.83 80.55 44.16 2099 50.6 65 2.34
3 3400 15 4356 3829 5528 6221 2819 66 38 228
4 4500 11 5353 3757 7152 6182 26.04 514 41 17
5 4500 15 61.83 44.41 8149 8413 28.08 527 41 174
6 4500 19 7519 79.14 6846 9194 3404 554 43 132
7 5600 15 58.31 49.87 77.07 114 30.15 595 40 0.84
8 7000 6 52.66 28.08 91.11 238 4544 175 48 043
9 7000 24 5728 3762 88.03 3.96 50.38 18.6 50 04
10 4500 15 64.14 6297 6531 80.1 35.38 53 43 1.68
11 4500 15 50.32 5156 7017 8221 3091 521 42 151
12 4500 15 6298 60.35 84.65 81.47 3369 50 40 1.95
13 4500 15 65.42 55.62 6256 7845 2756 526 45 161
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