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INTRODUCTION 

 

The poultry slaughterhouse industry consumes high quantity of potable water for processing and 

sanitization operations which result in the generation of high strength wastewater, poultry 

slaughterhouse wastewater (PSW) (Basitere et al., 2016). The PSW generated, contains a high 

concentrations of organic matter, suspended solids, nitrogen and phosphorous, which are either in 

particulate or dissolved form (Del Nerby et al., 2008). Due to these contaminants, the wastewater 

does not meet the South African (SA) industrial discharge standards. The PSW has a potential to 

contaminate receiving water sources if discharged untreated (Muhamad et al., 2013). As such, the 

development of a suitable PSW treatment system needs to be designed and optimized. This research 

focused on using Response Surface Methodology (RSM) to optimize the COD removal efficiency 

of an Expanded Granular Sludge Blanket (EGSB) reactor.  

 

MATERIALS AND METHODS 

 

RSM was used to determine the optimum operating conditions for COD removal, which culminated 

in the generation of a model that described experimental data for the EGSB reactor. As with other 

studies, HRT and OLR were used as independent variables parameters, as they influence COD 

removal rates for high rate anaerobic bioreactors. The interrelatedness for both these two factors 

was assessed, using the central composite design (CCD). Design-Expert® software version 10.0.0 

(Stat-Ease Inc., Minneapolis, USA) was used to generate fifteen (n = 15) experimental runs. Each 

factor had a high (+1) and lower (-1) level listed in Table 1, which best described the operational 

parameters previously used in the EGSB reactor. 

 
Table 1. Factors used in the experimental design 

Factors Units Code Low (-1) High (+1) 

OLR gCOD/L.day A 1.01 4.82 

HRT Day B 1.50 2.71 

 

The desired response considered was the COD removal (%) efficiency. Design-Expert® software 

version (10.0.0 Stat-Ease Inc, Minneapolis, USA) was used to analyse and compute a two factorial 

(2FI) design.  

 

RESULTS AND DISCUSSION 

 

Figure 1 shows a 3D plot of the response between OLR (A) and HRT (B) and their effect on tCOD 

removal for EGSB. The COD removal efficiency was 48 % (min) and 93 % (max), with the highest 
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COD removal being at an OLR of 2.5 g tCOD/L.day and at an HRT of 3.89. Furthermore, the 

lowest COD removal was observed at an OLR and HRT of 2.71 g tCOD/L.day and 1.17 day 

respectively, achieving a minuscule removal efficiency of 48 %. 

 
Figure 1. 3D plot of the response between OLR (A) and HRT (B) and their effect on tCOD removal for EGSB 

 

By increasing the HRT of 4.82 hrs while maintaining an OLR of 2.71 g tCOD/L.day, increased the 

COD removal efficiency to 92 %. The granular sludge activity was observed to be reduced at higher 

HRTs, a phenomena attributed to the accumulation of inorganic substances at a higher rates, due to 

the high PSW feed loading rate (Osman et al., 2014). This then proves why there is a decrease in 

COD at longer HRTs. 
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