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INTRODUCTION 
 

The poultry industry is one of the largest industries within the South African (SA) agricultural 

sector (Davids & Meyer, 2017). During bird slaughtering and processing operations, SA poultry 

industries consume a substantial quantity of potable water in order to maintain the high hygienic 

standards required for the production of poultry products (DARD, 2009). The treatment of the large 

quantities of high-strength poultry slaughterhouse wastewater (PSW) generated has proven to be a 

challenge for SA poultry industries due to the wastewaters’ high chemical oxygen demand (COD), 

suspended solids, colloidal matter (i.e. fats, carbohydrates and proteins), nutrients (i.e. nitrogen and 

phosphorous), and the prevalence of pathogenic organisms (Debik & Coskun, 2009). The treatment 

of PSW prior to discharge is therefore crucial in order for poultry industries to achieve compliance 

with municipal discharge standards and to avoid discharge penalties as per the “polluter pays” 

principle implemented by local authorities. A static granular bed reactor (SGBR) is a high-rate 

anaerobic technology proven to be suitable for treating wastewater with COD concentrations 

exceeding 9000 mg/L (Basitere et al., 2017). 

 

In this study, response surface methodology (RSM) was used for the optimization of the SGBR 

operating conditions, i.e. the hydraulic retention time (HRT) and organic loading rate (OLR), 

through the development of a quadratic model used to predict the COD removal efficiency (RE) for 

the SGBR when treating PSW. 

 

MATERIALS AND METHODS 

 

The SGBR was made from a cylindrical glass column with a working volume of 2.0 L (height and 

inner diameter of 0.62 m and 0.065 m, respectively). The SGBR was inoculated with anaerobic 

granules (0.4 L) from an upflow anaerobic sludge blanket (UASB) reactor operated at a local 

brewery plant (Newlands, SA) and PSW (1.6 L) from a local poultry slaughterhouse (Western Cape, 

SA). The mesophilic (i.e. 35-37 ˚C) SGBR was operated for 138 days. The raw PSW was filtered (2 

mm) to remove particulate matter. The filtered PSW was diluted (50 % (v/v) and 25 % (v/v)) with 

potable water to prevent overloading the SGBR during the startup period. A central composite 

design (CCD) was used to determine the optimum HRT and OLR, and the interaction between these 

independent variables, with the COD RE (%) being the response variable. Design Expert® 10.0.3 

statistical software (Stat-Ease, Inc., USA) was used for the experimental design. A two-factor, two-

level CCD was applied, with 15 experimental runs generated. Feed and effluent samples were 

collected at 24 h intervals and analysed in triplicate. The COD samples were prepared using Merck 

COD solutions (solution A: Cat. No. 1.14538.0065 and 1.14679.049; solution B: Cat. No. 

1.14539.0495 and 1.14680.1495), digested in a preheated Spectroquant TR420 Thermoreactor, with 

the concentration being measured using the Merck Spectroquant Nova60. 
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RESULTS AND DISCUSSION 

 

The SGBR consistently reduced the COD of the PSW, resulting in an average COD RE of 80.4 % 

for HRTs of between 1 to 4 days and an average OLR of 2.75 g COD/L.day. The predicted results 

from the CCD indicated that an OLR (A) of 12.49 g COD/L.day and a HRT (B) of 1 day (24 h) 

were the optimum conditions for attaining a maximum COD RE of 95.5 % (Figure 1 (B)). Overall, 

the COD RE increased as the organic strength of the PSW increased and the HRT was decreased. 

Thus, a balance between the HRT and OLR must be maintained in order to ensure a stable and 

efficient operation of the SGBR as well as to prevent reactor failure. The interaction between the 

HRT and the OLR, and their effect on the COD RE were determined using polynomial regression. 

The adequacy of the proposed model was determined based on the determination coefficient (R2), 

F-value and p-value obtained from the analysis of variance (ANOVA). The model R2, F-value and 

p-value of 0.9638, 47.93 and <0.0001, respectively, indicated that the model was suitable to predict 

the COD RE. The similarity between the experimental values and the proposed model, was deemed 

sufficient, with the model describing the performance of the SGBR for PSW treatment (Figure 1 

(A)). Eq. 1 represents the resultant quadratic model which best fit the regression results. 

                  (1) 
 

       
Figure 1. (A) Predicted vs. experimental COD RE based on the CCD and (B) Three-dimensional (3-D) response 

surface for COD RE as a function of the OLR and HRT 
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