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ABSTRACT 
 

The present study investigated on two different media performances such as Broken Granite 

Stones and Corrugated Pall Rings in Upflow Aerated Submerged Fixed-Bed Biofilm Reactors 

(UASFBRs). The two were installed as fixed-beds in two UASFBRs. Influent COD of dairy 

wastewater was an average of 1250 mg/L is applied at 24, 18 and 12 hours of HRT in progression 

continuously in both reactors. Performance of Corrugated Pall Ring media shows a highest COD removal 

efficiency than that of Granite Stone media. The results imply that fixed-bed media porosity play a more 

significant role than the specific surface area in performance of wastewater treatment through 

UASFBBRs.  
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INTRODUCTION 

In biological wastewater treatment, the reactor performance is influenced by the media 

characteristics, since it has a direct impact on the extent of contact between the substrate and the 

microorganisms, and also because it controls the mass transfer rate. The UASFBBR is a column filled 

with various types of solid media for the treatment of the carbonaceous organic matter in the 

wastewater. The aerobic microorganisms adhere to the media and are not sloughed off the reactor 

(Pratibha Singh, 2007). As such very long mean cell residence time can be achieved even at very 

short HRT, which is essential for an efficient treatment (Izanloo et al., 2007). Applications of 

UAFBBRs have shown that the process is capable of efficient treatment of many wastewaters at 

high organic and hydraulic loading rates (Nabizadeh et al., 2006).  

The aim of the present study is to investigate the effect of media performance in 

UAFBBRs, when used for treating dairy wastewater using lab-scale. Laboratory studies were 

conducted to assess the influence of media related factors such as porosity and specific surface area on 

performance of UASFBRs. 

MATERIALS AND METHODS 

Wastewater 
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The UASFBBRs were fed daily with dairy wastewater collected from dairy plant and 

brought to the laboratory. The sample was then poured into the overhead influent tank and the 

inflow was adjusted by regulating through peristaltic pump. Regular inspection was done to 

check that flow rate is maintained so as to make the system continuously work. Table 1 

characteristics of Dairy wastewater. 

 
Table 1. Characteristics of Dairy Wastewater. 

 

Parameter Primary Effluent  

pH`  8.2- 11.9 

BOD5 at 200c 600 - 900 mg/L 

Total COD 1200 - 1500 mg/L 

Total Solids (TS) 2000 - 2500 mg/L 

Total Dissolved Solids 
(TDS) 1500 - 1920 mg/L 

Total Kejdal Nitrogen 
(TKN) 63 mg/L 

Phosphates 4.5 mg/L 

Alkalinity  976 mg/L as CaCO3 

Sodium (Na)  85 mg/L 

Potassium 6.9 mg/L 

Electrical Conductivity 
(EC) 2343 – 3000  µmhos/cm 

Volatile Fatty Acids 
(VFA) 300 – 475 mg/L 

 

Experimental Set-Up 
 
Two simple reactors packed with two different media’s of Corrugated Pall Rings and broken 

Granite Stones were installed into two reactors. The influent tanks connected to the bottom of the 

reactors. The UASFBBR models were made of a perplex glass tube with the provisions of inlet 
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and outlet arrangements. The entire length of the reactors was packed, with the exception of the 

bottom most part 5 cm and top 5 cm. The bottom space served as a distribution of dairy wastewater and 

aeration and sludge collection chamber, while the top portion of the column providing free board. The 

wastewater was introduced at the bottom of the reactor and the outlet flow was collected at the 

top of the reactor. The UASFBBRs were housed at a controlled room temperature. Figure 1 

represents the experimental setup of UASFBBR and Table 2 shows characteristics and 

specifications of reactors. 

 
 

 
Figure 1. The experimental setup of UASFBBR 

 
 Start-Up Reactors 

 
The reactors were filled with media to required volumes. To start up the reactors, one 

liter of active aerobic seed sludge collected from aerobic unit, along with synthetic feed (Venkata 

Mohan et al., 2003) of Glucose – 3 g/L, NH4cl – 7.5 g/L, KH2PO4 – 2.5 g/L, K2HPO4-1.0 g/L, 

NaHCO3-5.5 g/L and yeast extract – 0.2g/L which is of COD 1600mg/L was inoculated into the 

reactor to promote the formation of biomass as a batch for 30 days. After 30days, synthetic fed 

was added to the reactor daily in a fed-batch mode process. This was continued till there was 

development of a good bio-film for a period of further 15days. This was essential for the 

effective start up of the system for aerobic bacteria to develop at a faster rate. The development 

of a thin biofilm layer was observed after 60 days of preparatory period. A clear slime adhesion 

was noticed on the surface of the media. 

Reactors Operation 
          
           For both the reactors after a preparatory period of 60 days, next 10 days dairy wastewater 

at low organic loading of 500 mg/L of COD was fed in two reactors for acclimatization through a 

peristaltic pump to maintain a continuous regime. Steady-state was observed after 5 days of 

acclimatization period. For experimental work primary effluent of dairy wastewater of is COD 

concentrations of ~1250 mg/L were allowed to reactors and is operated 24, 18 and 12 hours HRT in 
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progression. The parameters of influent and effluent were analyzed in daily. The steady- state 

conditions were maintained for a period to enable collection of data for performance evaluation.  

 

 

 
Table 2. Characteristics and Specifications of Reactors 

 

Features Characteristics and Specifications 

Media used Corrugated Pall Rings Granite Stones 

Length of the reactor 61 cm 60 cm 

Diameter of the reactor 9 cm 8.0 cm 

Total Reactor volume 3.81 Litre 2.76  Litre 

Total effective volume 
(liquid) 2.50  Litre 1.70   Litre 

Media Submerged volume 2.71  Litre 1.65  Litre 

Shape of media Corrugated Angular 

Size of media 
1.5cm thick & 3.0cm 

dia 2.0-2.5 cm 

Density of media 285  kg/m3 789 kg/m3 

Specific surface of media 324 m2/m3 702 m2/m3 

Bed porosity 68.20% 51.50% 
 
 
  
 RESULTS AND DISCUSSIONS 

 
Outcome results of the COD efficiency of UASFBBRs are represented in Figure 2. The results 

showed that, the UASFBBR containing Corrugated Pall Rings media having porosity 68.20% and 

specific surface area 324 m2/m3, demonstrated the highest COD removal efficiency of 93.16 % at 24 

hours HRT as compared to the Granite media reactor.  

Alternatively Granite media having porosity 51.50%  and specific surface area 702 m2/m3, 

demonstrated the lowest COD removal efficiency of 85.68 % at 24 hours HRT as compared to 

Corrugated Pall Rings media reactor. 
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Performance of Corrugated Pall Ring media shows a highest COD removal efficiency that that 

of Granite Stone media. The present study reveals that, fixed-bed media Porosity plays a more significant 

role than Specific Surface Area in performance of wastewater treatment through UASFBBRs. 

 
 

 
 

Figure 2. Results of COD efficiency of UASFBBRs 
 
CONCLUSIONS 
 
1. The present study reveals that, fixed-bed media Porosity plays a more significant role than Specific 

Surface Area in performance of wastewater treatment through UASFBBRs. 

2. It has been shown that UAFBBRs operating high strength dairy wastewater by using both 

Corrugated Pall Rings media and Granite Stone media can successfully treat.  

3. The reactors sustained a variety of changes in HRT. Results also indicate that better performance can 

obtained by pall rings filter media packing through UAFBBR.   

4. For the present study conducted, it can also be presumed that decreasing HRT may result in a higher 

extent of short circuiting resulting in lower reactor performance. These variations did not affect 

effluent quality. Effluent quality nearly achieved secondary effluent standards (APHA, 2005). 
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