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ABSTRACT  

The aerobic thermophilic sewage sludge treatment process was studied at various bioreactor 
scales through modified bioengineering design approach. The effectiveness of the biological system 
was controlled by varying the process operating conditions of bioreactor to enhance microbial 
degradation efficiency. The inactivation of pathogen each promoted by increase of temperature, 
while the residual CFU was lowered by reducing the total solids content of sewage sludge. The 
optimum sludge degradation through aerobic thermophilic process occurred in temperature range of 
58 - 62oC but temperature more than 60oC was suitable for hygienic inactivation. Dual digestion 
systems of an aerobic theromophilic treatment followed by anaerobic thermophilic stabilization 
stage shows greater treatment and efficiency in degrading the organic sludge constituting up to 
seventy per cent.   
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INTRODUCTION  

In industrial communities an environmental problem such as the treatment and 
degradation of the increasing quantities of wastewater and sewage sludge requires the 
improvement of the existing technologies. Several types of process are commonly 
applied for sewage sludge treatment. Out of these, there is conventional anaerobic 
digestion of sludge ineffective for significant conversion of organic matters. Mohasen 
and Shojaosadati (2006) in their studies showed that thermophilic aerobic digestion of 
sludges have clear advantages over convetional mesophilic degradation.  For this reason 
it is necessary to introduce bioengineering and biotechnological process which operate at 
elevated temperature such as the aerobic thermophilic process to degrade sludge.  

Industrial, municipal and domestic wastewater contain organic and inorganic matter 
in suspended, colloidal and dissolved form. The concentration of wastewater depends on 
the original concentration of dissolved materials in the waste disposal and the use to 
which the water has been put. The presence of industrial waste in public sewers can 
substantially alter the nature of waste water. The stronger sewage will have a greater 
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proportion of putrescible compounds. The concentration of sewage or effluent depends 
on soluble and insoluble organic materials as bye-product of the sludge.  

The main objective of the present research in nonconventional bioengineering approach 
for sewage sludge treatment is to achieve organic matter degradation and conversion, sludge 
quantity reduction, improvement of the physico-chemical characteristics of sewage sludge and 
inactivation of pathogenic microorganisms through treatment process where the degrading 
microorganisms use dissolved oxygen in the media.   
 
MATERIALS AND METHODS  

From the bioengineering and biotechnological point of view the aerobic sludge 
treatment process involves, the microorganisms and degradation biocatalysts, the 
process-bacteria mediate the bio-degradation process that occur and utilize the resultant 
product produced from lysis of the bed microbe and of process bacteria.   

The active thermophilic microflora in aerobic thermophilic sludges is very 
homogenous in consisting nearly exclusively of the thermophilic bacilli of which more 
than 95% have been classified as type of Bacillus stereothermophilus. The strains of E. 
coli and B. stererothermophilus were identified, isolated from sludge, cultured for 
application as per method given in Bergey’s Manual of Systematic Bacteriology 
(Buchanan and Gibson 2005). Mixed population of these isolated and cultured strains of 
bacteria from sludge were inoculated with one more strain of Bacillus steriothermophilus 
(ATCC-7953/NCIM-2235) to see the impact of these mixed population on degradation 
and conversion in pilot plant scale by maintaining diluted inoculant 10-1 to 10-4 cell ml-1 
(Bomoi 1990).  

Lab type bio-reactor used with different bioengineering process and designs for 
better degradation and improvement of treatment process. Repetitive batch mode was 
employed in all experiments with variable mean residence time. Several process variables 
were employed and aerobic thermophilic sludge treatment process was modified and 
improved design for regulated aeration and temperature treatment with hydraulic 
retention times, for fermentation and low energy consumption during mixing of sludge. 
Incubation temperature was maintained between 53 to 660C during the process. The 
sludge samples were prepared for COD, total carbon, nitrogen, pH and for total and 
volatile solid.    

Bioengineering process efficiency was evaluated by biochemical analysis to estimate 
organic sludge digestion and conversion. Change in volatile solids, COD, total organic 
carbon and production of ammonium concentration and aerobic conversion to biogas are 
all indicators to measure the effectiveness of the sludge treatment and degradation. This 
shows the effectiveness of present bio-engineering approach study. COD was measured 
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with colorimetry according to standard methods (APHA 1985). Total organic solids and 
volatile suspended solids content of sludge samples were done by standard distillation 
method (APHA 1985). The mass balance for degradation was calculated at time to find 
sludge volume change.  

In bioengineering approach, the combination of dual degradation systems of an 
aerobic thermophilic treatment followed by an anaerobic mesophilic stabilization stage 
were tried for better results of organic matter reduction or full stabilization of sludge.  
 
RESULTS AND DISCUSSION  

Improved design of bioreactor with regulated mixing aeration and temperature 
treatment the aerobic followed by anaerobic digestion of sewage sludge (Rich 1987, 
Lettiga et al. 1980). The effects of the sludge total solids content at specific temperature 
on the bacterial inactivation were investigated. The reduction in number and inactivation 
of pathogenic microorganisms in sewage sludge was observed. The CFU was reduced by 
inactivation rate coefficient (K1 and K2) for   microbes is 103-104ml-1 in the first 4-5 min 
at temperatures  60ºC. The sludge total solids content influenced the residual colony 
forming units number. The thicker the sludge was, the higher was the residual cell 
concentration. At low total solids contents (1.5%), the residual cell number was   
estimated after 30 min incubation at 60ºC to be 102 ml-1. With thicker sludge higher 
residual CFUs were usually found (Bomoi 1990). In the present study total solids in 
sludge was 6.5% with observed residual number of 103 ml-1 (Table 1).  
 
Table 1. Inactivation rate constant for Bacillus stereothermophilus strain at different 

temperature and different sludge total solids content.  

Temp. (ºC) Total solids (%) K1 (min-1) K2 (min-1) 
58 1.5 –0.68 –0.15 
60 1.5 –0.20 –0.04 
62 1.5 –2.24 –0.04 
58 6.5 –1.12 –0.08 
60 6.5 –2.02 –0.04 
62 6.5 –2.17 –0.04 

From the differences in the measured inactivation rate coefficient, it is concluded 
that this microorganism (ATCC-7953/NCIM-2235) is more heat sensitive than the 
Bacillus stereothermophilus and E. coli species collected from sewage sludge. E. colli 
strains were utilized for the studies of inactivation kinetic, during thermal sludge 
treatment (Ponti 1993). Studies of the organic and hydraulic load effects showed the 
mean adverse consequences on anaerobic thermophilic degradation of sludge (Angelidaki 
and Ahring 1993).  
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The inactivation of pathogenic microorganisms is essentially a thermal process. The 
introduction of anaerobic treatment can be advantageous in regulating the fed organic 
matter content to the aerobic digester leads to pathogens inactivation during sludge 
digestion. The inactivation of pathogenic microorganisms was essentially a thermal 
treatment process. Low total solid content in sewage sludge assured recovery of lower 
viable cell densities after the thermal treatment to improve the plant efficiency of sludge 
treatment process in a waste-water technical plant. Different operating process through 
bioengineering design approach for sludge degradation with simultaneous pathogens 
inactivation and sludge stabilization is novel study. Significantly the reduction in total 
organic solid is 0.5-0.6g/l and at the rate 1.5-6.5%, the reduction in volatile suspended 
solid is 29.7% less at five days fermentation with 48 hrs retention time. Further 
combination of dual digestion systems consists of an aerobic thermophilic treatment 
followed by an anaerobic mesophilic stabilization stage after greater treatment efficiency 
up to 70%. Thus the present study revealed that single process solution to sludge 
treatment need modification for successive dual approaches with hygienization, longer 
incubation times and high total solids content for wastewater treatment plant.  
 
CONCLUSION  

The aim of the present bioengineering approach was to improve the process 
efficiency at pilot plant scale in order to give reasonable solutions for operating 
wastewater technical plant in the field. The approach is effective sludge volume reduction 
with satisfactory inactivation of potential pathogens. Here operation costs will vary 
according to mean residence time and volume change frequency with high degradability 
and reduction in total organic solids. Thus dual digestion systems using anaerobic and 
aerobic thermophilic process with bioengineering processes design and improved 
operating condition will be a novel approach for treatment of different waste source with 
organic contents for resource recovery and safe disposal.   
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