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ABSTRACT: Food processing units is a diversified activity consists of processing of perishable items such as fruit and 

vegetables, meat and poultry etc. into a various products without the loss of nutritional properties. Liquid waste is 

generated more in the Food processing units by means of washing of raw materials, pulping, crushing and canning 

operations. Hence, it is necessary to treat the effluent from the food processing units and to find the suitable ways of 

reusing the treated effluent water like gardening and other cleaning purpose etc., The effluent coming from food 

processing units contains large quantity of organic and inorganic materials which gives adverse effect to the 

environmental system when it is discharged directly without proper treatment system. The level of physical, chemical 

and biological characters have to be analyzed and the treatment system needs to be designed accordingly with proper 

analysis and environmental control. All effluent and wastewater containing biodegradable constituents which can be 

treated biologically in which the dissolved and particulate biodegradable constituents have been oxidized into 

acceptable forms. Hence, the reduction of Bio-chemical Oxygen Demand (BOD) and Chemical Oxygen Demand 

(COD) are the predominant factors in the biological treatment methods. The biological treatment process that occurs in 

the presence of oxygen (Aerobic process) results the maximum reduction level of BOD and COD. Especially in the 

Activated Sludge Process (#ASP), the BOD removal is up to 80-95 percent and bacteria removal is up to 90-95%. The 

type of suitable aeration mechanism working with optimum efficiency plays vital role in the performance of biological 

treatment. Hence, the food processing effluent from the existing Effluent Treatment plant (ETP) at CFTRI has been 

taken for analysis purpose in order to evaluate the efficiency and standardize the operation of aerator since the capacity 

of ETP of CFTRI is 120 m
3
/ day which is almost equal the designed capacity of 100 m

3
/ day for this project work. 

Moreover, the ETP of CFTRI had been designed based on the Activated Sludge treatment Process. The main characters 

like BOD, COD and pH have been analyzed for the following three main parameters during the project study. 

1. Temperature of the effluent at morning, noon and evening  

2. RPM of the aerator  

3. Immersible depth of impeller into the effluent in the aeration tank.  

By analyzing the results of the above parameters, the characteristics of the effluent and efficiency of the surface 

aerators are evaluated.  

 

KEYWORDS: Evaluation, Efficiency, Surface Aerator, Activated Sludge, Food Processing Effluent 

 

I  CHARACTERISTICS OF EFFLUENT AND IMPORTANCE OF TREATMENT OF EFFLUENT 

 

 In the olden times, the waste waters from a community were not so much contaminated as they are today. The 

urbanization, industrial growth and the improved standards of living have increased the strength and quantity of 

municipal sewage in recent years to a point where dilution alone can no longer be relied upon to prevent the 

undesirable effects of pollution. In many cases, more advanced treatment of wastes is essential to prevent undue 

pollution. This is much more so, when the disposed sewage is likely to contain industrial wastes. When untreated 

sewage is discharged into some river stream, floating solids present in the discharged sewage may be washed up on to 

the shore near the point of disposal, where they decompose and create unpleasant smells and odours. The large amount 
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of organic matter present in the discharged sewage will also consume the dissolved oxygen from the river stream in 

getting oxidized, and may thus seriously decrease the dissolved oxygen of the river stream, causing fish kills and other 

undesirable effects. In addition to these effects, the discharged sewage will contaminate the river water with pathogenic 

bacteria. Hence, even though municipal sewage is 99.9 percent water, it requires treatment if nuisance is to be avoided. 

 Food processing units are having diversified activities where water is being used abundantly by means of 

cleaning of raw materials, processing and their research activities. The effluent coming from the food processing units 

contains organic matters, oil, grease, minerals, metals and chemicals etc. Hence, it is absolutely necessary to analyze 

the various characteristics and behavior of effluent. The quality of effluent can be checked and analyzed by testing it 

physical, chemical and biological characteristics which are listed in Fig. 1.1 

 

                  
 

Fig :1.1 Characteristics of effluent                                    Fig: 1.2 BOD effects on water quality 

 

 The type of treatment required depends upon the character and quality of both effluent and source of disposal. 

The most important test of effluent is that for determining its Bio-chemical Oxygen Demand, popularly called BOD 

and Chemical Oxygen Demand popularly called COD.If sufficient oxygen is available in the effluent, the useful 

aerobic bacteria will flourish and cause the aerobic biological decomposition of waste, which will continue until 

oxidation is completed. The amount of oxygen consumed in this process is the BOD. The BOD affects the quality of 

water or effluent (Fig: 1.2 ) and Polluted water will continue to absorb oxygen for many months, and it is not 

practically possible to determine this ultimate oxygen demand. There are many different ways to treat effluent and 

treatment process level like preliminary treatment, primary treatment, secondary (Biological) treatment. The pollution 

control board of State and Central Government has set the tolerance limits of discharged effluent to land and public 

sewers which are listed in Table 1.1 and Table 1.2. The discharge of effluent from all industrial sectors is being 

regularly monitored by the Pollution Control boards. In the secondary (Biological) treatment, the fine suspended and 

dissolved organic matters are being removed. The reduction level of BOD and COD are very high in the activated 

sludge process of the biological treatment system where aeration process plays vital role in the Activated Sludge 

Process (ASP). Hence, providing suitable aeration mechanism working with optimum efficiency will results the high 

reduction of BOD and COD. In order to evaluate the efficiency of the aerator, the ETP has designed for 100 KLD 

capacity for this project work and effluent characters have been analyzed different parameters like temperature, 

Impeller RPM and immersible depth of impeller into the effluent. 

The discharge of effluent from all industrial sectors is being regularly monitored by the Pollution Control boards. In the 

secondary (Biological) treatment, the fine suspended and dissolved organic matters are being removed. The reduction 

level of BOD and COD are very high in the activated sludge process of the biological treatment system where aeration 

process plays vital role in the Activated Sludge Process (ASP). Hence, providing suitable aeration mechanism working 

with optimum efficiency will results the high reduction of BOD and COD. In order to evaluate the efficiency of the 

aerator, the ETP has designed for 100 KLD capacity for this project work and effluent characters have been analyzed 

different parameters like temperature, Impeller RPM and immersible depth of impeller into the effluent. 
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Table 1.1  Standards for the discharge of                     Table 1.3 Standards for the discharge of effluents    

              effluents into public sewers        into land for irrigation 

  

     

 
  

1.1 Activated Sludge Process (ASP)  

The activated sludge process provides an excellent method of treating either raw sewage or more generally the settled 

sewage. The sewage effluent from primary sedimentation tank, which is, thus normally utilized in this process, is 

mixed with 20 to 30 percent of own volume of activated sludge, which contains a large concentration of highly active 

aerobic micro-organisms. The mixture enters an aeration tank, where the micro-organisms (coated around the sludge 

solids) and the sewage, are intimately mixed together, with a large quantity of air for about 4 to 8 hours. Under these 

conditions, the moving organisms will oxidize the organic matter and the suspended and colloidal matters tend to 

coagulate and form a precipitate, which settles down readily in the secondary setting tank. The settled sludge 

(containing micro organisms) called activated sludge, is then recycled to the head of the aeration tank to be mixed again 

with the sewage being treated. New activated sludge is continuously being produced by this process, and a portion of it 

being utilized and sent back to the aeration tank, whereas the excess portion is disposed of properly along with the 

sludge collected during primary treatment after digestion.  

The effluent obtained from a properly operating activated sludge plant is of high quality, usually having a lower BOD 

than that of trickling filter. BOD removal is up to 80-95 percent, and bacteria removal is up to 90-5 percent. Moreover, 

land are required is also quite less. But, however, is this process, a rather close degree of control is necessary in 

operation to ensure  

1. That an ample supply of oxygen is present  
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2. That there is intimate and continuous mixing of the sewage and activated sludge and  

3. That the ratio of the volume of activated sludge added to the volume of sewage being treated is kept 

practically constant. 

 

 

1.2 Surface Aeration  

 For efficient surface aeration, high- and low-speed floating aerators provide pumping action that transfers 

oxygen by breaking up the wastewater into the form of dispersion of bubbles. The large surface area of the bubbles 

allows oxygen transfer to the wastewater from the atmosphere. At the same time, the oxygen-enriched water is 

circulated and mixed, resulting in effective oxygen delivery in the entire bulk of the wastewater body. High- and low-

speed surface aerators offer excellent oxygen transfer and low operating costs. They are able to handle environmental 

extremes such as high temperatures. Another alternative for surface aeration is the use of horizontally mounted aeration 

discs or rotors. These disc or rotor aerators can be used in oxidation ditches known as looped, "race track" reactor 

configurations. They provide stable operation with resulting high-quality effluent. The aerators are above water for easy 

maintenance and are energy efficient. Other multichannel processes use a concentric arrangement of looped reactors, 

which is particularly energy efficient and designed to achieve total nitrogen removal through simultaneous 

nitrification/de nitrification. Disc and rotor surface aerators offer good BOD and COD removal efficiencies, and are 

very easy to replace if necessary. Reactors in a vertical-loop configuration are also available for surface aeration. They 

are essentially oxidation ditches flipped on their sides. Upper and lower compartments separated by a horizontal baffle 

run the length of the tank. Surface-mounted discs or rotors provide mixing and deliver oxygen. Typically, two or more 

basins make up the system. The first basin operates as an aerated anoxic reactor and the second basin is operated under 

aerobic conditions. These types of reactors also have high BOD/COD removal efficiency 

 

1.3 Secondary ( Biological) Treatment  

 

Aeration Tank  

The equalized effluent from the Equalization Tank is pumped to aeration tank where aerial oxygen is mixed with water 

by means of floating aerator system 

To understand the system, the following terms must be understood:-  

 

Mixed Liquor Suspended Solids (MLSS)  

The suspended solids concentration is the Aeration tank is referred as Mixes Liquor SS. It is an index of the mass of 

active microorganisms in the Aeration tank. As illustrated before MLSS in aeration tank indicates the presence of both 

active and dead bacterial cells. The level of MLSS that has to be maintained depends upon the desirability of treated 

water quality. MLSS level of 3500-5000 mg/ Lit would be optimum in an extended type aeration tank.  

Return Activated Sludge (RAS)  

The purpose of the return of activated sludge to Aeration tank from Sludge Sump is to maintain a sufficient 

concentration of activated sludge in the tank so that required degree of treatment can be obtained in the limited time 

interval.  

Food to Microbes ratio (F/M):-  

It is the ratio between amounts of Organic material available to microbial population. In other words it is the ratio 

between BOD in kgs and MLSS in kgs. A proper F/M can be achieved by increasing or decreasing the rate of Return 

Activated Sludge (RAS) from Secondary Clarifier. Optimum F/M for an Extended Aeration type ASP is 0.1-0.15.  

Function of Aeration Tank:  

The main function of an Aeration tank in a activated sludge process are: To maintain the dissolved oxygen 

concentration in the Effluent by suitable aerators To maintain sufficient MLSS regulating return activated sludge from 

secondary Clarifier. 

 

II  PROJECT OBJECTIVES 

2.1 Aim 

 To find out the optimum efficiency of surface aerator at different process conditions in the activated sludge 

process treatment of effluent coming from Food Processing Units.  
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2.2 Objectives 

  To evaluate the efficiency of surface aerator for biological treatment in the food processing effluent, 

especially the reduction of BOD and COD.  

 To analyze the effluent characteristics at different conditions of surface aerator in the Activated Sludge 

Process.  

 To analyze the treatment efficiency of surface aerator at different conditions and to standardize the operation 

of surface aerator in the aeration tank. 

2 . 2 Feasibility Study  

 

2.2.1 Economic feasibility: Providing surface aerators in the aeration mechanism consume high electric power in a day 

since the motor has to be operated continuously up to the designed detention period. The number of hours of aerator 

operation may be curtailed and standardized by doing the analysis of effluent based on the above mentioned project 

parameters for low range of raw effluent characteristics of BOD, COD and TSS are similar to that of the raw effluent of 

CFTRI. By standardizing the aerator operation for the required limited period of time at a particular temperature in a 

day, we can save the energy and money for the daily operation cost of ETP at CFTRI. By analyzing the outcome of the 

results and standardizing the aerator operation in the ETP of CFTRI, we may able to bring down the daily operation 

costs.  

 

2.2 .2 Operational feasibility:  

The daily operation of aerator is one of the predominant factors in the extended aeration process. The standardizing the 

operation of aerator for its optimum efficiency resulted the reduction of manpower, Time management and utilize the 

manpower in productive manner by engaging other activities. Hence it is more feasible to standardize the aerator 

operation based on the Temperature of the effluent, RPM and Immersible depth of the impeller of the surface aerator 

into the effluent in the aeration tank.  

 

2.2 .3 Technical feasibility:  

Aeration process in the activated sludge process of biological treatment of effluent mainly depend on the type of 

aeration mechanism, percentage of activate sludge and microorganism present in the activated sludge, transformation of 

dissolved oxygen through the aeration system and type of impeller blade in the aerator. Hence the reduction of BOD 

and COD in the biological treatment process involved more technical parameters of the extended aeration process 

where we can standardize the operation of aeration mechanism for high BOD and COD control. 

 

 2.3 Biochemical Oxygen Demand (BOD) The most widely used parameter of organic pollution applied to both 

wastewater and surface water is the 5-day BOD(BOD5). This determination involves the measurement of the dissolved 

oxygen used by microorganisms in the biochemical oxidation of organic matter. Despite the widespread use of the 

BOD test, it has a number of limitations, It is hoped that, through the continued efforts of workers in the field, one of 

the other measures of organic content, or perhaps a new measure, will ultimately be used in its place. Why, then, if the 

test suffers from serious limitations, if further space devoted to it in this text? The reason is that BOD test results are 

now used  

 To determine the approximate quantity of oxygen that will be required to biologically stabilize the organic     

               matter present  

 To determine the size of waste treatment facilities  

 To measure the efficiency of some treatment processes, and  

 To determine compliance with wastewater discharge permits. Because it is likely that the BOD test will                

continue to be used for some time, it is important to know the details of the test and its limitations.  

 

2.4 Chemical Oxygen Demand (COD) The chemical oxygen demand is widely used as a means of measuring the 

organic strength of domestic and industrial wastes. The COD test allows measurement of a waste in terms of the total 

quantity of oxygen required for oxidation to carbon dioxide and water in accordance with the equation ;  
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COHNS + 0 2 + Nutrients 3 CO2 + NH3 + C5H202 + other end products 

It is based upon the fact that all organic compounds, with few exceptions, can be oxidised by the action of strong 

oxidising agents under acid conditions. During the determination of COD, organic matter is converted to carbon 

dioxide and water regardless of the biological assimilability of the substances. For example, glucose and lignin are both 

oxidised completely. As a result, COD values are greater than BOD values and may be much greater when significant 

amounts of biologically resistant organic matter is present. One of the chief limitations of the COD test is its inability to 

differentiate between biologically oxidisable and biologically inert organic matter. In addition, it does not provide any 

evidence of the rate at which biologically active material would be stabilised under conditions that exist in nature. The 

major advantage of the COD test is the short time required to evaluation. The determination can be made in about 3 

hours rather than the 5 days required for the determination of BOD. For this reason it can be used as a substitute for the 

BOD test in many instances. COD data can often be interpreted on terms of BOD values after sufficient experience has 

been accumulated to establish reliable correlation factors.  

 

2.5 pH  
 The hydrogen -ion concentration is an important quality parameter of both natural waters and wastewaters. 

The usual means of expressing the hydrogen-ion concentration is as pH, which is defined as the negative logarithm of 

the hydrogen-ion concentration. 

 pH = -logio[H+]  

The concentration range suitable for the existence of most biological life is quite narrow and critical (typically 6 to 9). 

Wastewater with an extreme concentration of hydrogen ion is difficult to treat by biological means, and if the 

concentration is not altered before discharge, the wastewater effluent may alter the concentration in the natural waters. 

For treated effluents discharged to the environment the allowable pH range usually varies from 6.5 to 8.5  

The hydrogen-ion concentration in water is connected closely with the extent to which water molecules dissociate. 

Water will dissociate into hydrogen and hydroxyl ions as follows:  

H2O H 1-1+ + OH- 

Applying the law of mass action [Eq. (2-7)] to Eq. (2-30) yields 

 [H1(OH-) /H 20 = K 

 Where the brackets indicate concentration of the constituents in moles per liter. Because the concentration f water in a 

dilute aqueous system is essentially constant, this concentration can be incorporated into the equilibrium constant K. 

 

III MATERIALS AND EQUIPMENTS 

 

Materials:         Equipments:  

 

1. Refluxing Flask      1. Incubator 

2. Blenders       2. pH Meter 

3. Pipettes        3. Thermometer 

4. Small Beakers        4. Light Intensity Meter  

5. Condenser        5. Motor Frequency convertor  

6. Incubation bottles  

 

Stages Involved For The Study  
 

Stage:I  

Analyze the effluent characteristics at 3 different Temperature in a Day 

(i) Morning (10.00am) (ii) Noon (12.30 pm) (iii) Evening (6.00 pm)  

Select the suitable Temperature where the high reduction percentage of BOD and COD 

 Stage :II  

Analyze the effluent characteristics at 3 different speed. at the selected Temperature (ii) RPM-1 (ii) RPM-2 (iii) RPM-3  

Select the suitable RPM  
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Fig.3.1 Surface Aerators in the Aeration Tank                 Fig.3.2 Collection of Effluent sample for Analysis 

 

Stage :III  

Analyze the effluent characteristics at different immersible depth of impeller of surface aerator into the effluent of at 

selected RPM and Temperature  

(i) Depth-1 (ii) Depth-2  

Select the suitable immersible Depth of impeller into the effluent.  

From the aeration tank at CFTRI the effluent samples have been collected  for the evaluation of aerator of CFTRI 

(Fig3.1 & Fig.3.2) 

IV ANALYSIS OF THE RESULTS 

 

4.1 BOD Results and calculation   

 

The results of the BOD values have been analyzed with regard to the following parameters and their effects are 

identified.  

Effect of temperature  

The effluent samples have been taken in the aeration tank at morning, noon and evening time in order to analyze the 

character of BOD with regard to Temperature. On observing the results, there is no significant effect of BOD reduction 

since the variation in the temperature level at 3 different timings is very nominal. However, the BOD reduction has 

observed due to the process of aeration. Effect of Impeller Speed 52 at the impeller rotation 48 RPM , 68 RPM and and 

analyzed ( Table no. 5 . 2 ) . On reading of the of BOD level is significant for 45 minutes aeration The values of BOD 

have been taken 96 RPM for 30 minutes aeration process values , it is noticed that the reduction process at 96 RPM of 

impeller rotation Table No: 5 . 2 Effect of Impeller Speed Parameter in PPM Impeller Speed 48 68 96 BOD 155 180 

105* * after agitation of 45 minutes Effect of immersible depth of impeller into the effluent immersible depth of . 3 ) . 

On observing the depth of 10 cm and effluent The samples have been taken in the aeration tank at two different 

impeller into the effluent and values have been analyzed ( Table no.5 values, it is found that the reduction BOD level is 

more at the immersible hence it is optimum depth.  Effect of immersible depth of impeller into the Parameter in PPM 

Immersible Depth of impeller (cm) 10 8 BOD 30 (Raw effluent - 310) 105 (Raw effluent- 160) 

 

4.2 COD Results and Calculation   

The COD values have been analyzed based on the three parameters namely Temperature of effluent, impeller rotation 

and immersible depth of impeller into the effluent and their effects are identified  

 

Effect of Temperature  

The effluent samples have been taken in the aeration tank at morning, noon and evening time in order to analyze the 

character of COD with regard to Temperature. On observing the results, there is no significant effect of COD reduction 

since the variation in the temperature level at 3 different timings is very nominal. However, the COD reduction has 

observed due to the process of aeration.   

 

4.3 Effect of Impeller rotation 

The COD values have been taken to three impeller rotation 48 RPM,68 RPM and 96RPM and analysed The values of 

COD with respect to the 48 RPM, 68 RPM and 96RPm are( - )16,( - )64 and ( - )72 respectively. Based on the results, it 
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can be seen that there is a increases.  But, the COD values are presented as not in the detectable limits However, it is 

observed that the reduction of COD level is in decreasing trend                  

 

4.3.1 Effluent Characters Based On Temperature  

Effect of temperature  The effluent samples have been taken in the aeration tank at morning, noon and evening time in 

order to analyze the character of BOD with regard to Temperature. On observing the results, there is no significant 

effect of BOD and COD reduction since the variation in the temperature level at 3 different timings is very nominal. 

However, the reduction in the values of BOD and COD has observed due to the process of aeration.  

  

4.3.2 Effluent Character Based On Impeller Rpm  

 

Effect of Impeller RPM  

The values of BOD have been taken at the impeller rotation 48 RPM , 68 RPM and 96 RPM for 30 minutes aeration 

process and analyzed. On reading of the values , it is noticed that the reduction of BOD level is significant for 45 

minutes aeration process at 96 RPM of impeller rotation The COD values have been taken at three impeller rotation 48 

RPM, 68 RPM and 96 RPM and analyzed. The values of COD with respect to the 48 RPM, 68 RPM and 96 RPM are ( 

- ) 16 , ( - ) 24 and ( -) 48 respectively. Based on the results, it is found that there is a reduction in COD as the impeller 

rotation increases. But, the COD values are not in the deductable limits. However, it is observed that the increase in the 

reduction of COD level in negative value.  

  

4.4 Effluent Character based on Immersible depth of Impeller into the effluent  

 

Effect of immersible depth of impeller into the effluent  

The samples have been taken in the aeration tank at two different immersible depth of impeller into the effluent and 

values have been analyzed (Figure 5. 3) . On observing the values, it is found that the reduction BOD level is more at 

the immersible depth of 10 cm. The BOD reduction level is not found significant at 8 cm immersible depth of impeller 

into the effluent through the aeration process took place for 45 minutes at higher impeller rotation ( 96 RPM )  

  

4.5 Scope For The Improvements  

There is ample scope for improvement to overcome to the following limitations observed during the analysis for 

ensuring the accurate value of the characteristics of effluent. There may be a variation in the quantity of raw effluent 

coming from the equalization tank to aeration tank since the flow rate is not consistent. There may be a chance for 

variation in the raw effluent characteristics from time to time depending on the food material that is processed in the 

pilot plants. The incoming quantity of activated sludge from clarifier tank to aeration tank for recycling is not consistent 

and microorganism present in the activated sludge may vary from time to time and it is difficult to calculate accurately. 

The presence of chemicals in the raw effluent may oxidize the inorganic materials very fast than the expected time of 

aeration. 

 

V CONCLUSION AND FUTURE SCOPE OF THE PROJECT 

 

 There is no significant effect of temperature on reduction in BOD and COD, since the variation in the 

temperature level at 3 different timings is very nominal. However, the reduction in the values of BOD and COD has 

observed due to the process of aeration. Among the three different speeds studied, it is observed that the reduction of 

BOD level is significant for 45 minutes aeration process at 96 RPM of impeller rotation. Among the three different 

speeds, the values of COD with respect to the 48 RPM, 68 RPM and 96 RPM are not in the deductable limits. 

However, it is observed that there is decreasing trend in COD level based on the results. The reduction in BOD and 

COD will depend on the incoming quality and quantity of raw effluent and activated sludge. The effect of immersible 

depth of impeller into the effluent is significant. On observing the values, the reduction in BOD level is more at the 

immersible depth of 10 cm and hence the optimum. The oxygen transfer in the aeration tank by the surface aerators 

may be increased by changing the suitable design of impeller. For instance, pitched blade turbine (up flow) with six 

blades and a blade angle of 45° (pitch) will significantly increase the degree of surface aeration. The inflow of activated 
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sludge quantity may be increased and the effluent characters can be analyzed by which the returns time of effluent in 

the aeration tank and operation hours of aerators may be reduced. 
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