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Abstract 
Combined discharge of domestic and tannery waste waters into streams or surface bodies has been witnessed in Vellore district in 

Tamil Nadu, India where the tannery processes are carried out at small-scale units. In the present study, an attempt has been 

made to evaluate the treatability of combined domestic and tannery waste waters using lab-scale activated sludge reactor under 

extended aeration. Studies on the efficiency of the activated sludge reactors were carried out by varying the solids retention time 

of 8, 12  and 16 days with a various hydraulic retention time of 15, 20, 25 and 30 h with an organic loading rate varying from 

1.61 to 3.32 kg COD/ m
3
 / day . The results showed that at the end of 30 h HRT at 16 days SRT with a lower F/M ratio of 0.08 kg 

BOD/kg MLSS, the maximum reduction of COD was observed to be from 2020 to 175 mg/L. From the bio-kinetic parameters 

estimation studies, the values of kinetic coefficients are obtained such as the half velocity substrate concentration (Ks), maximum 

specific growth rate (µmax), yield coefficient (Y) ,  maximum substrate utilization rate (k) and decay coefficient (Kd) as 122 mg/L, 

0.224 day
-1

, 0.539 mg MLSS/mg COD, 0.416 day
-1

 and 0.088 day
-1

. The study reveals that the combined domestic and tannery 

waste water is amenable for treatment using ASP, with treatment efficiency as high as 91%  and the bio-kinetics arrived at  better 

stability of the system and enhanced  microbial activities at longer HRT and SRT. Also the design values suggest that the extended 

aeration system is the appropriate activated sludge treatment process for combined domestic and tannery waste water treatment. 

 

Keywords: Advanced Oxidation Process, Activated Sludge Process, Hydraulic Retention Time and Solid Retention 

Time. 

-------------------------------------------------------------------***------------------------------------------------------------------- 

1. INTRODUCTION 

There are more than 1200 tanning industries in India. Most 

of the tanneries are located in clusters in river basins. 

Generally tanneries are classified as “Red - most polluting 

industries”. The dilution of the tannery waste water with 

domestic sewage, it is proposed to conduct the treatment 

study using Activated Sludge Process (ASP). The combined 

waste water treatment makes it possible to meet the effluent 

standards with minimum effort and cost (KunTog, 2013). 

The applicability of biologically treating a particular 

wastewater is a function of the biological degradability of 

the dissolved organics present in the wastewater (Xu Wang, 

2013). The earlier study focused on the general aspects of 

biological treatment of industrial wastewater and compares 

the efficiency of treating the wastewater along with the 

domestic sewage. The activated sludge process was 

developed around 1913 in England (Saravanakumar, 2007). 

Combined biological-chemical treatment was introduced in 

the 1970's, since eutrophication of lakes due to phosphorus 

and nitrogen from wastewater was discovered. 

 

Leather tannery effluents are a source of severe 

environmental impacts. Tannery productive cycle includes a 

series of chemical treatments using a large number of 

chemicals such as surfactants, acid and metal organic dyes, 

natural or synthetic tanning agents, sulphonated oils, salts, 

etc. to transform animal skin into an unalterable and 

imputrescible product. Apart from organic material, which 

releases valuable nutrients on decomposition, tannery 

effluent may contain chromium (Cr), pathogens, mainly of 

fecal origin, and toxic organic components, all of which 

pose a serious threat to the environment (Iaconi et al 2002). 

Discharge of tannery effluent is objected by public on 

aesthetic grounds and river. The constituents generally 

present in composite tannery wastewater are varied in 

character and load, and damage a stream when discharged 

into it untreated. It contains a considerable amount of 

protein when a hair pulping unhairing system is used 

(Roche.N,2005). The salt and hydrogen sulphide present in 

tannery wastewater may adversely affect the stream quality 

and cause bad taste and odour. Chrome tannery effluent is 

highly toxic to fish and other aquatic life. The productivity 

of the soil is found to be decreased when tannery wastes are 

applied on fields, and some parts of the land become 

completely infertile (N.N.Rao, 2005). The effluents also 

contaminate the ground water in cities and towns due to 

high amounts of chlorides, sulphates and chromium etc. 

where tannery processing units are indiscriminately 

discharging their effluents (Daniele, 2013). Discharge of 

effluent into water bodies can upset the penetration of 

sunlight and biological activity in the water body. It affects 

photosynthesis of the phytoplankton, retarding the self-

purification capacity of the colored water body (Rajamani, 
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1995). In the treatment of ayurvedic wastewater, a half 

velocity concentration of 665 mg of COD/L and decay rate 

of 0.135day
-1 

has been reported (Santhoshkumar, 1998). For 

cotton textile wastewater treatment using Activated Sludge 

Process, the corresponding values reported were 113 mg/L 

and 0.026 day
-1

 respectively (Pala and Tokat, 2002). 

 

The discharge of tannery and domestic wastewater into the 

river depletes the dissolved oxygen present and affects the 

aquatic life in the river. The aesthetics of the river makes it 

unsuitable for considering it as a source of drinking water 

supply. It is understandable that having a treatment system 

in their premises is beyond their means (Ozlem, 2008). 

Under this circumstance, mixing of tannery wastewater with 

the domestic wastewater has created operational problems in 

the domestic wastewater treatment system. A 

comprehensive review of the methods for handling tannery 

effluent showed that the effluents from such plants are 

generally high in both dissolved organic and inorganic 

materials, posing particular treatment difficulties 

(Prakasu.K, 2003). Although a number of treatment 

procedures are being used or have been proposed, there is no 

widespread agreement on the most suitable methods (Brdys, 

2007). Also the information on the design of treatment 

plants based on biokinetic parameters for combined 

domestic and tannery effluent is very limited, the prime 

objective of the present study is to study the feasibility of 

combined domestic and tannery wastewater treatment 

(Michelle, 2013). 

 

The Activated Sludge Process (ASP) was so named because 

it involved the production of an activated mass of 

microorganisms capable of aerobically stabilizing a waste 

(Tchobanoglous et al 2003). In biological waste treatment 

with the ASP the organic waste is introduced into a reactor 

where an aerobic bacterial culture is maintained in 

suspension. The reactor contents are referred to as the 

Mixed Liquor Suspended Solids (MLSS). The aerobic 

environment in the reactor is achieved by the use of diffused 

or mechanical aeration, which also serves to maintain the 

mixed liquor in a completely mixed regime. After a 

specified period of time (Benhemanu, 1999), the mixed 

liquor then flows to the clarifier where the microbial 

suspension is settled. A general process flow diagram of 

ASP is shown in Figure 1.1. The settled biomass, described 

as “activated sludge”. A portion of the settled cells is 

recycled to maintain the desired concentration of organisms 

in the reactor and a portion is wasted (CPHEEO, 1993). 

 

 
Fig 1.1 Schematic diagram of Activated sludge process 

 

2. MATERIALS AND METHODS 

The study was carried out on the combined domestic and 

tannery wastewaters collected from open drains in 

Melvisharam located in Vellore district. A significant 

quantity of tannery wastewater released from tiny units 

combines with domestic wastewater and flows in open 

drains. The treatability study on these combined wastewater 

was being conducted using complete mix Activated Sludge 

Process with return sludge to evaluate the degradation 

performance. Samples of combined wastewater were 

collected from five outfalls of highly contaminated 

discharging points. The individual and composite samples 

were analyzed for various parameters such as pH, TSS, 

TDS, BOD3, COD, and Chloride (APHA, 1998). The 

activated sludge laboratory model as shown in Figure 2.1 

was made up of plexiglass consisted of two sections namely 

aeration and sedimentation with a volume of 7.5 L and 2.5 L 

respectively. A continuous supply of wastewater into the 

aeration section was maintained with a peristaltic pump. 

 

The extended aeration was carried out with the use of two 

diffuser stones and an air pump so as to maintain a dissolved 

oxygen concentration around 2-3 mg/L (Karus, 1958). The 

aeration was instrumental in terms of bacterial growth as 

well as maintaining homogeneity of the mixed liquor to 

confirm the complete mix flow of the reactor. The aeration 

section was separated from the sedimentation section with 

an adjustable baffle. The settled sludge was returned to the 

aeration section by passing it under the adjustable baffle. 

The experiment was carried out at SRT of 8, 12 and 16 days 

and HRT of 15, 20, 25 and 30 h. The DO was maintained 

around 2-3 mg/L. Initially the SRT was maintained at 8 days 

by removing 1/8
th

 (0.94L) of the reactor content and this 

procedure was repeated daily until the MLSS in the reactor 

was stabilized. The MLSS concentration in the aeration tank 

on the 6
th

 , 7
th
 and 8

th
  day were 4075, 4120, 4285 mg/L 

indicating a steady state condition in which the 

concentration of biomass removed was equal to the 
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concentration of biomass produced. In this condition, the 

HRT was varied from 15–30 h. The influent and effluent 

wastewater were analyzed for BOD3 and COD as per 

standard methods (APHA, 1998). The COD was taken as the 

parameter for measuring the treatability of the wastewater. 

The above procedure was repeated for SRT of 12 and 16 

days. For a SRT of 12 days 1/12
th

 (0.63L) of the reactor 

content was wasted daily. The MLSS concentration in the 

reactor was found to be 4900, 5020 and 4985 mg/L on the 

10
th

, 11
th

, and 12
th

 day respectively. At steady state 

condition, the HRT was varied from 15-30h. 

 

 
1.Feeding tank; 2. Portable air pump; 3. Peristaltic pump; 4. 

Reactor; 5. Adjustment baffle;6. Settling tank; 7. Diffuser 

stone; 8. Effluent collection 

 

Fig 2.1 Schematic diagram of the experimental setup 

 

2.1 Startup and Bacterial Acclimatization 

The Activated Sludge reactor was started using seed 

collected from local domestic sewage treatment plant. In the 

reactor sufficient MLSS was developed by adding 

continuously the fresh sewage, collected from the local 

treatment plant. The acclimatization of the bacterial culture 

to the composite wastewater was established by gradual 

addition of composite wastewater (Ewailwarska.B, 2007) to 

the reactor starting with a composition of 10% composite 

wastewater and 90% domestic sewage. The addition of 

composite wastewater was increased by 10% daily. 

Gradually the reactor was fed with 100% composite 

wastewater and acclimatization was achieved. The design 

considerations for the treatability study of combined 

wastewater are given in Table 2.1 

 

Table 2.1 Design considerations for Activated Sludge 

Process 

Sl.No. Parameter Range proposed 

1. 
Solids 

Retention  Time 
10-30 days 

2. 
F/M Ratio 

0.1-0.2kgBOD/ kg 

MLSS/ day 

3. MLSS 3000-6000 mg/L 

4. 
Hydraulic 

Retention Time 
15-30 h 

5. Oxygen supply 2-4 mg/L 

6. pH 7-8.5 mg/L 

Source: IS 8413 (part II)-1982 

 

 

3. RESULT AND DISCUSSION 

The pH ranged from neutral to slightly alkaline. During the 

period of study, the raw wastewater was sent into the reactor 

without neutralization as the pH of the raw wastewater was 

within the range of 7.5 – 8.5 which is conducive for the 

treatment process. Activated Sludge system performs better 

reaction in the pH range of 7-8 (Tchobanaglous et al 2003). 

TDS Showed was higher than the permissible limit and 

other parameters such as BOD3 and COD showed 

requirement of treatment for safe disposal. 

 

Table 3.1 Physiochemical Characteristics of wastewater 

samples 

Parameter Domestic sewage Tannery wastewater 

pH 7.3-7.9 7.5-8.6 

TS 710 19300 

TSS 210 3600 

TDS 500 15200 

BOD3 204 1480 

COD 460 3525 

Chloride 50 4980 

Except pH all the values are in mg/L 

 

The start-up of the ASP was carried out in a three-phased 

manner consisting of seeding phase, acclimatization phase 

and a biomass build up phase. The acclimatization of the 

bacterial culture to the composite wastewater is being 

established gradually by increasing 10 to 100%. The 

variation of MLSS during the start-up of the reactor is 

shown in Figure 3.1. After the seeding phase of activated 

biomass, the acclimatization of the activated sludge to the 

tannery waste was carried out by means of gradual 

introduction (Ajejandro, 2008). During the acclimatizing 

phase, the MLSS showed a steady rise and reached the value 

of 3200 mg/L, which was below the desired biomass 

concentration for operating the ASP. Hence the biomass 

build-up phase was carried out in order to determine a 

consistent MLSS concentration of about 4490 mg/L. 

 

MLSS concentration was also monitored daily during the 

start-up phase to understand the aerobic biomass growth in 

the reactor. The initial MLSS was found to be 1360 mg/L 

and it is gradually (Ganesn.R, 2006) increased up to3200 

mg/L on 10
th 

day and attained equilibrium around a 

concentration of 4490 mg/L. The reactor was monitored for 

outlet BOD, COD, pH and MLSS daily to understand the 

activity of the reactor. 
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Fig 3.2 Relationship between Organic loading rate and 

percent COD removal 

 

3.2 Treatability Studies 

The treatability studies on the composite wastewater were 

carried out by ASP. A start-up period of about one month 

was required for biomass acclimatization and stable unit 

performance. This is in total agreement with findings of 

Vaiopoulou et al (2007). The reactor took 30 days to 

develop the sufficient MLSS concentration after 

acclimatization and when the reactor reached the steady 

state condition (Gujer.W, 1999), the treatability studies were 

conducted by feeding the reactor regularly with composite 

wastewater at different SRT. SRT of 8, 12 and 16 days were 

maintained during which the reactor was continuously fed 

with composite wastewater at a flow rate of 8.33, 6.25, 5.00 

and 4.17 mL/min.  The DO content in the reactor was 

monitored using a DO meter and aeration was adjusted to 

keep the DO content around 2-3 mg/L. After the 

stabilization of the reactor at a particular SRT, which was 

ascertained by measuring the MLSS in the 

reactor(Falas,2013), the parameters like initial and final 

BOD, COD of the wastewater were analyzed under different 

HRT of 15, 20, 25 and 30 h. Similarly, the performance of 

the reactor with respect to BOD and COD removal was 

assessed for different SRT. 

 

 

 

 
Fig. 3.3. Relationship between percent COD removal and 

Solids Retention Time 

 

The effect of SRT on COD removal was also observed. The 

maximum percentage of COD reduction obtained at SRT of 

8, 12 and 16 days was 80, 87 and 91 respectively. The 

corresponding organic loading rate was 1.68, 1.64 and 1.61 

kg COD/m
3
/day. The relationship between percentage COD 

removal and SRT is shown in Figure 3.3. The percentage of 

COD reduction was minimum at lower SRT but increased as 

SRT was increased. A maximum COD removal of 91% was 

observed at a SRT of 16 days. As the increase was marginal 

when compared to the COD reduction at 12 days SRT, 

further increase in SRT was not considered for the study. 

 

In the present study on combined domestic and tannery 

wastewaters, a maximum COD removal of 91% was 

observed at SRT of 16 days and HRT of 30 h (Vaiopolou, 

2007). In the treatment of cotton textile wastewater using 

ASP, a treatment efficiency of 94% in terms of COD 

removal was reported at an optimum SRT and HRT of 30 

days and 38 h (1.6 days) respectively (Pala and Tokat 2002). 

In the treatment of combined dairy and domestic 

wastewater, overall removal efficiency of 98.9% for COD 

and 99.6% for BOD was achieved for the treatment of 

combined dairy and domestic wastewater at a HRT of 26 h 

and a SRT of 20 days (Tawfik et al 2008). 

 

3.3 Effect of F/M ratio on COD removal 

The effect of Food to Microorganism ratio on COD removal 

was also studied. The F/M ratio maintained in the reactor for 

each organic loading rate was arrived at using the equation 

4.1. 

 

F                   So 

-----   =        -----                                                      (4.1) 

M                 XӨ 

 

The F/M ratio obtained for an influent BOD concentration 

of 350 mg/L, HRT of 30 h and MLSS concentration of 3500 

mg/L was as below: 
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                     615   x   24 

F/M     =     ----------------- = 0.12 kg of BOD/ kg of MLSS 

                   30   x   4200 

 

The graph drawn between the calculated F/M values and 

percentage COD reduction is shown in Figure 3.4. The 

maximum COD reduction obtained for the F/M ratio of 0.08 

was 91%. It could be observed from the graph that 

maximum COD reduction was observed for lower F/M ratio. 

In substrate/biomass limited conditions, the ubstrate would 

be essentially consumed in order to ensure the cell 

maintenance requirements instead of growth functions 

(Jorge et al., 2008). 
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Fig 4.4 Effect of F/M Ratio on percent COD removal 

 

 

3.4 Determination of Kinetic Coefficients 

From the data observed during the treatability study, the 

values required for the determination of bio-kinetic 

coefficients are tabulated in   Table 4.6. The graphs drawn 

for the determination of kinetic coefficients are shown in 

Figure 3.5 and 3.6. From the graph, the maximum rate of 

substrate utilization rate „k‟ and half-velocity substrate 

concentration „Ks‟ were found as 0.416 day
-1

 and 122 mg/L 

respectively. The maximum yield coefficient „Y‟ and the 

endogenous decay coefficient „kd‟ were obtained as 0.539 

mg of MLSS/mg of COD removed and 0.088 day
-1

 

respectively. The maximum specific growth rate (µm) was 

also calculated and found to be 0.224 day
-1

. In the present 

study, the half velocity concentration and decay rate were 

122 mg of COD/L and 0.088 day
-1

 respectively. The half 

velocity constant and decay rate recorded for the domestic 

wastewater were 10-60 mg of COD/L and 0.06-0.15 day
-1

 

respectively (Tchobanoglous et al 2003). In the treatment of 

combined dairy and domestic sewage reported a growth 

yield of 0.29 mg MLSS/mg COD and a decay rate of 0.023–   

0.075 day
-1

 for glucose-fed aerobic granules (Liu et al 

2005). This model reported by Gujer et al (1999) explained 

that the decay rate for heterotrophic bacteria was in the 

range of 0.1 and 0.2 day
-1

. 

 

 
Fig 3.5 Evaluation of Biokinetic constants 
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Fig 3.6 Evaluation of Kinetic coefficients 

 

In the treatment of tannery wastewater, a half velocity 

concentration of 133 mg of COD/L and decay rate of 0.186 

day
-1

 has been reported (Ramanujam 2004). For domestic 

and textile wastewater using ASP, the corresponding values 

reported were 423 mg/L and   0.086 day
-1 

(Saravanakumar 

2007).
  

Above data indicates that wastewater of purely 

organic nature has a high half velocity concentration and 

decay rate. Wastewater which is of less organic nature has 

less half velocity concentration and decay rate. It could be 

observed that in the present treatability study on combined 

domestic and tannery wastewater, the corresponding values 

are in the intermediate range. Orhon and Artan (1994) stated 

that highest organic removal efficiency in Activated Sludge 

Process is achieved when the reactor is maintained at 

stationary phase of microbial growth rather than the log 

phase of microbial growth and this is possible at relatively 

low organic loading rate. In the present study, a maximum 

treatment efficiency of 91% was achieved at an organic 

loading rate of 1.61 kg COD/m
3
/day at a SRT of 16 days. 

This is in total agreement with findings of Orhon and Artan 

(1994). 

 

In the Monod‟s equation [µ= µm S/(Ks + S)], the value of 

two constants, maximum specific growth rate (µm) and half 

velocity concentration (Ks) determine the relationship 

between the substrate concentration (S) and specific growth 

rate (µ). In the present study, µm value was very low (0.224 

day
-1

) and the half velocity concentration was relatively high 

(122 mg/L). This combination of high „Ks‟ and low „µm‟ 

value provided the best operational stability as it minimizes 

the sensitivity of specific growth rate to the variations of 

substrate concentration as illustrated by Monod‟s equation 

(Orhon and Artan 1994). The yield coefficient „Y‟ obtained 

as 0.539 mg MLSS/mg COD in the study is less than the 

average value of 0.64 mg MLSS/mg COD (Ramanujam et al 

2004) obtained for tannery wastewaters and slightly greater 

than 0.3-0.6 mg MLSS/mg COD (Tchobanoglous et al 

2003) for domestic wastewater. The endogenous decay 

coefficient „kd‟ value of 0.088 day
-1 

is less than the 

corresponding average value of 0.186 day
-1

 for treatment of 

tannery wastewater (Ramanujam et al 2004), 0.16 day
-1

 for 

treatment of textile wastewater (Orhon et al 1999) and 0.15 

day
-1

 for domestic wastewater. The higher yield coefficient 

and lower death rate obtained can be due to the long HRT 

and SRT having a positive effect on microbial growth. 

 

The present study clearly indicates that the combined 

domestic and tannery wastewater is amenable for biological 

treatment using Activated Sludge Process. Further, the bio-

kinetics obtained from the study indicates a stable 

functioning of the ASP and enhanced microbial activities at 

longer HRT and SRT. 

 

5. SUMAARY AND CONCULSION 

 The combined domestic and tannery wastewater is 

amenable for treatment by Activated Sludge Process 

and a maximum treatment efficiency of 91% in terms of 

COD removal was achieved. 

 The optimum operating conditions for the treatment of 

composite wastewater were obtained as 16 days Solids 

Retention Time and 30 h Hydraulic Retention Time. 

 The organic loading rate at optimum operating 

condition was 1.61 kg COD/m
3
/day. 

 The bio-kinetics obtained for the treatment of combined 

domestic and tannery wastewaters are as given below: 

 

Maximum substrate utilization rate   (k)    -  0.416 day
-1

. 

Half saturation constant                     (Ks)   - 122   mg/L. 

Yield coefficient   (Y)  -0.539 mg of MLSS/mg of COD 

Endogenous decay coefficient         (kd)   -  0.088 day
-1

. 

Maximum specific growth rate         (µm)   - 0.224day
-1

. 

 

A maximum treatment efficiency of 91% was obtained for a 

lower F/M ratio of 0.08 kg BOD/kg MLSS.A relatively 

higher half velocity substrate concentration and lower „µm‟ 

value obtained provides better stability for the Activated 

Sludge Process. The maximum rate of substrate utilization 

and half velocity- substrate concentration obtained in the 

present study are around the same than those obtained for 

combined tannery waste with cow dung because of higher 

initial substrate concentration. The yield coefficient obtained 

in the present study was higher and decay coefficient was 

lower than the corresponding typical values for domestic 

wastewater due to longer SRT and HRT. The present study 

will be a promising solution for the treatment of combined 

tannery and domestic wastewater in areas, inclusive of 

Melvisharam Municipality, where their disposal without 

treatment causes environmental degradation. Pilot plant 

studies could be conducted to establish the treatment of 

combined wastewater using the Activated Sludge Process 

under field conditions and to obtain necessary data for full 

scale design. 
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