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Abstract— Tanning Industry is considered to be a major 

source of pollution and tannery wastewater in particular, is a 

potential environmental concern. Almost 70-80 % 

transformation of raw hides/skins into finished products 

occurs in water phase, average consumption of water for 

tanning process is between 30- 35 m3 per ton of raw material 

processed. Hence, it is evident that the main load of pollutants 

occurs within the wastewater. Biological treatment methods 

are both cost effective and environmentally sound alternative 

for the treatments of tannery wastewater than physico-

chemical methods. They can be used to reduce the organic 

loading in the wastewater. Sequencing Batch Reactor is a 

modified form of ASP can be used in the treatment of tannery 

wastewater. The optimization of parameters like hydraulic 

retention time of 4 hours, 6 hours, 8 hours, volumetric loading 

rate of 65%, 75%, 85%, 95% and organic loading rate of 2.54, 

3.39, 7.84 kg of COD/m3/day were done in  a laboratory scale 

SBR of 5L working volume. With COD removal rate, the 

conditions were optimized. COD removal was found to be 

82% with a HRT of 8hours and VLR of 95%. Optimum OLR 

was found to be 3.39 kg of COD/m3/day. 
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I. INTRODUCTION 

Tannery industry holds the process of making leather from 

the skins of animals. It poses serious environmental impact 

on water with its high oxygen demand, discolouration and 

toxic chemical constituents to terrestrial and atmospheric 

systems. Various wastewater streams are generated from 

different operations like soaking, liming & unhairing, 

fleshing, deliming & bating, and pickling & tanning. Tannery 

operations consist of transforming the raw hide, a highly 

putrescible material, into leather, a stable product with a 

significant commercial value. Raw hides undergo a sequence 

of mechanical and chemical processes to obtain its final 

leather form. This conversion takes place in an aqueous 

medium where acids, alkalis, chromium salts, tannins, 

solvents, auxiliaries, surfactants, tanning agents (natural or 

synthetic), oils, and salts are mixed. This industry is 

considered to be water intensive and, in turn, produces large 

quantities of liquid effluents. Tannery wastewater is 

characterized by a strong colour and is heavily polluted with 

high organic and inorganic impurities (ammonia, sulphide, 

and chloride), dissolved and suspended, and other specific 

pollutants such as vegetable and/or synthetic tannins, 

sulfonated oils, chromium, arsenic, and surfactants. 

Biological treatment methods use microorganisms, 

mostly bacteria, in the biochemical decomposition of 

wastewater to stable end products. It was reported that 

microorganisms become adapted to these environments by 

the acquisition of specific resistance systems. Biological 

Treatment methods are very effective methods to reduce 

biodegradable organics in Biochemical oxygen demand and 

a main part of COD. They offer a cheaper and more 

environmental friendly alternative for the treatment. 

Sequencing Batch Reactor (SBR) is a modified 

activated sludge biological treatment process used in solving 

the low-density bio-sludge and bulking problems due to a 

large volume of the clarifier. SBR technology has higher 

COD and nitrogen removal rates at comparatively shorter 

HRT. It is also cost effective and flexible. Sequencing batch 

reactor is a fill and draw type sludge system which operates 

in time rather than in space. SBR performs equalization, 

neutralization, biological treatments and secondary 

clarification in a single tank using timed control sequence and 

in some cases primary clarification. Sequencing batch reactor 

consists of single tank equipped with an inlet- for wastewater, 

air diffuser with compressor and piping- for aeration, sludge 

drawing mechanism- for draining sludge, decant mechanism- 

for drawing supernatant, stirrer- for inducing aeration and 

control mechanism- for operation control with respect to time 

and sequence. 

 
Fig. 1: Operation cycle of SBR 

II. NEED FOR STUDY 

Nearly 35-40m3 of waste water is generated during 

processing of one tone of raw skin/hide. The waste water is 

highly polluted in terms of biological oxygen demand (BOD), 

chemical oxygen demand (COD), suspended solids (SS), 

nitrogen, conductivity, sulphate, sulphide and chromium. 

Changes in the ionic composition of water can also exclude 

some species while promoting population growth of others. 

The high BOD content of the effluent will affect the survival 

of gill breathing animals of the receiving water body and high 

COD value indicate toxic state of the wastewater along with 

presence of biologically resistant organic substances. The 

degradation of tannin may cause eutrophication. The high 

salinity and TDS of the effluent may result in physiologically 

stressful conditions for some species of aquatic organisms 

due to alterations in osmotic conditions. Studies show that 
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increase in salinity causes shifts in biotic communities, limit 

biodiversity, exclude less tolerant species and  cause acute or 

chronic effects at specific life stages. Changes in the ionic 

composition of water can also exclude some species while 

promoting population growth of others. The pollutants are 

hazardous to human and aquatic life resulting in 

bioaccumulation. Hence, the wastewater needs to be treated 

to meet the discharge standards for being let into the water 

bodies or reused. 

III. OBJECTIVES 

The objectives of the study are 

1) To evaluate removal efficiencies of organic content and 

suspended Solids in Tannery wastewater using 

Sequencing Batch Reactor 

2) To optimize the Hydraulic retention time, volumetric 

loading ratio for the primary treated Tannery effluent 

IV. MATERIALS AND METHODS 

A. Sample 

The sample to be treated in the study is collected from CETP 

in Pallavaram and stored in the refrigerator at 4̊ C.  

B. Sludge for Acclimatization 

The return activated sludge to be used in the treatment 

process is also collected from the secondary tank in the CETP 

at Pallavaram. 

C. SBR Reactor 

An acrylic reactor of diameter 15cm and height 40 cm is 

fabricated. The total volume of the reactor is 7L, with a 

working volume of 5L. It is fitted with a motor to the stirrer 

for even distribution of air. Air supply is achieved through air 

pump and diffuser at bottom. The schematic representation of 

the experimental set-up is shown in figure 2. The sludge 

withdrawal outlet, effluent withdrawal and Decant outlet are 

placed at 2cm, 5 cm and 15 cm respectively from the bottom 

of the tank. 

 
Fig. 2: Experimental set-up 

D. Methodology 

The major steps involved include the adjustment of MLSS for 

treatment, Treatment of the wastewater in the reactor for 

optimization and the study on removal efficiencies. 

V. RESULTS AND DISCUSSION 

A. Sample Characterisation 

The wastewater collected from the CETP is characterized and 

the results are tabulated in table 1. 

Parameter Values 

pH 7.1 

BOD at 3 days (mg/L) 874 

COD (mg/L) 2120 

TSS (mg/L) 2450 

TDS (mg/L) 6700 

Table 1: Wastewater characteristics 

B. Acclimatization of Sludge 

The obtained seed sludge from Pallavaram CETP is 

acclimatized with the Tannery wastewater. Acclimatization is 

a measure of food to microorganism’s ratio. The MLSS 

concentration is checked on a three days basis and the values 

are shown in the form of a graph in figure 3. MLSS 

concentration required to start the biological process in SBR 

is 3500 mg/L. 

 
Fig. 3: Variation of MLSS Concentration with time 

Biological process in SBR can be started once the 

MLSS reaches 3500 mg/L. Hence, the reactor can be started 

C. Optimization Studies in SBR 

Optimization of parameters organic loading rate, residence 

time and volumetric loading rate were done in the lab-scale 

sequencing batch reactor for tannery wastewater. 

1) Effect of Organic loading rate 

The effect of organic loading rate for the degradation of 

tannery effluent was studied for a HRT of 8 hours at a 

constant volumetric loading rate of 85%. OLR was varied 

between 2.54, 3.39, 7.68 kg of COD/m3/day. The effect of 

OLR on COD removal was tabulated in table 2. OLR is varied 

by using the dilution method. 

OLR (kg 

COD/m3/day) 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency (%) 

2.54 530 110 79.2 

3.39 707 184 74 

7.68 1060 375.24 64.6 

Table 2: Effect of OLR on COD removal 

COD removal was due to the aerobic biological 

treatment where the biodegradable organics are degraded by 

the mixed population of microorganisms.  

OLR (kg 

COD/m3/day) 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency (%) 

2.54 219 23 89.4 

3.39 291 43 85.2 

7.68 437 95 78.2 

Table 3: Effect of OLR on BOD removal 

BOD removal efficiency decreased from 89% to 

85% when the organic loading rate increased from 2.54 to 

3.39 kg COD/m3/day.  

OLR (kg 

COD/m3/day) 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency (%) 

2.54 615 91 85.2 
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3.39 820 137 83.3 

7.68 1222 266 78.2 

Table 4: Effect of OLR on suspended solids removal 

The removal efficiencies of COD, BOD and 

suspended solids are graphically represented in figure 4. 

 
Fig. 4: Effect of organic loading rate 

It is known that increase in OLR decreases the COD 

removal rate. But, there is no significant difference in 

removal efficiency when the OLR is increased from 2.54 to 

3.39kg COD/m3/day. Hence, the optimum OLR is taken as 

3.39kg COD/m3/day. 

2) Effect of Residence Time 

The effect of residence time on the degradation of tannery 

effluent was studied for 4, 6, 8 hours. It was noted that the 

degradation was effective at 8 hours. 

Residence 

time (hours) 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency (%) 

4 536 199 62.8 

6 530 145 72.6 

8 528 110 79.2 

Table 5: Effect of residence time on COD removal 

The COD removal increases with increasing time. 

Maximum COD removal was observed at 8 hours with an 

efficiency of 79.2%. 

Residence 

time (hours) 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency (%) 

4 291 65 77.6 

6 286 53 81.5 

8 273 29 89.4 

Table 6: Effect of residence time on BOD removal 

Similar to COD removal, BOD removal also 

increases with time. Maximum BOD removal was seen at 

8hours with an efficiency of 89.4%. Figure 4.3 shows the 

BOD removal efficiency with respect to time 

Residence 

time (hours) 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency (%) 

4 817 65299 63.4 

6 832 53181 78.3 

8 823 29110 86.6 

Table 7: Effect of residence time of suspended solids 

removal 

The removal of suspended solids increases with 

time.  

Greater the residence time, greater is the time for 

degradation. Due to higher residence time, the organics were 

converted to biomass and they settle down as sludge. 

The organic and suspended removal rates are 

represented graphically in figure 5. 

 
Fig. 5: Effect of residence time 

3) Effect of volumetric loading rate 

The tannery effluent was studied for optimum volumetric 

loading rate by varying the VLR between 65%, 75%, 85%, 

95% using the optimum residence time of 8hours. The results 

were discussed for COD, BOD and Suspended solids 

removal. 

Volumetric 

loading rate 

in % 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency 

(%) 

65 291 61 79.2 

75 279 43 84.7 

85 282 36 87.2 

95 289 23 92 

Table 7 Effect of VLR on COD removal 

Table 7 shows the COD removal rates at various 

VLR. The COD removal was found to be maximum at a 

volumetric loading rate of 95%. With the increase in VLR, 

the substrate utilization also increases. The removal 

efficiency was maximum when the fill volume was 4.75L. 

Volumetric 

loading rate 

in % 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency 

(%) 

65 291 61 79.2 

75 279 43 84.7 

85 282 36 87.2 

95 289 23 92 

Table 8: Effect of VLR on BOD removal 

Table 8 shows the BOD removal rates for varying 

VLR. Maximum removal of 92% was observed at VLR of 

95%.Table 9 shows the suspended solids removal rates for 

varying VLR. 

Volumetric 

loading rate 

in % 

Influent 

(mg/l) 

Effluent 

(mg/l) 

Removal 

Efficiency 

(%) 

65 707 251 64.5 

75 702 194 72.4 

85 693 144 79.2 

95 699 126 82 

Table 9: Effect of VLR on SS removal 

Maximum removal of 88.3% was observed at VLR 

of 95%. When the volume of fill increases, the OLR 

decreases. Substrate utilization was found to increase with 

increase in OLR. Hence, an optimum VLR of 95% can be 

considered for effective removal with COD removal 

efficiency of 82%. 

Figure 5 represents the removal efficiencies of 

COD, BOD and suspended solids removal efficiencies for 

varying volumetric loading rates. 
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Fig. 5: Effect of volumetric loading rate 

VI. CONCLUSION 

Fresh water reserves are finite and hence are to be protected 

to preserve public health and environment, Continuous 

population growth and industrialization has resulted in 

degradation of water quality. Among the industries, 

Tanneries consume large amount of water and generate 

wastewater. Hence the waste water needs proper treatment to 

meet the discharge standards. Many treatment processes were 

made for treating the wastewater viz., chemical oxidation, 

adsorption, ultra-filtration, reverse osmosis, and biological 

treatment. Biological degradation can be adopted when the 

BOD/COD ratio is greater than 0.4, these methods are easier 

and cost effective. Concerning the biological processes, the 

adoption of fill-and-draw systems known as SBR can be a 

reasonable solution to solve the operational problems of 

conventional activated sludge process.SBR are known to be 

highly flexible in terms of operation and the operational 

parameters can be varied with the reactor. 

Operating 

variables 

Optimized 

conditions 
Results in removal % 

Organic 

loading rate 

3.39 kg 

COD/m3/ 

day 

COD - 79.2% 

BOD - 89.4 % 

Suspended solids -  85.2 % 

Residence 

time 
8 hours 

COD - 79.2% 

BOD - 89.4 % 

Suspended solids- 86.6% 

lumetric 

loading rate 
95 % 

COD - 79% 

BOD - 92% 

Suspended solids -  82.3% 

Table 10: Summary of the studies are tabulated below. 

The following conclusions are drawn from the 

study: 

1) Acclimatization improves the degradation process by 

increasing the MLSS concentration 

2) SBR proves to be a flexible technology for treatment of 

wastewater 

3) The removal efficiencies are maximum at VLR of 95% 

for a HRT of 8 hours and optimum organic loading rate 

is 3.39 kg COD/m3/day 

4) BOD and suspended solids for discharge standards can 

be met using SBR and it proves to be a promising 

technology 

The study can be further extended to Optimize 

Solids retention time and number of operational cycles per 

day, study degradation rate using packing media as carrier 

elements in SBR and sulphate, nitrogen removal can also be 

studied. 
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