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ABSTRACT 

The physico-chemical properties of tannery effluents such as BOD5, COD, TSS, pH, 

Ammoniacal Nitrogen, Total Chromium were studied. The overall objective of this study was to 

develop technology options one for physico-chemical process and other for biological process 

for treatment of tannery effluent including Chromium separation through application of simple 

technology. The effluent of tannery wastewater sample was collected from leather complex 

located in the eastern part of Kolkata. The outcome of this study showed that there was a 

possibility of removing Chromium from tannery sludge by applying different processes and 

technologies. A bench scale model was fabricated and installed at the laboratory of School of 

Water Resources Engineering, Jadavpur University and it was continuously run for a period of 

180 days. The effluent tannery wastewater was placed into the bio-reactor. The wastewater 

sample was aerated by using defuse aeration system. The supernatant samples were taken out 

daily 4 L from the bioreactor and at the same time the alum (Aluminium Sulphate) having 

concentration 200 mg/L was injected into the bioreactor. The physico-chemical and biological 

parameters of the influent and effluent of the bio-reactor were analyzed once in a week.  Mixed 

Liquor Volatile Suspended Solids (MLVSS), Mixed Liquor Suspended Solids (MLSS) of the 

bio-reactor were also analyzed. BOD5 and COD were measured to find the process efficiency at 

different MLVSS. The study results revealed that the removal efficiency of BOD5, COD, are 

85.5%, 88.9% respectively inoculated for a period of 7 days whereas the MLVSS and MLSS 

ratio between 52.6% and 64% which indicating satisfactory presents of bio-solids. 98.5% total 

Chromium removal was possible by using defuse aeration system.  

Key words: Bio-reactor, Alum, Physicochemical properties, Bio-removal, Total Chromium 
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INTRODUCTION 

Wastewater has been adversely affected in its purely anthropogenic influence or by natural 

processes like surface runoff or agricultural runoff [20]. Increasing industrial density, human 

population, and use of the old and polluting technologies lead to increasing environmental 

pollution. Since the environmental protection has now become a global issue, a cleaner and 

greener technology is warranted for the abatement of the industrial pollution. The leather 

industry is one such highly polluting industry. Tannery wastewater is most harmful due to 

Chromium contamination. In India, 2500 tanneries are located including Tamilnadu 50%, West 

Bengal 20% and Uttar Pradesh 15% and the production of leather product was 1738 M ft
2
/yr 
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(FAO, 2008) [9]. The annual amount of hides and skins processed is about 70,000 tones resulting 

in 75,000 m
3
 of the liquid effluent per day, the characteristics of tannery effluent vary 

considerably from tannery to tannery depending upon the size of the tannery, chemicals used for 

a specific process, amount of water used and type of final product produced by a tannery effluent 

from a typical tannery. 

Leather is a natural product like wool and is obtained from a variety of animals like cows, sheep, 

goats, etc. The transformation of the raw hide into leather requires various mechanical treatments 

and also a series of chemical treatments. Sodium Chloride, Sodium Sulfide, Lime, Chromium, 

protein, fats, etc. are the major constituents of wastewater in the tannery industry [27]. Tannery 

effluents exhibit very high value of BOD, COD [17], TSS, Chromium, Sulphide in the water 

stream and land [1].The wastewater discharged by some of the pre-tanning and post-tanning 

chemicals is under scrutiny because of the pollution caused by the same. Chrome tanning also 

falls under this category because of the considerable amount of Chromium discharged in the 

effluent. There is a worldwide regulation of the discharge of Chromium (III) from tanneries. 

In order to minimize the Chromium concentration in effluent of tannery wastewater, the 

researchers and scientists several methods have been developed for the treatment of Chromium 

containing wastewaters, including biological and physicochemical processes. However, the 

efficiency of each method and the removal rate of Chromium are depended upon several 

parameters as the chemical form of Chromium (hexa- or trivalent), the type of Chromium 

(dissolved or particulate), the presence of other pollutants, the operational parameters of the 

treatment method [12].  

The overall objective of this study was to develop technology options one for physico-chemical 

process and other for biological process for treatment of tannery effluent including Chromium 

separation through application of simple technology. 

 

MATERIALS AND METHODS 

 

The treatment of tannery wastewater treatment has been carried out by two methods. These are 

physico-chemical treatment and biological treatment. Both of the treatment has been carried out 

in the School of Water Resources Engineering, laboratory, Jadavpur University. 

 

Sampling and characterization of tannery wastewater 

 

Effluent of tannery wastewater used in this work which was obtained from Leather Complex, 

eastern part of Kolkata. The physico-chemical characteristics of tannery wastewater sample were 

observed in Table1.  

 

Table 1. Physico-chemical characteristics of tannery wastewater 
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BIO-REACTOR 

 

An experimental batch reactor made of glass having dimension (30.48cm length×30.48cm 

width×60cm height) and 6 air blowers (diffuse aeration system for transferring oxygen exerted 

by the biological solids) was fabricated in the School of Water Resources Engineering, 

laboratory, Jadavpur University. In addition, 50 L of tannery effluent collected from leather 

complex and added to makeup volume 5 L for culturing aerobic bacteria. The aerated sewage 

water amounting to 4 L was drawn from reactor and the 30 L of wastewater was poured in the 

reactor. The whole setup was kept for 24 hours for aeration. And ambient temperature of the 

system was 30 ⁰C. Accordingly, aerated supernatant sample collected from batch reactor and 

exchanged by aerated sample. As per APHA guidelines, the aerated sample was tested and 

analysis was done for pH, TSS, BOD5 and COD [5].  

PHYSICO-CHEMICAL TREATMENT 

The physico-chemical treatment was carried out by addition of alum (Aluminium Sulphate) as 

coagulant. The sample (tannery effluent) was collected from leather complex, eastern part of 

Kolkata and analyzed physico-chemical parameters and alum(Aluminium Sulphate) dosed [8] 

into sample (tannery effluent) at different concentration such as 50, 75, 100, 150, 200, 250, 300, 

350, 400 mg/L respectively as given as in Table 2. Alum dose samples were prepared by 1 

minute rapid mixing and 10 minutes slow mixing process and settled it for 150 minutes. After 

that supernatant sample collected from different alum dose container and physico-chemical 

parameter was analyzed in laboratory of School of Water Resources Engineering, J.U. Following 

results are shown in Table 2. After getting the results of physico-chemical parameters and 

percentage reduction of Physico-chemical parameters best concentration of alum dose sample 

also obtained. After that best or optimum concentration alum dose supernatant sample fed into 

the bioreactor for biological treatment purpose. 

BIOLOGICAL TREATMENT 

In biological treatment process, various parameters of importance relating to growth of 

microorganisms and substrate utilization on which the operation of the reactor is based include 

mean cell residence time, Mixed Liquor Volatile Suspended Solids (MLVSS) concentration, 

Hydraulic detention time, i.e. aeration time, food to microorganism ratio(F:M) and the dissolved 

oxygen in the reactor [22].  

Total influent volume (Q) = Volume of treated effluent (m
3
/day);  

Tank volume (V) = aeration tank volume (m
3
); 

Organic loading (F) = Total BOD5 applied (Kg/day); 

F = (f×Q)/1000; 

Where f= influent BOD (mg/L); 

Mixed liquor suspended solids (M) = (MLSS×V)/1000 

[Where MLSS is the concentration of suspended solids in mixed liquor in the aeration tank 

(mg/L)]; 

Loading factor F/M (Food to microorganism ratio): BOD5 kg/day/Kg of mixed liquor suspended 

solids (MLSS) in the aeration tank (mg/l) 

Hydraulic retention time (T) = (V/Q) ×24;                       [Where, V is aeration tank volume (m
3
)] 
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 After the Physico-chemical treatment and Biological treatment, the concentration of total 

Chromium removal and reduction of Chromium concentration in physico-chemical and also 

biological process was also observed.  

RESULTS 

The Physico-chemical and biological properties of wastewater over the study period showed that 

tannery effluent exceed the standard guideline discharge limit. 

Table 2. Physico-chemical parameters of 

different concentration alum dose (precipitation 

agent) sample of tannery effluent 

  

       

                                                                               

                                       

a. Multiple modes exist. The smallest value shown 

The physico-chemical parameters such as BOD5, COD, TSS, pH of tannery effluent and different 

concentration alum dose sample showed in Table 3. And statistical analysis [19] of Physico-

chemical parameters of tannery effluent and different concentration of alum dose tannery 

effluent sample also showed in Table 3. According to statistical analysis, the maximum and 

minimum values of Physico-chemical parameters are such as BOD5 1300 and 725 mg/L, COD 

2720 and 4560 mg/L, TSS 48 and 1494 mg/L and pH 9.01, 8.19. 

EFFECT OF ALUM (PRECIPITATING AGENT) ON pH OF WASTEWATER 

Different concentration of alum (precipitating agent) was added into 10 L of tannery effluent and 

pH value was determined after rapid and slow mixing procedure. The solution of pH is 

dependent factor for determination of Physico-chemical process of tannery effluent sample, and 

it also affected by precipitating agent. Fig 1 showed that increasing the precipitating agent dose, 

pH of the solution also increase. Initial pH of the tannery effluent or zero concentration of alum 

Table 3. Statistical analysis of physico-

chemical parameters 
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dosing sample was 8.19 after the addition of alum 50mg/L, pH increased to 8.26. The maximum 

rate of increase pH 8.4 to 9.1 then alum dose were 200 – 250 mg/L sample. The results revealed 

that there was high positive correlation between pH values and the precipitating agent dose (R = 

0.891). Chemical addition is necessary in order to compensate the pH drop due to Chromium 

precipitation. The presence of alum maintaining a conductive pH for the formation of Cr2(SO4)3 

precipitate, it might also have had some coagulating effect. The pH increase indicates that 

coagulation of tannery wastewater could offer a possibility for treated wastewaters which may a 

neutral or higher pH value. Chemical precipitation may benefit tanneries where the pH correction 

of acidic stream is required in order to meet discharge requirements (pH 6-9)[13]. 

 

 

Fig 1: Effect of precipitating agent (alum) dose on pH of tannery wastewater 

EFFECT OF PRECIPITATING AGENTS ON BOD5, COD, TSS OF TANNERY 

WASTEWATER 

The effects of the precipitating agents on BOD5, COD and TSS removal depends on pH value 

and this is shown in Table. It can be seen that BOD5, COD and TSS removal is most effective 

(44.38-40.23%), (40.35%), (69.9-96.79%) at concentration range was 150-200 mg/L, 200mg/L, 

and 200-350 mg/L of alum respectively when the pH was 8.36-8.4 for BOD5, 8.4 for COD and 

8.4-8.94 respectively. So, it can be explained that 200 mg/L concentration of alum dose is the 

best concentration for removal of BOD5, COD and TSS. And neglecting the Physico-chemical 

parameters values more than 200mg/L concentration statistically analyzed the physico-chemical 

parameters in Table below. 
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Table 4. Percentage reduction of physico-

chemical parameters after alum dosing 

 

Table 5.Statistical Analysis of Physico-

chemical parameters 

a. Multiple modes exist. The smallest value is shown 

 

Table 6. Pearson correlation of physico-chemical parameters of tannery wastewater 

  BOD5 

(mg/L) 

COD 

(mg/L) 

TSS 

(mg/L) pH 

BOD5 (mg/L) Pearson Correlation 1 .918** .757 -.784 

Sig. (2-tailed)  .010 .081 .065 

N 6 6 6 6 

COD (mg/L) Pearson Correlation .918** 1 .607 -.841* 

Sig. (2-tailed) .010  .202 .036 

N 6 6 6 6 

TSS (mg/L) Pearson Correlation .757 .607 1 -.764 

Sig. (2-tailed) .081 .202  .077 

N 6 6 6 6 

pH Pearson Correlation -.784 -.841* -.764 1 

Sig. (2-tailed) .065 .036 .077  

N 6 6 6 6 

 

**. Correlation is significant at the 0.01 level (2-tailed).  *. Correlation is significant at the 0.05 level (2-tailed). 

The effects of the precipitating agents on BOD5, COD and TSS removal depend on pH value and 

these are shown in Fig 2, 3 and 4. It showed that BOD5, COD, TSS removal was most effective 

(40.2%, 40.4%, 69.9%) in 200 mg/L of alum dosing sample when the pH was 8.4. According to, 

Pearson correlation, there is strong negative correlation [R= (-)0.784, (-)0.841, (-)0.764 

respectively], which means the rate of BOD5, COD, TSS decreased then the pH was increased 

and also increased the removal of  BOD5, COD, TSS. And pH increased means alum dosing also 

increased but also observed that more than 200 mg/L alum dosing sample was not removed 

BOD5, COD. TSS removal was possible, because of more concentration of alum dosing made 
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more coagulant formation but other parameter removal was not possible. So, it was found from 

the experimented result that 200 mg/L concentration of alum dosing is the best alum dose for 

removal of Physico-chemical parameters. 

 

 

 

 

 

 

 

 

Fig  4: Effect of alum (precipitating agent) dose and pH on TSS of the tannery wastewater 

 

After Physico-chemical treatment of effluent tannery wastewater of different alum dosed 

concentration, it was found that 200 mg/L alum dose concentration in tannery wastewater was 

optimum removal of BOD5, COD, TSS and pH. So, it was selected for feeding into bio-reactor 

for the treatment of effluent tannery wastewater. Again Physico-chemical parameters of 200 

mg/L alum dose sample and effluent tannery wastewater were measured, analyzed and provided 

Fig 2: Effect of alum (precipitating agent) 

dose and pH on BOD5 of the tannery 

wastewater 

Fig 3: Effect of alum (precipitating agent) 

dose and pH on COD of the tannery 

wastewater 
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in Table 7. From Table 8 and 9, it is observed that 46.2% of BOD5, 40% of COD, 89.4% of TSS 

reduction is possible at 200 mg/L alum dose concentration of sample.  

Table 7. Physico-chemical parameters of 

optimum alum dose sample 

No of Sample BOD5 

(mg/L) 

COD 

(mg/L) 

TSS 

(mg/L) 

pH 

Sample of 
Tannery effluent 

1300 2400 1056 8.24 

 200 mg/L alum 
dose  wastewater 
Sample 

700 1440 112 8.01 

Table 8. Percentage reduction physico-

chemical parameters of optimum alum dose 

sample 

No of Sample %BOD5 %COD %TSS 

200 mg/L alum 

dose wastewater 
sample 

46.2 40.0 89.4 

 

Table 9. Physico-chemical treatment of 

settled secondary treated wastewater  

No of Sample BOD5 

(mg/L) 

COD 

(mg/L) 

TSS 

(mg/L) 

pH 

Bio-reactor 102 160 65 8.61 

 

 

Table 10. Percentage reduction of settled 

secondary treated wastewater 

No of Sample % BOD5 % COD % TSS 

Bio-reactor 92.2 93.3 93.84 

 

Diffuse aeration system was used for the treatment of tannery wastewater. It was operated 

continuously for 180 days. Settled tannery wastewater was used as influent to the aeration tank. 

A removal efficiency of 92.2 to 93.66% for BOD5 and COD was obtained when the diffuse 

aeration system is operated at an efficiency of 93.84 to 94% for BOD5 and COD was obtained 

when the diffuse aeration system is operated at an MLVSS concentration of 4220 mg/L keeping 

an aeration time of 24h. MLSS and MLVSS of bio-reactor are shown in Table. 11. 

Table 11. MLSS and MLVSS  of the bio-reactor  sample 

Sl. No. Location of 

sample 

MLSS 

(mg/L) 

MLVSS 

(mg/L) 

1. Bio-reactor 8024 4220 

2. Bio-reactor 8020 5172 

 

Volume of liquor in the bioreactor = 30L; Tannery effluent BOD = 1200 mg/L; 

Settled wastewater BOD = 700 mg/L; MLSS in Bioreactor = 8024 mg/L; 

MLVSS in Bioreactor = 4220 mg/L; Daily replacement of liquor = 4 L/day; 

F/M ratio = 
700 ×4

0.03×1000 ×8024
 = 0.0117                [ok, values < 0.05-0.15, for extended aeration [11]] 

Volumetric loading rate =
(4×700)/1000 ×1000

0.03
 = 0.094 kg/m

3
/day. 

The total Chromium concentration removal was monitored during physico-chemical treatment 

and after feeding the supernatant sample into bioreactor. The total Chromium concentration in 
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tannery effluent, alum dose sample and bioreactor sample were 31.8, 0.472 and 0.235 mg/L 

respectively and it was measured by Atomic Absorption spectrophotometer. The experimental 

study showed that 98.5% of total Chromium concentration could be removed by physical and 

chemical process at pH value was 8.1, when alum dosing sample fed into bioreactor then 99.26% 

total Chromium removal also possible at pH value was 8. There was very high positive 

correlation (R=0.913) between pH value and concentration of alum dosing sample and bio-

reactor sample. 

Table 12. Total Chromium concentration of the following sample 

Name of the sample pH Total Chromium 
(mg/L) 

Removal %  

Tannery effluent wastewater  8.24 31.8 ----- 

Alum dose Sample 8.1 0.472 98.5 

Bio-reactor Sample 8.0 0.235 99.26 

 

 

 

CONCLUSION 

Tannery effluent from leather complex, eastern part of Kolkata was treated in bench scale model 

in the Laboratory of School of Water Resources Engineering, Jadavpur University, Physico-

chemical as well as biological treatment were considered in the bench scale model to establish 

treatability as well as efficacy of the methods adopted for the tannery wastewater.  

Fig 5: Effect of alum dose (precipitating agent), bio-reactor and pH on conc. of Total 

Chromium of the tannery wastewater 

Fig 6: Percentage reduction of total Chromium different concentration alum dosed sample 
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The physico-chemical treatment was carried out by addition of alum (Aluminium Sulphate) as 

coagulant. Rapid mixing for 1 minute as well as slow mixing for 10 minute was adopted for the 

physico-chemical process while adding alum. Study could reveal that alum doses of 200 mg/L 

could produce 46.2% removal of BOD and 40% removal of COD. Thus bench scale study 

showed that BOD and COD could be brought down from 1300 mg/L and 2400 mg/L to 700 

mg/L and 1440 mg/L respectively. The TSS removal was achieved as 89% while bringing down 

TSS from 1056 mg/L to 112 mg/L. The physico-chemical treated wastewater was fed in a 

bioreactor having capacity of 30 L. 

The bioreactor was provided with diffuse aeration system for transferring oxygen exerted by the 

biological solids in the reactor. The bioreactor was fed with 4 L of Physico-chemically treated 

wastewater. Every day, indicating a detention of 7.5 days. Thus the bioreactor during bench scale 

study operation as extended aeration system. 

The average BOD and COD in feed wastewater to bioreactor waste measured as 700 mg/L and 

1440 mg/L respectively. The settled secondary treated wastewater BOD and COD (after Bio-

reactor) were found to 102 mg/L and 106 mg/L. Thus BOD and COD removal efficiency in the 

tune of 85.5% and 88.9% were achieved in the bioreactor. The efficiency in the experimental 

bioreactor in removing the BOD and COD was found to be satisfactory. As because of 90 to 95% 

BOD removal could be achieved in the extended aeration system. 

In the bioreactor, MLSS ranged between 8020 and 8024 mg/L while MLVSS ranged between 

4220 and 5172 mg/L. Thus MLVSS/ MLSS ratio ranged 52.6% and 64% indicating satisfactory 

presents of bio-solids. 

The total Chromium removal was monitored during physico-chemical treatment. The total 

Chromium in effluent of tannery wastewater was 31.8 mg/L. After Physico-chemical treatment 

of wastewater total Chromium presents 0.472 mg/L. The experimental study showed that 98.5% 

of Chromium could be removed by physical and chemical process. 
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