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ABSTRACT 

 

Leather sector is the third largest foreign currency earning sector in Bangladesh. Out of total 

170 tanneries in Bangladesh, 150 of them are located at Hazaribagh in Dhaka.  About 21,600 

m
3
 of highly polluted tannery wastewater is generated daily by leather manufacturing 

process in this area and crude disposal of this waste are creating serious hazard to the 

environment. An attempt has been made to analyze the present status of Hazaribagh in terms 

of tannery wastewater treatment. Now it is prerequisite to develop an appropriate treatment 

system of tannery wastewater. For this, it is obvious to manage each fraction of the treatment 

system in a cost effective and environment friendly way. 

Experimental results showed that tannery wastewater contains very high 

concentration of organic matter, solids, sulfates, sulfide and chromium in tannery effluent. 

These characteristics were not suitable for using a single treatment system- physical, 

chemical or biological. For this reason, combined system of treatment (physical-chemical-

biological) was used. As a part of physical treatment system, primary sedimentation was run 

out. And this primary sedimentation removed a significant portion of color, COD and BOD5 

and most of the chromium. The study was carried out by using different proportion of 

acclimatized sludge to combined raw sample (tannery wastewater + domestic sewage) in 

three different bench scale reactors with three separated F/M ratios, extended aeration was 

carried out in bench scale reactors for 03 days at room temperature and the pH was 

maintained between 6.5 and 7.0. Color, COD and BOD5 were determined for every reactor 

and results showed increasing pattern of color value and decreasing residual value of COD 

and BOD5 with less decline rate. These phenomena indicated that if color value was wanted 

to be reduced, then chemical treatment option such as alum coagulation could be adopt. Here 

a suitable F/M ratio was also selected on the basis of the capacity of parameter reduction. 

Apart extended aeration, the reactors were subjected to aeration-anoxic cycle with 

pre and post alum coagulation to fulfill the aim of developing appropriate technology for 

reduction of wastewater parameters. The performance was analyzed on the basis of 

comparative analysis of removal percentages of Color, COD and BOD5 reduction achieved 

in Case-1 with extended aeration were 33%, 75% and 82% respectively whereas for Case-2 

(aeration-anoxic cycle with post alum coagulation) removal percentages were 85%, 89% and 

96% respectively and for Case-3 (aeration-anoxic cycle with pre alum coagulation) removal 

percentages were 75%, 78% and 89% respectively. 



COD reduction curve for Case-1 and Case-2 followed irregular pattern, hence it can 

be said that the biodegradation rate is seed-specific and various operational processes. COD 

reduction in Case-2 is much higher than case-1. Because Case-2 contained anoxic period 

which contributed in more NH4 reduction and due to this incidence, bacteria mainly oxidized 

organic matter after anoxic period which leads to higher COD reduction. Yield coefficient, Y 

was gotten 0.57 for Case-1 that means growth of microorganism was occurred here though 

decay rate of micro-organism was higher. Yield coefficient, Y was gotten 0.60 for Case-2 

that means growth of microorganism was higher whereas decay rate of micro-organism was 

lower. 

Presence of ammonia creates problems in oxidization of organic matter. Ammonia 

reduced gradually for Case-1 and reduced drastically for Case-2. Anoxic period that means 

oxygen limiting period converts nitrate into nitrogen gas through denitrification. Hence 

Case-1 performance in removing ammonia was poor for not existence of anoxic unit. 

From the performance of three cases, it was evident that F/M ratio of 0.22 is highly 

potential ratio for biological treatment of tannery waste and it is also found that Case-2, 

where aeration-anoxic cycle with post alum coagulation was continued up to 30 hour 

detention time with 0.22 F/M ratio, showed the optimum results in terms of residual color 

(126 Pt-Co unit, 85% removal), residual COD (232 mg/l, 89.49% removal) and residual 

BOD5 (46 mg/l, 96% removal). Due to this reason, the standards of Case-2 were chosen as 

optimum condition for tannery wastewater treatment. The criteria of Case-2 can be used for 

further study or design purpose. Based on the principals of Case-2, the economic feasibility 

of tannery wastewater treatment plant can also be studied further. 
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CHAPTER 1 

INTRODUCTION 

1.1 General  

 

First tannery was established at Hazaribagh in Dhaka. In 1947, Hazaribagh was declared as a 

tannery estate by a government gazette notification in 1951. There are about 170 tannery 

units in Bangladesh, 150 of them are located at Hazaribagh in only 50 acres of land 

(Banglapedia, 2005). With the rapid growth of Dhaka city over the past five decades, now 

Hazaribagh itself is surrounded by densely populated localities.  

 

Tannery is one of the major industries in Bangladesh. These industries hold the third position 

in terms of remittance by exporting of leather and leather goods (EPB report). According to 

the records of the Bangladesh Tanners Association, about 3,000 workers are employed in the 

tanning industry. Besides, there are about 100 qualified technologists including foreign 

nationals who are working in different tanneries. Total capital invested in the tannery 

industry is estimated at Tk 2.5 billion, of which government/bank finance is about Tk 1.2 

billion. About 1,500 persons are involved in the process of collecting raw hides and skins 

and making them available at tannery units. About 100 organizations import chemicals for 

use in tannery industry. Bangladesh produces approximately 100-150 million sq. feet of raw 

hides and skins, about 85% of which is exported in crust and finished form. The rest is used 

for producing leather goods to cater to the domestic market. Until 2001, annual export 

receipts from this sector remained below taka one billion. Some projections suggest that if 

properly organized, this figure could be raised to Tk 5 billion (Banglapedia, 2005).  

 

Tannery transforms raw hides into leather for manufacturing articles like shoe, bag, suitcase, 

belt, wallet, jacket etc. The leather industrial sector of Bangladesh has been almost entirely 

supported by local raw material resources like buffalo and cow hides, goat and sheep skins. 

About 40% of the yearly production of hides and skins are available during the Qurbani time 

and processed at the rate 450 t/day within 75 days; while processed rate is 230 t/day during 

the rest of the year - 225 days (Basak, 2012). 

 

In Environmental Conservation Rules (ECR, 1997), it is noticed that tannery industries fall 

in red category and wastewater need treatment before disposal. But there is very little 



consciousness about the pollution by tanneries. The pollution potential of tannery wastes 

arises from the high concentration of organic and in organic substances and the presence of 

toxic chemicals in the waste. The indiscriminate discharge of untreated waste in natural 

bodies is continuously polluting water, air, soil, shelter and food. At present on an average, 

21,600 m
3
 liquid wastes are being generated every day; where yearly waste generation is 485 

million m
3
 (Mahmood, 2008). The pollution creates serious health threat not only to one 

million people living in the vicinity of this concentrated industrial area but also to tannery 

workers and degrade the environment. Among the tannery workers, about 761 per thousand 

people are suffering from gastric and ulcer, 516 per thousand people from skin diseases, 290 

per thousand people are suffering from jaundice (The Daily Ittefaq, 2007). 

 

To save the environment as well as to save the leather industry it is high time to think about 

the technological measures to combat environmental challenges from leather processing 

activities. The technological standards that have been setup when the industry was 

established have remain almost unchanged (Basak, 2012) for developing proper system for 

the tannery waste, it is obvious to manage each fraction of the waste in a cost effective and 

environmentally friendly way leather manufacturing processes generate liquid waste varying 

in composition at various stages. Hence, the treatment system requires special attention on 

characteristics of waste water. The tropical climate of Bangladesh is favorable for the rapid 

stabilization of waste through biological process (Rahman, 1984). 

 

Biological treatment of wastewater is evaluated as a suitable treatment method for effluents 

of tanneries. Treatment of wastes with bacteria involves the stabilization of waste by 

decomposing into harmless inorganic solids either by aerobic or anaerobic process. In 

aerobic process, the decomposition rate is more rapid than the anaerobic process and it is not 

accompanied by unpleasant odor, whereas in anaerobic process, longer detention period is 

required and gives unpleasant odor. 

Activated sludge process is a feasible treatment technology for tannery wastewater where 

limited space restricts the use of other biological methods. In this process, the activity of a 

microbial species community under controlled operating conditions permits the 

biodegradation of organic matters and nutrients from wastewater (Hiruy, 2000). It also 

ensures the recycling of waste water. 



In view of the increasing of tannery and increasing pollution problems in Bangladesh, this 

study attempts to find out efficient and cost-effective treatment option for tannery 

wastewater in order to protest the environmental pollution.  

 

1.2 Objectives 

The overall objective of this research work is to develop a suitable technology for biological 

treatment of tannery wastewater.  

The specific objectives of the research work are: 

a) To assess the characteristics of tannery wastewater, 

b) To determine the optimum F/M ratio and detention time for treatment of                  

tannery wastewater,  

c) To assess the effect of anoxic condition in treatment system on effluent quality. 

 

1.3 Scope of the Study 

Tannery industries generate wastewater containing various types of organic particles and 

toxic chemicals which are discharged in open drains and ultimately find its way on to land 

surfaces and in natural waters in the vicinity of the tannery. The magnitude of water 

pollution from tannery waste has already taken considerable dimension to threaten public 

health and the environment. This situation creates the growing necessity to study the 

pollution problems and to find out an appropriate method for the prevention of such 

pollution. 

To draw the picture of present status of tanneries, especially the tanneries of Hazaribagh area 

in Dhaka, a study based on field survey and secondary data has been conducted. In order to 

examine suitable technology for the treatment of tannery wastewater, biological method has 

been used including physical method (sedimentation) and chemical method (coagulation). 

Textile sludge has been utilized for acclimatization of combined raw sample consists of 

tannery wastewater and domestic sewage. Varying the detention time and F/M ratio, it has 

been tried to determine the optimum values. Due to lack of resources and modern technology 

not much is being done to improvise the study. 



It is highly expected that the information, generated from this study, will provide the 

practical knowledge about biological treatment of tannery wastewater as well as the scenario 

of tanneries with tanning processes. 

 

1.4 Organization of the Thesis 

The present thesis comprises of six chapters. Chapter one titled ‘Introduction’ gives an 

introduction of the thesis along with objectives of the research work. 

Chapter two titled ‘Literature Review’ contains a brief and selective review of the relevant 

literature. Characteristics of tannery wastewater, treatment methods, operational parameters 

etc. all are gathered here.  

Chapter three titled ‘An Overview of Tanneries in Bangladesh’ presents a scenario of 

Bangladesh’s tanneries. It includes present status of tanneries and tanning processes of 

leather along with effects of tannery wastewater on environment and health.  

Chapter four titled ‘Methodology’ presents the methodology for carrying out the present 

work. It includes collection of samples, experimental setup and procedures. 

Chapter five titled ‘Results and Discussion’ examines the performance of activated sludge 

process in terms of pH control, F/M ratio, detention time, removal of color, ammonia, BOD5, 

COD etc. A comparison with the standard value and a summary of the find 

Finally chapter six titled ‘Conclusion and Recommendation’ attempts are made to bring 

the major findings of the study together in the form of conclusion and outline the 

recommendations for the studies to be required in future. 

 

 



CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

This chapter contains a brief and selective review of the relevant literature. Moreover, this 

chapter provides an overview of the tannery wastewater characteristics, operational 

parameters, primary, secondary and tertiary treatment methods. Biological treatment is in the 

category of secondary treatment and among many biological treatment methods, activated 

sludge process has several advantages such as requirement of less area with little energy, 

recycling of sludge at a relatively low hydraulic retention time.  

 

2.2 Characteristics of Tannery Wastewater  

Usually tannery wastewater is characterized by strong color, high BOD, high COD, low pH 

and high dissolved salts. Disposal of these wastes into watercourses or onto land can cause 

irreversible damage to the environment in the vicinity (Rahman, 1988).  

Spent soak liquor : Spent soak liquor is olive green in colour and contains soluble proteins 

like albumin and has an obnoxious smell. Suspended matters like dirt, dung and blood 

adhering to the hides and skins are discharged intermittently with the soak liquor. The 

salinity of soak liquor is very high, varying from 15,000 to 20,000 mg/l (as cl). Soak liquors 

undergo putrefaction very rapidly since they contain a large amount of dissolved and 

suspended organic matters and a favorable pH
    

for the growth of bacteria. The biochemical 

oxygen demand (BOD) of the soak liquor is usually between 1100 to 2500 mg/l.  

Spent lime liquor : Lime liquor contains suspended and dissolved lime and sodium 

sulphide. It is highly alkaline and is one of the heaviest of the fractions in terms of BOD and 

suspended solids which may vary from 6000 to 9000 mg/l and 4500 to 6500 mg/l 

respectively.  This waste may contain high concentration of sulphides when sodium sulphide 

is used in the liming process and may also contain high ammonical nitrogen content owing 

to decomposition of protein. 

Unhairing and fleshing effluent : The effluent from unhairing operation is more or less 

continuous and contains mostly hairs and sulphides. Fleshing operation gives rise to an 



effluent which is also more or less continuous and contains fatty and fleshy matters in 

suspension. 

Deliming effluent : Spent deliming liquors which are discharged as waste also carry a 

significant pollution load in terms of BOD. BOD of this waste varies from 1,000 to 2,000 

mg/l. 

Spent bate liquor : It has a high amount of organic matter and ammonical nitrogen due to 

the presence of soluble skin proteins and ammonium salts used in bating. BOD is usually 

low. 

Spent pickle liquor : This waste contains a high amount of salt and also free acid. BOD of 

the waste ranges from 500 to 900 mg/l. However, in most cases spent pickle liquor is not 

separately discharged since the chrome tanning solution is prepared in the same pickling 

tank using the spent pickle liquor. 

Vegetable tanning effluent : The spent vegetable tan liquor is probably the strongest 

fraction in a composite tannery effluent. Although its discharge is batch wise or intermittent 

and constitutes about 10% of the total volume of the effluent, its BOD ranges from 6,000 to 

12,000 mg/l. It is acidic in nature and has a persistent color, which is difficult to remove by 

known chemical or biological method, and a characteristic offensive odor. 

Chrome tanning effluent : The spent chrome tan liquor is greenish in color and highly 

acidic. The waste contains a high concentration of trivalent chromium ranging from 100 to 

200 mg/l. Hexavalent chromium is not generally present in the waste chrome liquor because 

of the reducing agent used and one-bath process is utilized. Bod of the waste is usually about 

1,000 mg/l. 

Dyeing and fat-liquoring wastes : The effluents from the dyeing and fat-liquoring 

processes are generally small in volume and discharged intermittently. The principal 

components are the residuals of various dyes used in a tannery and oily emulsion.  

Composite wastewater : The composite wastewater from a tannery is highly colored and 

foul smelling. It is also alkaline with a high amount of suspended and dissolved impurities. 

In spite of the highly acidic nature of some of the waste discharges, especially the spent 

chrome tan liquor  including spent pickle liquor, the reason for the total mixed wastewater of 

a tannery, being in most cases alkaline, is that the amount of lime present in spent lime 

liquor is usually excessively high and as a result, maintenance the pH of the mixed 



wastewater in the alkaline range even after reacting with other acidic steams. BOD of the 

composite wastewater varies from 2000 to 3000 mg/l. Table 2.1 shows consumption quantity 

(Mahmood, 2008), Table 2.2 presents wastewater parameters of three major steps - liming, 

chrome tanning and dyeing (Saha, 2001), Table 2.3 shows the pollution load in different 

steps conducted to leather processing (Mahmood, 2008) and Table 2.4 presents the 

characteristics of tannery effluent found in samples collected from tannery industries located 

at Hazaribagh, Dhaka (Saha, 2001). 

Table 2.1: Water consumption in leather industry (Mahmood, 2008) 

 

 

 

 

 

 

 

 

Table 2.2: Wastewater parameters of liming, chrome tanning and dyeing steps (Saha, 2001) 

Leather Manufacturing Steps 

Parameters 

BOD5 

(mg/l) 

COD 

(mg/l) 

TDS 

(mg/l) 

TSS 

(mg/l) 

TS 

(mg/l) 

Liming 15825 31156 27770 16130 43900 

Chrome Tanning 544 5572 89240 2240 91480 

Dyeing 2025 505 3490 760 4250 

 

Operation Discharge (m
3
/t raw hide) 

Soaking 7 – 9 

Liming 9 – 15 

Deliming, Bating 7 – 11 

Tanning 3 – 5 

Post-tanning 7 – 13 

Finishing 1 – 3 

Total 34 - 56 



Table 2.3: Summary of pollution loads discharged in effluents                                                    

from individual processing operation (Mahmood, 2008) 

Operation Pollution load (kg/t raw hide) 

SS COD BOD5 Cr S
2-

 NH3-N TKN Cl
-
 SO4

2-
 

Soaking 11-17 22-23 7-11 - - 0.1-0.2 1-2 85-113 1-2 

Liming 53-97 79-122 28-45 - 3.9-

8.7 

0.4-0.5 6-8 5-15 1-2 

Deliming/ 

Bating 

8-12 13-20 5-9 - 0.1-

0.3 

2.6-3.9 3-5 2-4 10-26 

Tanning 5-10 7-11 2-4 2-5 - 0.6-0.9 0.6-0.9 40-60 30-55 

Post-

tanning 

6-11 24-40 8-15 1-2 - 0.3-0.5 1-2 5-10 10-25 

Finishing 0-2 0-5 0-2 - - - - - - 

Total 83-149 145-231 50-86 3-7 4-9 4-6 12-18 137-

202 

52-110 

 

Table 2.4: Characteristics of tannery wastewater (Saha, 2001) 

Parameter Unit Range of 

Concentration 

Parameter Unit Range            of 

Concentration 

BOD5 mg/l 1080 – 22400 pH   5.4 – 8.6 

COD mg/l 1560 – 24800 Alkalinity as CaCO3  mg/l 754 – 1358 

Chloride mg/l 960 – 1620 Cadmium mg/l 0.0119 – 0.022 

Total   

Chromium 

mg/l 11.195 – 74.157 Lead mg/l 0.1091 – 1.529 

Parameter Unit Range of Parameter Unit Range            of 



Concentration Concentration 

Sulphide mg/l 46 – 5040 Iron mg/l 1.9708 – 8.4914 

Sulphate mg/l 770 – 4648 Copper mg/l 0.1829 – 0.2265 

TS mg/l 6013 – 11374 Manganese mg/l 0.07 – 0.08 

TSS mg/l 23.06 – 5010 Phosphate mg/l 1.79 – 2.28 

TDS mg/l 2711 – 9068 Color Pt-Co 792 – 1120 

NO2-N mg/l 0.182 – 0.384 Turbidity NTU 26.8 – 79.2 

NO3-N mg/l 86.2 – 1003.2 

 

2.3 Treatment Methods for Tannery Wastewater 

Treatment objectives are concerned with the removal of suspended and floatable materials, 

treatment of biodegradable organics and the elimination of pathogenic organisms. The 

degree of treatment can be determined by comparing the influent wastewater characteristics 

to the required effluent wastewater characteristics. The contaminants in wastewater are 

removed by physical, chemical or biological means (Metcalf & Eddy, 1995). 

 

2.3.1 Primary treatment 

The objective here is the removal of settleable organic and inorganic solids by 

sedimentation, and the removal of materials that will float (scum) by skimming. 

Approximately 25-50% of the incoming biochemical oxygen demand (BOD5), 50-70% of 

total suspended solids (SS), and 65% of the oil and grease are removed during primary 

treatment.  

Several primary treatments are: 

i. Screening 

ii. Pumping/lifting 

iii. Chemical treatment (coagulation, flocculation) 

iv. Settling – primary sedimentation 

v. Sludge dewatering 

2.3.2 Biological (secondary) treatment 



In most cases, secondary treatment follows primary treatment, its goal being the removal of 

biodegradable dissolved and colloidal organic matter. Biological systems may be used to 

meet variable flows and loads. There are two types of biological processes-Aerobic and 

Anaerobic. Aerobic biological treatment is carried out in the presence of oxygen by aerobic 

micro-organisms (principally bacteria) that metabolize the organic matter in the wastewater, 

thereby producing more micro-organisms and inorganic end products (principally CO2, NH3 

and H2O).  

 

Bacteria metabolism has two component parts: Catabolism for energy and Anabolism for 

synthesis. 

 

(1) Catabolism 

 

CxHyOzN      + O2      CO2 + H2O + NH3 + energy 

        (organic matter) 

(2) Anabolism  

CxHyOzN + energy                                 C5H7NO2 

     (3) Autolysis 

 C5H7NO2 + 5O2                               5CO2 + NH3 + 2H2O + energy 

 

According to “Wastewater Treatment Best Practices”, Secondary treatment is a biological 

treatment stage to remove dissolved organic matter from wastewater. Sewage 

microorganisms are cultivated and added to the wastewater, and the organic matter serves as 

their food supply. The microorganisms absorb nutrients and organic matter as they grow. 

There are three approaches used for secondary treatment, and they include fixed film, 

suspended film and lagoon systems. Fixed film treatment grows microorganisms as a film on 

a solid substrate (such as rocks), and technologies include trickling filters, rotating biological 

contactors, and sand filters. Suspended film systems grow the bacteria in suspension, and 

they settle out as sludge which is removed, treated, and disposed of. Suspended film systems 

can be operated in a smaller space than fixed-film systems that treat the same amount of 

water. However, fixed-film systems are more able to cope with drastic changes in the 

amount of biological material and can provide higher removal rates for organic material and 

(bacteria) 

bacteria 

bacteria 

bacteria 



suspended solids than suspended growth systems. Activated sludge, extended aeration and 

sequential batch reactor systems are all examples of suspended film systems. Lagoon 

systems are shallow basins which hold the wastewater for several months to allow for the 

natural degradation of nutrients and organic matter by naturally occurring bacteria. This 

approach is usually used by smaller plants (< 1 million gallons/day). 

 

2.3.3 Advanced (tertiary) treatment 

Tertiary or advanced wastewater treatment is employed to achieve additional removal of 

suspended solids (including algae) and further reduction of faecal coliform. SS removal also 

produces a substantial reduction in COD and BOD5 (Duncan Mara).  

 

According to “Wastewater Treatment Best Practices”, tertiary treatment of wastewater is 

often required to further remove contaminants to a sufficient degree to protect receiving 

waters, and may be mandated for certain plant permits. Tertiary treatment can consist of an 

extension of secondary biological treatment for additional nutrient removal, or advanced 

treatments to remove other contaminants.   Phosphorus can be removed by chemical 

precipitation with alum, ferric chloride. Specific microorganisms can be selectively enriched 

and accumulate the phosphorus during their growth, and can be removed and the resulting 

sludge used as fertilizer. This approach is considered highly effective and cost-efficient. 

  

Nitrogen removal involves oxidizing ammonia (the form of nitrogen found in wastewater) to 

nitrate (nitrification) in a two-step aerobic process, and then reducing the nitrate to nitrogen 

gas (denitrification) under anoxic conditions. All steps are facilitated by selectively enriched 

bacteria. The resulting nitrogen gas is harmless and is released to the atmosphere. Sand 

filters, lagoons and constructed wetlands can all be used to reduce nitrogen, but a well-

designed activated sludge process can do the job the most easily and effectively. In 

summary, modern WWTPs can effectively accomplish nitrogen removal when biological 

nitrification/denitrification is a part of the activated sludge process.  

 



2.4 Activated Sludge Process 

The activated sludge process was developed in England in 1914 by Ardern and Lockett and 

was so named because it involved the production of an activated mass of micro-organisms 

capable of stabilizing a waste aerobically (Metcalf & Eddy, 1995).  

2.4.1 Process description 

Activated Sludge Process is a biological treatment of wastewater. The objective of the 

biological treatment of wastewater is to coagulate and remove the non-settleable colloidal 

solids and to stabilize the organic matter. 

The removal of carbonaceous BOD, the coagulation of non-settleable colloidal solids, and 

the stabilization of organic matter are accomplished biologically using a variety of 

microorganisms, principally bacteria. The micro-organisms (especially bacteria) are used to 

convert the colloidal and dissolved carbonaceous organic matter into various gases and into 

cell tissue. Cell can be removed from treated liquid by gravity settling.  

The performance of activated sludge process is affected by many factors: Mean Cell 

Residence Time, Mixed Liquor Volatile Suspended Solids (MLVSS) concentration, 

Hydraulic Detention Time, i.e., aeration time, Food to Microorganism (F/M) ratio and 

Dissolved Oxygen. This process indicates a BOD5 removal of 90% to 97% for tannery 

effluent (Haydar et al, 2007). High concentrations of chromium may pose adverse impact on 

biological activity in the reactor and hence it would be desirable to remove chromium before 

subjecting the wastewater to biological treatment. Most of the chromium is removed in 

primary sedimentation tanks. 

Activated sludge performance: BOD removal 90-98%, Kjeldahl-N removal 80-95%, Total N 

removal 65-90% and Pathogen removal (orders of magnitude) 1-2 (Rousseau et al.). 

 

2.4.2 Advantages and disadvantages  

Advantages: 1) Lesser land area is required and can be used for large installments. 

2) The operating head is also comparatively less. As such little or no pumping 

is      needed. 

        3) Freedom from odor or fly nuisance as the process operate under water. 



4) Greater flexibility of treatment permitting a control over the quality of 

effluent desired. 

5) Higher degree of treatment. The effluent produced is clear, sparking and non-

putrescible. BOD removal is 80% to 95% and bacteria removal is 90% to 95%. 

Disadvantages:  1) Relatively high cost of operation and construction. 

2) Greater skilled attendance is required because of the large mechanical 

equipment involved. 

3) It is more sensitive to change inn quality of influent, any sudden 

increase in the strength or volume may adversely affect the operation of 

the plants producing foaming difficulties. 

4) Difficulty in handling large amount of sludge. Sludge bulking is a 

common trouble which does not allow light. 

2.4.3 Operating problems 

1) Oxygen transfer limitations 

Theoretically 200 mg/l/hr, Practically 20 mg/l/hr  

2) Solubility of oxygen 

10 mg/l at 20
0
C 

3) Excess sludge production 

0.5 kg sludge/kg BOD 

4) Solubility of sludge (biomass)  

2.4.4 Types 

The activated sludge process is very flexible and can be adapted to almost any type of 

biological waste treatment problem. Several of the conventional activated sludge processes 

are described in Table 2.5.  



Table 2.5: Classification of activated sludge process (Metcalf & Eddy, 1995) 

Process or Process 

Modification 

Description Application 

Conventional 

Plug-flow 

Settled wastewater and recycled activated 

sludge enter the head end of the aeration 

tank and are mixed by diffused-air or 

mechanical aeration. Air application is 

generally uniform throughout tank length. 

During the aeration period, adsorption, 

flocculation, and oxidation of organic 

matter occur. Activated-sludge solids are 

separated in a secondary settling tank. 

Use for low-strength 

domestic wastes. Process is 

susceptible to shock loads.

Complete-mix Process is an application of the flow 

regime of a continuous-flow stirred-tank 

reactor. Settled wastewater and recycled 

activated sludge are introduced typically 

at several points in the aeration tank. The 

organic load on the aeration tank and the 

oxygen demand are uniform throughout 

the tank length. 

Use for general 

application. Process is 

resistant to shock loads, 

but is susceptible to 

filamentous growths.   

Tapered Aeration Tapered aeration is a modification of the 

conventional plug-flow process. Varying 

aeration rates are applied over the tank 

length depending on the oxygen demand. 

Greater amounts of air are supplied to the 

head end of the aeration tank, and the 

amounts diminish as the mixed liquor 

approaches the effluent end. Tapered 

aeration is usually achieved by using 

different spacing of the air diffusers over 

the tank length. 

 

Step-feed Aeration Step feed Is a modification of the 

conventional plug-flow process in which 

the settled wastewater is introduced at 

Use for general 

application for a wide 

range of wastes. 



several points in the aeration tank to 

equalize the F/M ratio, thus lowering peak 

oxygen demand. Generally three or more 

parallel channels are used. Flexibility of 

operation is one of the important features 

of this process. 

Modified Aeration Modified aeration is similar to the 

conventional plug-flow process except 

that shorter aeration times and higher F/M 

ratios are used. BOD removal efficiency is 

lower than other activated-sludge 

processes. 

Use for intermediate 

degree of treatment 

where cell tissue in the 

effluent is not 

objectionable. 

Contact 

Stabilization 

Contact stabilization uses two separate 

tanks or compartments for the treatment 

of the wastewater and stabilization of the 

activated sludge. The stabilized activated 

sludge is mixed with the influent (either 

raw or settled) wastewater in a contact 

tank. The mixed liquor is settled in a 

secondary settling tank and return sludge 

is aerated separately in a reaeration basin 

to stabilize the organic matter. Aeration 

volume requirements are typically 50 

percent less than conventional plug flow.  

Use for expansion of 

existing systems and 

package plants. 

Extended Aeration Extended aeration process is similar to the 

conventional plug-flow process except 

that it operates in the endogenous 

respiration phase of the growth curve, 

which requires a low organic loading and 

long aeration time.  

 

Use for small 

communities, package 

plants, and where 

nitrified element is 

required. Process is 

flexible. 

 

 

High-rate Aeration High-rate aeration is a process 

modification in which high MLSS 

Use for general 

applications with 



concentrations are combined with high 

volumetric loadings. This combination 

allows high F/M ratios and low mean cell-

residence time with relatively short 

hydraulic dentation times. Adequate 

mixing is very important. 

 

turbine aerators to 

transfer oxygen and 

control floc size. 

Oxidation ditch The oxidation ditch consists of a ring- or 

oval-shaped channel and is equipped with 

mechanical aeration devices. Screened 

wastewater enters the ditch, is aerated, 

and circulates at about 0-8 to 1.2 ft/s (0.25 

to 0.35 m/s). Oxidation ditches typically 

operate in an extended aeration mode with 

long detention and solids retention times. 

Secondary sedimentation tanks are used 

for most applications.    

Use for small 

communities, or where 

large area of land is 

available. Process is 

flexible. 

Sequencing Batch 

Reactor 

The Sequencing Batch Reactor is a fill-

and-draw type reactor system involving a 

single complete-mix reactor in which all 

steps of the activated-sludge process 

occur. Mixed liquor remains in the reactor 

during all cycles. Thereby eliminating the 

need for separate secondary sedimentation 

tanks.     

Use for small 

communities where 

land area is limited. 

Process is flexible and 

can remove nitrogen 

and phosphorus. 

Deep Shaft Reactor The Deep vertical Shaft Reactor is a form 

of the activated-sludge process. A vertical 

shaft about 400 to 500 ft (120 to 150 m) 

deep replaces the primary clarifies and 

aeration basin. The shaft is lined with a 

steel shell and fitted with a concentric 

pipe to form an annular reactor. Mixed 

liquor and air are forced down the center 

of the shaft and allowed to rise upward 

Use for general 

application with high-

strength wastes. 

Process is resistant to 

slug loads. 



through the annulus.       

 

2.4.5 Kinetics  

Kinetic coefficients of interest for the design of activated sludge process are:  

k = Maximum rate of substrate utilization per unit mass of microorganisms, time–1 

kd = Endogenous decay coefficient, time-1 

Ks= Half velocity constant, substrate concentration at one-half of the maximum growth rate,             

        mass/unit volume 

Y = Cell yield coefficient, mg/mg (defined as the ratio of the mass of cells formed to the 

mass of substrate consumed) 

 

‘k’ value is employed to find out the volume of biological reactors. Greater is the value of k, 

smaller will be the size of reactor. Ks has no direct application in process design. It only 

gives an idea about the change in the specific growth rate of bacteria with a change in the 

concentration of the growth limiting substrate. Y is used to estimate the total amount of 

sludge produced as a result of wastewater treatment. kd is used to find out the net amount of 

sludge to be handled and hence the size and cost of the sludge handling facilities can be 

found out from this information (Haydar et al., 2009). 

The following linearized equation was used to find k and Ks. 

 --------------------------------  (2.1) 

The following linearized equation was used to find Y and kd. 

 --------------------------------  (2.2) 

 



2.5 Biological Treatment Operational Parameters 

Operational parameters are essential for designing of effluent treatment plant as well as 

performance of effluent treatment plant. Moreover, characteristics of wastewater can also be 

known from operational parameters. 

Chemical Oxygen Demand (COD): Chemical oxygen demand is a measure not only of the 

oxygen used by bacteria but also of the oxygen used up by other substances that can be 

oxidized (e.g., iron and manganese). In other words, it gives the value of the total oxygen a 

waste can take from the natural body of water. This process oxidizes almost all organic 

compounds to CO2 and water. The main advantage of the COD test is that it can be 

determined in several hours (within 3h) as compared to 5 days for the BOD test. 

Biochemical Oxygen Demand (BOD): Biochemical (or biological) oxygen demand is that 

quantity of oxygen used by bacteria in consuming the organic matter in a sample of 

wastewater at a temperature of 20°C over a 5-day period. Complete biological oxidation 

takes place in 20 days. This much time usually cannot be taken for tests so the 5-day BOD 

test is used. The 5-day BOD is usually about 66% to 75% of the 20-day BOD value. 

Dissolved Oxygen (DO): The content of molecular oxygen in the aeration tank (mg/l); it is 

one of the most important factors determining the efficiency/performance of biological 

treatment of wastewater.  The microorganisms require dissolved oxygen in the water in order 

to carry out their metabolic processes, and to stabilize the organics (CBOD) in the 

wastewater. There must be sufficient dissolved oxygen not only for the free swimming and 

small colonies of microbes, but also for those microbes that are in the center of larger flock 

particles. 

Most processes hold 2 to 3 mg/l dissolved oxygen concentration. Above 3 mg/l DO 

concentration electrical power is usually wasted. Filamentous microorganisms are usually 

able to out compete more desirable microbes when the DO concentration is below 1 mg/l. 

(Filamentous microorganisms in higher proportions to other microbes can cause poor sludge 

settling problems in the clarifier's.) Additional oxygen, above that required for carbonaceous 

biochemical oxygen demand (CBOD) removal, is required if the treatment process is to 

convert ammonia into nitrates (nitrification). 

 

Temperature: At high temperature, the rate of biological reaction increases. On the other 

hand, low temperature results in a slow rate of metabolism. 



pH: pH affects biological growth. Between pH 6.5 and 9.0, there is normal bacterial 

predomination and growth. Below pH 6.5, the fungi will being to complete with bacteria, 

with full predomination at pH 4.5 and fungi are usually not desirable in activated sludge. 

Above pH 9.0, the retardation of metabolism will occur (Rahman, 1984). 

 

Sludge Volume Index (SVI): Sludge settleability is determined by sludge volume index. 
The volume occupied by 1 gm of activated sludge after settling the aerated mixed liquor in a 

1,000 ml graduated cylinder or Imhoff cone for 30 minutes. It provides a good indication of 

sludge compacting characteristics, very helpful in controlling the activated sludge process, 

especially in determining return sludge pumping requirements to maintain different mixed-

liquor concentrations. A high SVI (>150 ml/gm) indicates bulking. 
 

SVI =                              (ml/gm) 

V = ml/l = volume of settled solids in a 1-litre graduated cylinder after 30 minutes 

MLSS = mg/l = Mixed Liquor Suspended Solids 
 

Mixed Liquor Suspended Solids (MLSS): It is the indication of microbial population. 

Usually it varies from 1500 mg/l to 5000 mg/l for ASP. It is maintained by adjusting waste 

flow. MLSS is responsible for removing the biochemical oxygen demand make-up of a large 

portion of the solids that are retained in the activated sludge process within the water 

treatment process. They are the "active" part of activated sludge process. Mixed liquor 

suspended solids are the solids under aeration. MLSS is measured by filtering a known 

volume of the mixed liquor sample, which is the same way that suspended solids are 

measured in wastewater. Some of the MLSS may be inorganic material. Sometimes this may 

represent a large percentage of the solids present in the wastewater. 

Mixed Liquor Volatile Suspended Solids (MLVSS)   

The portion of the MLSS that is actually eating the incoming food is referred to as the Mixed 

Liquor Volatile Suspended Solids (MLVSS). The volatile solids concentration in a sample of 

mixed liquor will consist mostly of micro-organisms and organic matter. As a result, the 

volatile solids concentration of mixed liquor is approximately equal to the amount of micro-

V x 1000 

MLSS 



organisms in the water and can be used to determine whether there are enough micro-

organisms present to digest the sludge. 

For determination of MLVSS, 50 ml of mixed liquor sample was taken in a porcelain bowl 

and heated to 100
0
C in an oven for 24 hours and placed into desiccator for 30 minutes and 

weighed (W1). After that, bowl was heated to 550
0
C for half an hour and weighed (W2). 

During second time, porcelain bowl was placed into desiccator for 30 minutes before 

weighting. 

MLVSS (mg/l) = W1- W2 

MLSS (mg/l) = MLVSS/0.9 

Food to Microorganism Ratio (F/M Ratio):    The Food/Mass or the Food/Microorganism 

ratio commonly referred to as F/M is based upon the ratio of food fed to the microorganisms 

each day to the mass of microorganisms held under aeration.  It is a simple calculation, using 

the results from the influent BOD test to the aerator and the mixed liquor suspended solids 

test.  Using the COD test may be preferred because the results are available sooner than the 

five day BOD. 

A low ratio means that the microbes are starving and a high ratio will result in a high sludge 

production. Common range for F/M for a conventional activated sludge plant is from 0.15 to 

0.5.  These values refer to calculations based on the 5 day BOD test.  The optimum F/M 

varies from plant to plant and can be determined by trial and error.  Generally, low F/M 

ratios should be carried during the colder months.  

The F/M ratio is calculated as follows:   

 

The mixed liquor volatile suspended solids (MLVSS) may be a more accurate estimate of 

the mass of microorganisms than MLSS.   

Return Activated Sludge (RAS):  

To properly operate the activated sludge process, good settling mixed liquor must be 

achieved and maintained.  The MLSS are settled in a clarifier and then returned to the 

aeration tank as the Return Activated Sludge (RAS).  The RAS makes it possible for the 

 



microorganisms to be in the treatment system longer than the flowing wastewater.  For 

conventional activated sludge operations, the RAS flow is generally about 20 to 40 percent 

of the incoming wastewater flow. 

Hydraulic Retention Time (T):  

 

T = (V/Q) x 24 

where V is aeration tank volume (m
3
) 

where Q is total influent volume (m
3
/day) 

According to above equation, increasing the organic load reduces T. The retention time must 

be sufficiently long to ensure that the amount of micro-organisms removed with the effluent 

is not higher than the amount of reproduced micro-organisms. It is useful to calculate the 

necessary aerator volume.  

 

Mean Cell Residence Time (θC): 

θC = mass of organisms in the reactor/mass of organisms removed from the system each day 

(days) 

 

A high F/M ratio and a low θc produce filamentous growth that have poor settling 

characteristics anda low F/M ratio and a high θc can cause the biological solids to undergo 

excessive endogenous degradation and cell dispersion. 

 

 

2.6 Ammonia Reduction  

Anoxic processes are typically used for the removal of nitrogen from wastewater. Organisms 

in anoxic system use the nitrate as an electron acceptor and release nitrogen in the form of 

nitrogen gas. Anoxic conditions will occur if the rate of oxidation of organic matter by 

bacteria is greater than the supply of dissolved oxygen. Tannery wastewater has high amount 

of organic matter and ammonical nitrogen due to the presence of skin proteins and 

ammonium salts used in bating process. Nitrification and denitrification processes can 

remove both ammonia and nitrogen. 

Nitrification is an autotrophic process (i.e., energy for bacterial growth is derived by the 

oxidation of nitrogen compounds, primarily ammonia).  Optimum pH for nitrification 

between 7 - 8.5 and pH below 6 can lead to inhibition. Nitrification of ammonium nitrogen 



is a two-step process involving two genera of micro-organisms, Nitrosomonas and 

Nitrobacter (Metcalf & Eddy, 1995). In the first step, ammonium is converted to nitrite; in 

the second step, nitrite is converted to nitrate. The conversion process is described as 

follows: 

First step,      NH4
+
 + 1.5O2                                  NO2

-
 + 2H

+
 + H2O 

Second step,      NO2
-
 + 0.5O2                              NO3

-
 

Denitrification is defined as growth of bacteria where nitrate is used instead of oxygen. 

Oxygen inhibits denitrification.  

Organic Compound + NO3
-
 = Biomass + CO2 + N2 

 

2.7 Chromium Reduction 

Chromium is first series transition element from group vi B in the periodic table. In its 

elemental form, it is white, hard, lustrous and brittle metal with a fairly high melting point. 

Chromium appears to be necessary for glucose and lipid metabolism and for utilization of 

amino acids in several systems. It also appears to be important in the prevention of mild 

diabetes and arteriosclerosis in humans. The harmful effects of waterborne chromium in man 

are associated with hexavalent chromium; trivalent chromium, which is regarded as a form 

of chromium essential to man, is considered practically non-toxic. Hexavalent chromium 

results in liver cerosis, nephritis, and death in man; lower doses will cause irritation of the 

gastrointestinal mucosa. Hexavalent chromium has been implicated as the cause of digestive 

tract cancers in man and there is firm evidence that there is an increased risk of lung cancer 

for workers who are exposed to high levels of chromium.  

 

2.8 Color Reduction 

Color in water is of two types - true color and apparent color. True color is the result of 

soluble chemical substances that cannot be separated by filtration. Apparent color is the 

result of suspended and colloid matters that can be isolated by filtration. 

The highest removal percentage was related to the highest dose of coagulant and highest pH 

of softening. Moreover, with increasing of coagulant dose and pH, electrical conductivity 

increased. The lowest dose of the applied coagulant provided the highest pH and removal 

efficiency. The lowest removal percentage was obtained for the highest dose of applied 

coagulant and the lowest pH and removal efficiency (Norulaini, 2005). 

Nitrobacter 



 

 

Figure 2.1: Effect of coagulant dose and pH on color removal (Norulaini, 2005) 

 

2.9 Previous Study 

 

The study on biological treatment of wastewater is still on research level in Bangladesh. For 

effective and appropriate designing of effluent treatment plant, research in different 

dimensions is essential.  

 

The study, conducted by Gisi et al. (2009), was aimed at evaluating the reuse of wastewater 

produced in the retanning process. The treatment process consisted of a biological treatment, 

as a pre-treatment, followed by a physico-chemical process (with a polymer as a coagulant) 

and reverse osmosis with a plane membrane. The biological pre-treatment was able to 

remove approx. 67% of COD, while the membrane system completed the purification 

process with the removal of the refractory organic compounds (chloride and sulphate).  

 

Aluminium sulphate and ferric chloride were used as a coagulant in the study of Song et al. 

(2004). The influence of pH and coagulant dosages on the coagulation process was studied 

and conditions were optimised corresponding to the best removal of organic matters, 

suspended solids as well as chromium. The COD and chromium were removed mainly 

through coagulation: 38–46% removal of suspended solids, 30–37% removal of total COD 

from settled tannery wastewaters and 74–99% removal of chromium at an initial 

concentration of 12 mg/l can be achieved by using the optimum coagulant dosage (800 mg/l) 



in the optimum pH range (around 7.5). Ferric chloride produced better results than 

aluminium sulphate. The initial chromium concentrations and pH values of the wastewater 

had a great effect on chromium removal efficiency. Low chromium concentrations and high 

pH produced a more effective result on chromium removal than high chromium 

concentrations and low pH. Higher dosages did not significantly increase pollutant removal 

and were not economical. Coagulation combined with centrifugation improved the removal 

efficiency of suspended solids (70%). A high degree of clarification is attained as indicated 

by an excess of 85–86% color removal.  

 

In the study of Ram et al. (1999), aerobic biological treatment of physico-chemical treated 

effluent from a chrome-tanning industry was conducted in a bench scale continuous flow 

activated-sludge reactor at various temperatures between 12 and 34°C. BOD removal varied 

from 84 to 92% indicating that pretreated, chrome-tannery effluent could be treated 

effectively with an activated-sludge system. The optimum temperature for BOD removal 

was between 26 and 34°C. 

Design criteria and operational conditions are established for a treatment facility required to 

reduce the BOD5 in tannery wastewater to 20 mg/l or less. A pilot-plant-scale study of 

Kashiwaya et al. (1980), by three kinds of oxygen activated sludge processes, of tannery 

wastewater alone and tannery wastewater combined with municipal wastewater was carried 

out over a period of 15 months in the city of Himeji, Hyogo Prefecture, Japan. The study 

showed that the target BOD5 could be maintained in the effluent by the single-stage process, 

and that when the influent temperature is below 10°C, tannery wastewater alone requires 

aeration tank detention time of more than 25 hours, while combined with municipal 

wastewater it requires 12 hours. When tannery wastewater is treated by the oxygen activated 

sludge process, pH control is not required; however, if tannery wastewater is treated alone, 

or if the proportion of municipal wastewater to tannery wastewater is comparatively low, it 

is necessary to add phosphorus as a nutrient.  

Haydar et al. (2009) study was aimed at developing kinetic coefficients for the treatment of 

tannery wastewater by Activated Sludge Process. A laboratory scale completely mixed 

continuous flow reactor was used for the study. The reactor was operated continuously for 

86 days by varying detention times from 3 to 9 days. Influent for the reactor was settled 

tannery wastewater. BOD of the influent and effluent and MLSS of aeration tank were 

determined at various detention times to generate data for kinetic coefficients. The kinetic 



coefficients k (maximum substrate utilization rate), Ks (substrate concentration at K/2), Y 

(cell yield coefficient) and K (decay coefficient) were found to be 3.125 d
-1

, 488 mg/l, 0.64 

and 0.035 d
-1

, respectively. These coefficients may be utilized for the design of activated 

sludge process facilities for tannery wastewater. Overall BOD removal rate constant ‘K’ was 

found to be 1.46 d
-1

.  

 

Tare et al. (2003) presented a comparative assessment of the cost and quality of treatment of 

tannery wastewater in India by two Common Effluent Treatment Plants (CETPs) constructed 

for two tannery clusters in India. One plant is Upflow Anaerobic Sludge Blanket (UASB) 

process-based, while another plant is Activated Sludge Process (ASP)-based. Investigations 

indicated that the ASP-based plant was superior in all respects. Total annualized costs, 

including capital and operation and maintenance costs, for the UASB and ASP plants were 

Rs. 4.24 million/million liters per day (MLD) and Rs. 3.36 million/MLD, respectively. Land 

requirements for the two CETPs were 1.4 hectares/MLD and 0.95 hectares/MLD, 

respectively. Moreover, the treated UASB effluent had higher Biochemical and Chemical 

Oxygen Demand (BOD/COD) and considerable amounts of other undesirable constituents, 

like chromium (Cr) and sulfide, as compared with the ASP effluent, which had lower 

BOD/COD and negligible concentration of sulfide and Cr. Sludge production from the 

UASB-based plant was also higher at 1.4 t/day/MLD, in comparison to the sludge 

production of 0.8 t/day/MLD for the ASP-based plant. Also, the entire sludge produced in 

the UASB-based plant was Cr-contaminated and, hence, hazardous, while only a small 

fraction of the sludge produced in the ASP-based plant was similarly contaminated. The 

potential advantages of the Anoxic/Anaerobic system for waste treatment were highlighted 

in the study of Frederick, 2002. Anoxic treatment will oxidize organic compounds in the 

waste while reducing the concentration of odorous compounds associated with anaerobic 

treatment. Oxygen will be required only for ammonia oxidation and not for organic 

degradation so energy costs should be less than that of a totally aerobic system. A significant 

portion of the nitrogen contained in the waste will be removed, decreasing land area 

requirements for supernatant application and lessening concerns over nitrogen contamination 

of surface and groundwater. 

 

Rajagopalu et al. (2008) made an attempt to evaluate the treatability of a combined tannery 

and domestic wastewater using lab-scale activated sludge reactor under extended aeration. 

Studies on the efficiency of the activated sludge reactor were carried out by varying the 

hydraulic retention time of 15, 20, 25 and 30 hours at solids retention time of 8, 12 and 16 



days with organic loading rate varying from 1.61 to 3.32 kg COD/m
3
/day. The results 

showed that at the end of 30h 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.   

 

Rao et al. (1987) in their book showed that when the waste substances are biodegradable, 

with or without acclimatization, the biological process is by far the most desirable treatment 

process. The treatability of an industrial waste may be assessed by conducting laboratory 

tests on BOD/COD ratio. If the ratio is greater than 0.6, the wastes are biologically treatable 

without acclimatization for biological treatment; if the ratio ranges from 0.3 to 0.6, the waste 

needs acclimatization for biological treatment; if the ratio is less than 0.3, other methods are 

suggested for the treatment.  The acclimatization involves the gradual exposure of the waste 

in increasing concentration to the seed or initial microbiological population, under a 

controlled condition. Chromium compounds in excess of 10-20 mg/l disrupt the operation of 

trickling filter. Moreover, they showed in their book that sulphides are also toxic to 

microorganisms; however they get oxidized in the sewer before their arrival to the sewage 

treatment plant. Presence of lime also inhibits biological action in the sewage treatment 

plant. However a proper dilution preceded by sedimentation may make the waste amenable 

to the biological treatment.    

Karim et al. (2013) found that most of Cr is adsorbed onto suspended solids in wastewater. 

Groundwater samples from Hazaribagh area indicated that groundwater is not contaminated 

by Cr. Soil leaching tests indicated a very low Cr mobility and thus a low risk of spreading 

with infiltrating rainwater. Cr in subsoil exists as Cr (iii) and was found to be very stable.  



Bata tannery complex 

Among 170 tanneries, there are a few numbers of tanneries which have ETP (Effluent 

Treatment Plant). Bata Tannery Complex is one of them, situated at Dhamrai in Dhaka. A 

brief description of their treatment procedure of tannery wastewater is described below:  

 

Effluent from the tannery complex flows by gravity through the drain and comes at the sump 

pit. If required, the pH should be corrected at this stage by adding caustic solution. The best 

pH range for coagulation and flocculation is 6.5 – 7.5. After passing through run-down 

screen, where the solid particles are removed, the effluent gravitates to the balancing tank 

where it undergoes mixing and storage before being pumped forward at steady rate to the 

reaction chamber from where it enters into the primary settling tank. The main theme of 

balancing tank is to mix the effluent homogeneously. In the reaction chamber coagulant and 

polyelectrolyte are being used to separate the particles from water. In primary settling tank, 

floating fats and sediment are collected to the sludge collection pit by manually. Two pumps 

are used to pump the sludge from sludge pit to sludge drying bed. The clean water from 

primary settling tank is being passed to the biological tank by gravity flow. The range of pH 

for biological tank is 6.5 – 8. The biological treatment system consists of a single stage 

aeration tank followed by a final settlement tank, with settled biological solids being 

returned to biological tank. The MLSS of the biological tank should be 3000 – 3500 ppm or 

30% of sludge volume (SV). In the biological tank, the air is being passed to alive the 

bacteria. In absence of air (Oxygen) the aerobic bacteria will die. So the continuous aeration 

is essential for the biological reactor. N (from Urea) and P (from Phosphoric Acid) are being 

feed the biological tank as nutrients of the bacteria. Excess MLSS must be collected to the 

sludge drying bed through the final settling tank. DO of the biological tank should be 

checked time to time to ensure the aerobic condition. The treated effluent overflows from the 

final settling tank and passes to the final collection pit from where it is discharged to 

environment. Few portion of the outlet is being recycled to the biological unit as spray as 

dilution factors which also suppress the foam, enhancing the dissolved oxygen of biological 

tank. 

pH = 7.9 COD = 96 mg/l TDS = 409 mg/l 

DO = 4.2 mg/l BOD5 = 36 mg/l SS = 41 mg/l 

   

Table 2.6: Effluent parameters of Bata tannery 



CHAPTER 3 

AN OVERVIEW OF TANNERIES IN BANGLADESH 

3.1 Introduction 

This chapter tries to present a scenario of Bangladesh’s tanneries. It includes establishment 

history of tanneries, present status of tanneries, existing practices in handling of tannery 

wastewater and effects of untreated tannery wastewater on environment and health, 

especially effects on Buriganga River. Current issue of relocation of tanneries is also 

highlighted here. There is discussion about leather manufacturing processes including 

various chemicals.  

 

3.2 History of Establishment  

The first tannery in Bangladesh territory was set up at Narayanganj by RP Saha sometime in 

the 1940s. It was later shifted to Hazaribagh area of Dhaka. During the period before 

partition of Bengal (1947), almost all the raw hides and skins available in East Bengal were 

exported to West Bengal, particularly to Calcutta and processed there. Till 1960, tanneries of 

East Pakistan used to process raw hides and skins applying salt and then drying them in the 

sun and the material thus developed was known as shaltu (Banglapedia, 2005). 

During the war of liberation in 1971 the non-Bengali tanners of Bangladesh left the country 

abandoning about 30 tannery units owned by them. After the war, the new government of 

Bangladesh vested the management of these units on a newly formed Tannery Corporation, 

which was expected to convert them into finished leather manufacture units. Unfortunately, 

the corporation did not serve the purpose because of lack of experience and other reasons. In 

1982, the government transferred them to private entrepreneurs. Now there are two 

authorities-one is Bangladesh Tanners Association for tanneries producing wet-blue and 

another is Bangladesh Finished Leathers Tanners Association for tanneries producing 

finished leather. Some reputed tanneries of Bangladesh are Dhaka Leather, Apex Tannery, 

Lexco, Karim Leather, Samata Tannery and Bay Tannery. 



3.3 Present Status of Tanneries  

There are about 170 tannery units in Bangladesh, 150 of them are located at Hazaribagh in 

only 50 acres of land (Banglapedia, 2005). Hazaribagh area is situated on the south-west 

periphery of Dhaka city having mixed industrial and residential areas alongside the 

Buriganga River. The overall look and smell of Hazaribagh area is a fitting example of how 

industrial wastes in some instances can be dangerous and disastrous. On an average, 21,600 

m
3
 of highly polluted wastewater generated daily by tanneries in Hazaribagh area is 

discharged, untreated, into the open channel drains along the roadside passing through the 

area, which then eventually ends up in the Buriganga River. Often, the drains in the area 

overflow causing a highly unhygienic atmosphere. Due to chemicals in water, flocculation 

takes place which results in the settling of sludge in channels. About 30% to 40% of the 

weight of the raw hides is lost in the production of leather and is disposed of as direct solid 

waste (Rahman, 1984). 

 

3.4 Leather Manufacturing Processes  

The production processes in a tannery can be splitted into four main categories: 

a) Pre-tanning (beamhouse) operations, b) Tanning operations, c) Post-tanning operations 

and d) Finishing operations. Figure 3.1 represents leather processing steps and figure 3.2 

shows various machineries used in leather processing. 

 

a) Pre-tanning (beamhouse) operations 

At this stage the hide is prepared for tanning by cleaning and conditioning, and by ensuring 

the correct moisture content. Collagen and elastic fibers, which are the basis of the leather, 

are treated to improve their reactivity towards tanning agents. This stage produces the 

biggest part of the effluent load. 

 

Soaking: The preserved raw hides regain their normal water contents. At this step hides are 

placed in water, from a few hours to one day. Dirt, salt, manure, blood, preservatives 

(sodiumchloride, bactericides), etc. are removed. 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Unhairing: In this step, after soaking, the hides are placed in alkali bath composed of lime, 

sodium sulphide and sodium sulphydrate. The reaction is left to work for half a day. The 

Figure 3.1: Leather manufacturing processes (Buljan, 2011) 



process is traditionally used to loosen wool and hair, or dissolve this into pulp. The 

epidermis is eliminated by a chemical attack of the keratin. Additionally the process opens 

the fiber structure and ‘plumps’ the hide. This process is responsible for the major part of the 

COD load from a tannery. Limed hides (pelts) are fleshed by mechanically removing the 

adipose tissue from the flesh side of the hide. In some cases fleshing is carried out 

immediately after soaking called green fleshing. 

 

Liming: At this step hides are split in the limed condition, allowing the subsequent 

processing to be rapid and economical. The main purpose of this stage is to make the hide 

swell to make the fiber releasing process easier. The hides are soaked in a slurry bath for 

about 24 hours. 

 

Deliming: Limed hides are full of alkali reactive reagents. For proper and efficient tanning 

process the pH should have a neutral value. At this step the hides are first thoroughly washed 

and neutralized with chemicals. For the washing enormous quantity of water is required. At 

this step, in most of the cases, the water valve is left open for set of period without 

accounting of the actual volume of water used. The major chemicals used in this step are 0.5 

to 0.2% acids such as sulfuric, hydrochloric, lactic, formic, boric and mixtures, acidic salts, 

ammonium chloride or sulphate, hydrogen peroxide. In a rotating drum the total operation 

takes place for one hour with the subsequent washing with water.   

   

Bating: To have an effect on the grain of the pelt, and on the general run, and on the stretch 

of subsequent leathers, strong chemicals-enzymes are used. They operate under narrow 

physical-chemical condition. The process is called enzymatic process. The operation finishes 

the elimination of the residues. The bating process time is 30 minutes to 12 hours. The hides 

are rinsed and cooled. The bating material is typically composed of 50% wood flour or either 

carrier, 30% delimimg agent (Ammonium Chloride), 1-5% pancreatic enzyme.  

 

Pickling: The adjustment of the pH of the pelts is the final beamhouse operation. In this step 

the skins are sterilized, ending the bating action, and improving the penetration of the 

subsequent tanning material. A number of organic and inorganic chemicals are used in this 

step. To bring the hides to an acidic condition they are immersed in a brine and acid solution. 

The brine solution is added to prevent the hides from swelling. The process takes about three 

hours. At this stage, unless it is special hide (sheep skin) the hide is ready for tanning.  

 



Degreasing: The process to improve the quality of the final leather is the degreasing of the 

hides. The step is also necessary for sheep skins where the wool needs to be recovered. 

Solvent recovery process is usually used for the degreasing. Organic solvents are used for 

the degreasing.  

 

b) Tanning  

The process to stabilize the collagen structure of the height by blocking the reactive 

functions, using natural or synthetic chemicals is called tanning. Also tanning imparts a 

particular ‘feel’ to the resulting leather. For hide tanning a number chemicals are available, 

but chrome being the most commonly used. During the tanning process at least about 300 kg 

chemicals (lime, salt, etc.) are added per ton of hides.  

 

A number of tanning process are available that can be used alone, or in combination with 

each other. In the tanning process no direct solid are generated but since only a part of 

chemicals is taken up by the hides, acidic effluents containing unused chemicals will be 

generated. Subsequent washing of the hides will generate unfixed chemicals from the hides. 

Treatment of the effluents in this operation will generate sludge, which may create 

secondary form of pollution. 

 

Chrome Tanning: Majority of the tanning process presently uses the chrome tanning. This 

is done by immersion of the hides in a bath containing chromium salts and brine and a 

number of other chemicals. The equipment used is a drum. The process of the rotation of the 

drum takes about 4-24 hours. 

 

Vegetable Tanning: For the production of some special leather and for sole and saddler the 

tanning process used is called vegetable tanning. Substance used for this type of tanning are 

typically 15%-30% of commercial tanning extract (bark or wood of tree, aqueous extract), 

often sulfated, then spray dried and concentrated. Vegetable tanning is also used in 

combination with chrome tanning. 

 

Syntans: Syntans are used in combination with chrome and vegetable tannings, either to re-

tannage or as a special tanning agent for certain special leathers. Sulphonated products 

phenol, cresol and naphthalene are generally used. 

 

c) Post-tanning 



The hide after the tanning operation is called the wet blue leather, which has a blue color due 

to the chrome salts. The wet blue hides are classified according to the thickness, surface 

smoothness, appearance, presence of scars etc. The steps of the operation are as follows: 

 

Sammying: To remove the excess moisture, the tanned leathers are treated by pressurized 

rollers. In this operation the residual tanning solutions are also removed. 

 

Splitting:  To have a constant thickness on the external grain side and variable thickness on 

the internal flesh side, the tanned hide is split with a special machine.  

 

Shaving: The process to adjust the thickness with more precision using a lane after the 

splitting operation is called the shaving. In this operation the tanned hide id leveled, the 

surplus material yielding a waste of small fragments. 

 

Currying: The process is called the ‘post-tanning Wet Work’. Here the main operations are 

retan, dying, and fat liquoring. The operations here taking place one after another in a drum. 

Those operations are needed to stabilize further the collagen network of the tanned leather 

which imparts further tannage with the combinations of chrome, vegetable, glutarldehyde or 

syntan agent. Few solids wastes are produced and the aqueous effluents do not generally 

contribute significantly to the overall load of pollutants from the tannery. 

 

d) Drying and Finishing 

The operation for definitive commercial look to the leather is called the drying tanned 

finishing. The operation includes drying, buffing and finishing. 

 

Drying: The purpose of this step is removing of moisture. The process is carried out by 

vaporization. 

 

Buffing: The operation is carried out by the action of abrasive papers installed on rolls. 

Finishing: The final finishing process includes mechanical treatment of grain and flesh 

followed by an application of surface finish. The surface coatings consist of dyes of 

pigments dispersed in a binder, typically casein or an acrylic or polyurethane polymer. It 

also presents the main waste steams resulting from the different steps in tanning. 

 

 



3.5 Chemicals Used in Tanning Processes:  

 

The tanning industry gives rise to two types of hazard involving chemicals. These are, 

firstly, those concerning particular chemicals used in the various tanning processes, and 

secondly, chemical substances produced as by-products by the chemical reactions occurring 

when a hide undergoes the tanning process. The first type of hazard includes the vast 

majority of chemicals to be found in tanning. It is possible to divide this materials into 

groups based either on the particular degree of hazard they present, or on their chemical 

nature (e.g. acids, alkalis etc.). In the second hazard, type defined above the major by-

product, which presents a chemical hazard to workers, is hydrogen sulphide (Mahmood, 

2008). 

 

 

 

 

 

 

 

 

 

 

             Figure 3.2: Chemical drums used in tannery 

In terms of toxicity and potential to cause a hazard it is a relatively straight forward task to 

divide a typical list of chemicals used in tanning into three groups representing major, 

moderate and minor potential hazards. 

 

 

Table 3.1: Potential hazard group chemicals in tannery wastewater 

 

High Potential Hazard Group 

Acetic acid Hydrogen peroxide Ammonia Slaked lime 

Lime  Oxalic acid Sodium chloride Calcium hydroxide 

Sodium hydroxide Formaldehyde Sulphuric acid Formic acid 

 

 



Sulphides   Hydrosulphides Glutaraldehyde Hydrochloric acid 

  

Moderate Potential Hazard Group 

Aluminium sulphate Amyl acetate Amyl alcohol Benzyl alcohol 

Carbon black Chromium salts Enzymes Isopropyl alcohol 

Perchloroethylene tolune White spirit   

 

 

 

Low Potential Hazard Group 

Alums Oils Acetone Paraffin 

Albomen Pigment dispersions Ammonium chloride Sequestering agents 

Ammonium sulphate Silicones Borax Boric acid 

Sodium acetate casein Sodium bicarbonate Calcium chloride 

Sodium citrate Castor oil China clay Sodium carbonate 

Ethanol Sodium formate Fat liquors Sodium 

metabisulphite 

Fats Sodium nitrite Ferrous acetate Sodium phthalate 

Ferrous sulphate Sodium sulphide Gelatine Sodium thiosulphate 

Glues Tragseanth Lactic acid Titanium salts 

Lanoline Vegetable tanning 

extracts 

Lecithin Waxes & Wetting 

agents 
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Figure 3.3: Leather manufacturing processes - (a) Assembling of raw hides, (b) Fleshing, (c) 

Sammying machine, (d) Splitting machine, (e) Shaving machine,(f) Vaporizing machine, (g) 

Plating machine, (h) Wet-blue hides, (i) Crusted hides and (j) Colored hides. 

3.6 Scenario of Tannery Workers 
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Most of the workers in these tanneries work in primitive conditions. The workers do not wear any 

protective clothing as they walk around the tanneries handling corrosive chemicals. Most of them do 

not wear boots or gloves and handle the machinery with bare hands. No one wears a mask, and there 

are no safety fountains for eye-washing. 

Workers process raw hides with toxic chemicals such as chromium, sulfur and manganese. They 

often handle the leather skins soaked with acids and dyes with their bare hands in poorly ventilated 

tanneries where the only light coming in is through cracks and openings in the walls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4: Scenario of tannery workers - (a) A tannery worker with full dress code, (b) 

Tannery workers working with wet blue hides, (c) Workers working with fleshing              

and (d) Working in toxic chemicals. 
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(c) (d) 



3.7 Solid Waste Management Practices        

The main sources of solid wastes in tanneries originate from trimming and fleshing of raw 

hides and skins as well as splitting and shaving of tanned hides and skin materials. However, 

many of these wastes may be classified as by-products as they may be sold as raw materials 

to other industrial sectors, Name of the solid wastes generated in various steps and their 

present management practices are discussed in Table 3.2. 

Table 3.2: Solid wastes from various stages of tanning process and                                                             

their present management practices in Hazaribagh (Basak, 2012) 

Types of solid 

wastes 
Management Practices 

Dusted Salt Contaminated with blood, hair dirt and bacteria. Partly reused in curing 

and the rest is indiscriminately dumped in undeveloped loads near the 

tanneries. 

Raw trimmings The skins are trimmed in order to give them a smooth shape. The 

trimmings are usually sold to soap and poultry feed production. 

Fleshing This is the flesh material of limed skins. Now-a-days a portion of it is sold 

to soap and poultry feed makers. Most of the portion is dumped hare and 

there.  

Wet trimmings/ 

Wet shaving 

After chrome tanning, skins or split hides are shaved to proper thickness. 

This operation produces solid waste containing chrome. Secondary users 

including poultry feed makers, usually collect these shaving from the 

tanners. 

Dry trimmings/ 

Dry shaving/ 

Buffing dust 

Secondary users including poultry feed makers, collect cuttings and dry 

trimmings and buffing dust of the leather from the tanneries. 

Assorted refuse This is normally sold separately (in bulk) in the retail market. 

 



3.8 Impacts of Tannery Effluents on Environment and Health   

Tannery waste can cause severe damage not only to human beings but also to the 

environment and ecology, if the waste is discharged without any treatment. In Dhaka, at 

Hazaribagh, the tannery industries discharge their total emission to the surrounding 

environment including the river Buriganga, nearby land and in the surrounding air without 

any treatment or taking any preventive measure to abate or reduce the adverse effects.   

3.8.1 Effects on surface water  

The wet land and surface water bodies on the south-west, west and west-north of the tannery 

industrial area at Hazaribagh are already polluted and has been turned into tannery waste 

lagoon, and is unacceptable for any kind of use. The wastewater from the lagoon was 

collected during a survey by the DOE and analyzed in the DOE laboratory. High level of 

pollution load detected in the wastewater samples from the lagoon. The most important 

surface water body outside the embankment is the river Buriganga. The regular monitoring 

results of the DOE proved that the river is highly polluted.  And the chromium concentration 

at the drinking water intake point is also alarming. An investigation was conducted to assess 

the effects of tannery waste on the dissolved oxygen (DO) of the river. The DO was found 

0.5-3.0 mg/l (DOE, 1992), is far below the Bangladesh Quality Standard which is 4.5 to 8.0 

mg/l (ECR, 1997). 

3.8.2 Effects on groundwater 

According to Bangladesh EQS, the standard for chromium in the groundwater is 0.05 mg/l. 

A survey conducted by DOE, found the concentration of chromium in groundwater in and 

around Hazaribagh area between 0.02-0.04 mg/l (DOE, 1993-94). Although the groundwater 

pollution by chromium still has not exceeded the EQS, but it is very close to the limit and the 

situation is very alarming.  

3.8.3 Effects on land 

In the tannery industrial area at Hazaribagh, the soil on both sides of the flood protection 

embankment is highly contaminated with tannery waste. The soil has significantly increased 

concentration of different organic and inorganic pollutants and heavy metals (DOE, 1992). 

Chloride concentration is very high. There is also increased concentrations of Nitrogen, 

NH4-N, NH3-N, phosphorous and sulphur on the surface of soil (DOE, 1992). Even at a 

depth of 1.2 meter accumulation of Nitrogen was found. It was also found that the tannery 



industries are not only discharging. Chromium as heavy metal, which is inherent to the 

tanning process, but significant amount of zinc, copper, manganese and lead as well. The 

concentration of Chromium found in the Hazaribagh soil is 2942 ppm (DOE, 1992). 

Uniform Chromium distribution within the soil profile down to 1.2 meter was found and it 

can be concluded that the tannery waste has severely contaminated of soils with chromium. 

Other heavy metals such as zinc, copper and lead have also been found at high 

concentration. Phenols, hydrocarbons, available N (NH4
+
, NO3), chloride, SO4, TOC (Total 

Organic Carbon) and electric conductivity (EC) have also been found exceeding critical 

limits in soils for agricultural production and general use.  

3.8.4 Effects on sewers 

Raw unsettled tannery wastewaters are known to cause deposition of calcium carbonate 

inside a receiving sewer and choke it. Lime is converted to calcium carbonate by CO2 

produced by decomposition of organic matters present in the wastewater and the hair and 

fleshing help to form a binder with this calcium cabnonate which builds up gradually on the 

inside surface of a sewer and ultimately choke it. Concrete sewers are likely to suffer 

damage when they are made to carry sewage containing a high concentration of H2S due to 

admixture with tannery wastes (Rahman, 1988).  Sulfide and other sulfur compounds are 

also a danger for concrete sewers, because they can be oxidised to sulfate, which solubilises 

the calcium content of cement and concrete and thereby damages the fabric of the sewer. It is 

recommended that tanneries should use plastic sewers or plastic lined sewers (IUE 

recommendations for odor control in tanneries). In order to reduce clogging in the sewer, it 

is recommended that solid waste should be separated from effluent streams, by using a 

screening unit with holes or spaces between bars not larger than 10 mm.  Some mechanical 

screening equipment with finer mesh (2 mm or less) can be used to reduce the quantity of 

hairs and fibers.  

 3.8.5 Effects on air quality 

Biological decomposition of organic materials as well as sulphide emissions from unhairing 

and waste treatment, ammonia emissions from deliming and fleshing are responsible for 

objectionable odor.  



3.8.6 Effects on human health 

Toxic wastes in residential areas are causing devastating harm to the nearly 20,000 people 

who work and live in the tanning district. A large majority of the people living in Hazaribagh 

are suffering from chronic diseases. 

Table 3.3: Leather processing and health hazards 

Stage Chemicals Health Risks 

Soaking NaCl Diarrhoea, Stomach Problems, Nausea 

Unhairing/Liming KOH, Na2SO3/bi Sulphide 
Respiratory Disorders, Bronchitis, Skin 

Diseases, Headache 

Deliming/Bating Na2SO3, NH4Cl, Na2SO4 
Burning Eyes, Nose, Throat High Blood 

Pressure, Bronchitis 

Pickling H2SO4, H-COOH, NaCl Wounds Leading to Cancer 

Chrome Tanning  Wounds Leading to Cancer 

Sammying, 

Splitting 

Dyes, Fixing Agents, 

Condensation of Urea 
Respiratory Complications 

Buffing 

Liquid Pigment, Polymer, 

Fixative, Preservatives and 

Aromatic Ingredients  

Cancer 

 

3.8.7 Effects on vegetation and structure 

Hazaribagh is a densely populated area with many residential holdings. There are homestead 

gardens and residential holdings. There are homestead gardens and residential holdings 

where seasonal vegetables are grown besides permanent plantation. It was gathered from the 

inhabitants of the area that decades ago the quality and quantity of fruits, vegetables etc. 

grown in the homestead gardens were much better compared to the present condition. 

According to the inhabitants, this deterioration has taken place gradually and at present, 

many of the fruit plants do not bear any fruit at all. It is important to ascertain whether the 

vegetables grown here contain any constituents, which are harmful for human health. During 

a visit of Hazaribagh area, the leaves of some of the trees were observed to be yellowish and 

some of the rooftop CI sheets were found to be rusted. Some buildings located close to the 

tanneries were found to have blue stains on them.  



3.9 Evaluation of the Buriganga River Water  

In the present scenario, the river carries only wastewater during the seven months of the dry season 

(November-May). Even during the wet season no aquatic animal can survive in the dead river water. 

Throughout the year, inhabitants near the river and thousands of people who travel through Sadarghat 

suffer a lot because of the foul smelling water of the Buriganga.  

The hydrologists identify tanneries as the biggest polluters. The Buriganga borders Hazaribagh 

cluster, the home to tanning industries. Tanneries are discharging extremely toxic and hazardous 

wastes into the river. Solid wastes including trimmings of finished leather, shaving dusts, hair, 

fleshing, trimming of raw hides and skins are also dumped. The following table 3.4 shows the water 

quality of the Buriganga River in wet and dry season and figure 3.6 shows pollution of the Buriganga 

River in several ways.  

In January 2010, an effort was made to start cleaning the Buriganga’s riverbed. The Buriganga 

Cleansing Project aims to remove 1,000 tonnes of sludge from the Buriganga riverbed each month, 

however the tanning industry continues to feed 25,000 tonnes of untreated wastes and 40,000 tonnes 

of toxic chemicals into the river everyday. 

Table 3.4: Water quality in the Buriganga River from the outfall of tannery effluents (Faruqui, 2002) 

Parameter 

Wet Season 

(April – September) 

Dry Season 

(October – March) Parameter 

Wet Season 

(April – September) 

Dry Season 

(October – March) 

Near Away Near Away Near Away Near Away 

pH 7.2 6.7 7.2 7.7 Chloride 

(mg/l) 

266 71 763 71 

Water 

Temperature 

(
o
C) 

29.5 29.5 24.5 24.5 

Bicarbonate 

(mg/l) 
244 122 854 153 

Electrical 

Conductivity 

(ms/cm) 

1650 730 2460 750 

Sodium 

(mg/l) 
83 19 184 53 

Dissolved 

Oxygen 

(mg/l) 

1.3 3.4 0 6.1 

Calcium 

(mg/l) 
4.2 2.7 5.8 3.5 

Nitrate 

(mg/l) 

163 75 168 82 Zinc (mg/l) 0.05 0.04 0.06 0.05 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: Buriganga river pollution - (a) Pump discharging tannery wastewater into the 

Buriganga river, (b) People swimming in the pitch-like colored Buriganga river, (c) Barrels 

that contained industrial dyes are washed in the Buriganga river, (d) Canal through 

Hazaribagh tanneries carries tannery wastewater and domestic sewage from nearby slums 

and (e) A bulldozer is removing rubbish from Buriganga. 

(a) (b) 

(c) (d) 

(e) 



3.10 Existing Practices in Handling of Tannery Wastewater 

In Bangladesh, many tanners do not have their own treatment facilities neither combined 

treatment facilities. Treatment plants possessed by a few industries, however, do not operate 

regularly. Several tanners have their chromium recovery plant. The existing practice in this 

area is to discharge the effluent without any treatment to the municipal drain and that 

wastewater goes to the nearby river. Some of them, situated by the side of rivers, discharge 

their wastewaters into the rivers through underground/concealed pipes, which are not visible 

from the land or water surface. Among those who have treatment plants they usually have 

the arrangement like physical treatment followed by chemical treatment and then the effluent 

is subjected to the biological treatment. Physical treatment has the process unit such as 

screening and primary sedimentation. pH is usually adjusted by lime addition and 

commercial polyelectrolyte are being used as co-precipitator and color removing agents.  

United Nations Industrial Development Organization (UNIDO) notes that the chrome 

containing sludge and solid waste, especially fleshing wastes, that is generated by the 

tanneries at Hazaribagh is collected by Dhaka City Corporation and is dumped in the 

landfills. This is shifting the pollution problem to the outskirts of the city. Moreover, the 

chrome containing solid wastes of wet-blue trimmings and shavings is often incinerated in 

the tannery boiler oven, resulting in the release of hexavalent chrome containing particles in 

the air. The geologists have found hazardous heavy metals in the underground area of 

tanneries, since sludge, containing heavy metals, are not of disposed properly.  

3.11 Relocation of Tanneries  

In June 2009, the High Court asked the government either to shift all tanneries from 

Hazaribagh to a special industrial zone in Savar or close down those industries by February 

28, 2010 to check widespread environmental pollution. The High Court on February 28, 

2010 extended for six months the deadline. Now the government comes up with a fresh 

deadline. As per the new deadline, the government will finish relocation of the tanneries by 

2012. The Department of Environment has already served third and final notice to tannery 

industry owners of Hazaribagh to complete shifting of their industry to Savar. Bangladesh 

Small and Cottage Industry Corporation is implementing the project for relocation. Land 

development works of that area already has been completed and the process for floating 

tender is going on to set up a central effluent treatment plant in that area (The Daily Star, 

June 2, 2011). 

CHAPTER 4 



METHODOLOGY 

4.1 Introduction 

The work may be broadly classified into 4 categories: (1) collection of wastewater, (2) 

experimental set-ups carried out for research work, (3) carrying out bench scale experiments, 

and (4) measurement of parameters. The composition of tannery effluent was determined in 

the laboratory. A series of cone tests were carried out to determine the effectiveness of 

physico-chemical process and activated sludge. 

4.2 Collection of Wastewater 

Most of the tanneries in Bangladesh are located at Hazaribagh in Dhaka. Tannery 

wastewater samples were collected from a tannery named Samina Tannery Ltd. which is also 

situated at Hazaribagh. The process of transforming hides into finished leather consists of 

several steps which are discussed before. Each step discharges wastewater in a small pit and 

then drains out to the municipal drainage system. 

In Hazaribagh, it is a common practice to discharge wastewater directly in municipal open 

drain after every stage. There is no common reservoir for storing wastewater of all stages 

together. Normally in a whole day, wastewater from liming step is discharged at 6 am; at 10 

am, discharging of chrome tanning wastewater is done and dying wastewater is discharged at 

3 pm. Amount of wastewater in one rotating drum at liming stage is around 1000 liter, at 

chrome tanning stage is around 800 liter and in dying stage, it is around 500 liter. But 

wastewater from chrome tanning stage is stored for recovering of chrome. In this 

circumstance, wastewater sample was collected from pit during liming and dyeing stages. 

From available data, a ratio for liming:dying of 1.0:0.5 or 2:1 could be used for calculation. 

Wastewater sample were collected from the tannery during November, 2011 to January, 

2012. 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 4.1: Sample collection - (a) Wastewater falls in pit and (b) In municipal drain. 

4.3 Preparation of Raw Sample 

Different steps of leather manufacturing process discharge different types of wastewater. 

Wastewater falls in municipal drain adjacent to tanneries, results in mixing of residual 

wastewater of all steps and finally goes to nearby water body. To cope with the real 

situation, collected sample from 2 steps (liming and dyeing) were thoroughly mixed 

according to the above mentioned ratio i.e. 2:1 in the laboratory. Moreover, tannery waste 

may have deficiency of nutrient for proper biological growth; domestic sewage on the other 

hand, contains all elements for balanced bacterial growth. Hence domestic sewage was 

added to the mixed sample at 1:4 ratios. Thus the combined sample of tannery and domestic 

sewage was ready. From the experience of Savar CETP (Central Effluent Treatment Plant), 

1:4 ratio was used for combined wastewater and domestic sewage.  

 

4.4 Test Procedures for Wastewater Characterization  

The characteristics of wastewater and treated effluent followed by cone tests were 

determined in the laboratory. In the present study, BOD5, COD, DO, pH, color, turbidity, 

total solids (TS), total dissolved solids (TDS), total suspended solids (TSS), NH3-N, NO3-N, 

NO2-N, chromium, sulphate, sulphide were determined following the standard methods 

(AWWA, 1998) for raw sample. During cone tests BOD5, COD, pH, color, MLSS, F/M ratio 

were determined to compare the values and evaluation of treated effluent. Table 4.1 presents 

the methods adopted along with the name of the apparatus used in determining the 

concentration of parameters. 

(a) 

(b) 

(a) (b) 



Table 4.1: List of analyzed parameters and analytical procedures 

Parameters Unit Method Apparatus 

BOD5 at 20
0
C mg/l SM 5210  Winkler bottle 

COD mg/l SM 5220C DR 2010 UV Spectrophotometer 

pH  SM 4500 H-B pH Meter 

EC mS/cm SM 5210 EC Meter 

DO mg/l  DO Meter 

Color Pt-Co SM 2120C DR 2010 UV Spectrophotometer 

Turbidity NTU SM 2130 B DR Large Turbidimeter 

NH3-N mg/l SM 4500 B DR 2010 UV Spectrophotometer 

NO3-N mg/l SM 4500 F DR 2010 UV Spectrophotometer 

NO2-N mg/l SM 4500 F DR 2010 UV Spectrophotometer 

Sulphate mg/l SM 4500 DR 2010 UV Spectrophotometer 

Sulphide mg/l Methyl Blue Method DR 2010 UV Spectrophotometer 

TS mg/l SM 2540 B-D Oven 

TDS mg/l SM 2540 B-D Oven 

TSS mg/l SM 2540 D Oven 

 

4.5 Experimental Set-up 

In order to examine the appropriate technology for the management of tannery wastewater, 

activated sludge process has been studied using three trials. Coagulation was conducted 

using Jar Test apparatus. 

The first case comprises extended aeration activated sludge process, whereas the second case 

consists of aeration-anoxic cycle followed by alum coagulation and flocculation. The third 

case contains coagulation and flocculation followed by aeration-anoxic cycle. Settled sludge 



was removed after every sedimentation rather than returning sludge. Coagulation was 

conducted using Jar Test apparatus. 

Flow chart : Case 1 

 

 

 

 

 

 

Flow chart : Case 2 

 

 

 

 

 

 

Flow chart : Case 3 
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Figure 4.2: First, second and third case flow chart 

 

In this study, SBR (Sequencing Batch Reactor) was used. The SBR is a fill-and-draw type of 

reactor, involving a single complete mix reactor in which all steps of Activated Sludge 

Process take place. Mixed liquor remains in the reactor during all cycles, thereby eliminating 

the need for separation of sedimentation tanks. 
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4.5.1 Acclimatization of micro-organism 

a) Textile sludge of 10 liters was kept at rest for 2 hours then sludge was separated from 

supernatant. 

b) Continuous aeration of textile sludge was started. 

c) Addition of 100 ml. of combined wastewater (tannery + domestic) every day. 

d) Adjustment of pH between 6.0 and 7.0. 

e) COD and MLSS were measured from time to time. Continuous aeration was stopped 

where there was an indication of increasing value of MLSS. This occurred after 30 days.  

Acclimatized sludge was added prior to aeration for all the three cases. Both acclimatized 

sludge and combined raw sample were settled for two hours and settled sludge was mixed 

with the supernatant portion of combined raw sample. But for third case, settled sludge was 

mixed with the supernatant portion left after alum coagulation. 

4.5.2 Adjustment of pH 

In this study, pH was kept between 6 and 7. If pH was below than 6, then it was increased by 

using NaOH. But if pH was more than 7, it was adjusted by adding diluted H2SO4. The value 

of pH was measured from time to time during the whole experiment. 

4.5.3 Sedimentation 

In wastewater treatment, sedimentation or removal by gravitational settling is the most 

widely used operation. When the impurities are separated from the suspending fluid by the 

action of natural force alone i.e. by gravitation and natural aggregation of the settling 

particles, the operation is called plain sedimentation. 

This operation is used for grit removal, particulate matter removal, biological floc removal 

and chemical floc removal. In most cases, the primary purpose is to produce a clarified 

effluent. Moreover, most of the chromium is removed in primary sedimentation tanks. 

At the beginning of treatment procedure, the composite raw sample was subjected to primary 

sedimentation for 2 hour. In the first case set-up, final sedimentation was run for 2 hours 

after 72 hour extended aeration. 2
nd

 case set-up permitted sedimentation in the secondary 

clarifier after aeration –anoxic cycle whereas final sedimentation was occurred after alum 

coagulation and flocculation. During the 3
rd

 case, alum coagulation followed secondary 

sedimentation and flocculation just after primary sedimentation and aeration-anoxic cycle 

followed final sedimentation in the secondary clarifier. 



4.5.4 Maintenance of F/M ratio 

For first (extended aeration activated sludge process), acclimatized sludge was mixed with 

combined raw sample in proportion of 200:800, 300:700 and 400:600 to make 1L mixed 

sample. These proportions resulted in maintaining F/M ratios to 0.28, 0.22 and 0.18 

respectively. Experiments were worked out to identify which F/M ratio resulted in best 

removal of COD, BOD5 and color. The F/M ratio, selected as the best performer, was 

continued for the second and third case. This eliminated the need of varying F/M ratio for 

the 2
nd

 and 3
rd

 case. 

4.5.5 Aeration 

This is the process of bringing waters into intimate contact with air with the aim of driving 

out objectionable dissolved gases and oxidizing other soluble compounds. 

In this study, extended aeration for 72 hours was done as first case with regular examining of 

BOD5, COD and color. As a part of second and third case, aeration-anoxic cycle was carried 

out. Cycle duration was 27 hours. After 6 hr aeration, there was a break of 2 hr when no 

aeration was continued to ensure anoxic condition i.e. oxygen limiting condition. To ensure 

the effectiveness of anoxic condition values of DO and NH3-N (filtered) were taken every 30 

minutes. 

4.5.6 Alum coagulation 

For coagulation, the supernatant from primary sedimentation was thoroughly mixed with 

alum by flocculator for 15 minutes at rpm 25 followed by 45-min settlement. This process 

was applicable for 3
rd

 case. But for the 2
nd

 case, the supernatant from secondary clarifier was 

thoroughly mixed with alum followed by the same procedure. The used alum dose was 50 

mg/l for 2
nd

 case and required alum dose was 100 mg/l for 3
rd

 case. 3
rd

 case required more 

alum because of using alum at the very initial stage of treatment process. For determining 

the optimum alum dose, 100 ml sample was taken and alum quantity was increased 

gradually. COD value was measured each time.  



CHAPTER 5 

RESULTS AND DISCUSSION 

5.1 Introduction 

Activated sludge process is a biological process that produces clear and non-putrescible 

effluent. Leather industry is one of the leading export oriented sectors in our country. But 

improper and unhealthy management of waste of this industry has now become an issue of 

significant concern. Tannery industries with their harmful constituents impose a great effect 

on our environment. Studies were carried out in a laboratory scale reactor with an aim of 

determining optimum detention time and suitable sequence of treatment process for tannery 

wastewater and subsequently ensure their safe disposal so that it can be an eco-friendly 

option for leather industries. This chapter presents a detail analysis of experimental results.   

5.2 Composition of Raw Sample 

A detailed quantitative chemical analysis was carried out for raw sample. All the values of 

effluent parameters are within the range, obtained by Saha (2001). Table 5.1 shows the 

values of water quality parameters of combined raw sample whereas Table A-1 and A-2 in 

Appendix-A show standards for wastewater from industrial units or projects in Bangladesh 

according to ECR, 1997 and maximum permissible limits for industrial effluent discharges 

in India, Thailand and Taiwan, respectively. 

Table 5.1: Characteristics of combined raw sample  

Parameter 
Raw 

sample 

Standard  

value by ECR 

(Inland surface 

water)        

Parameter 
Raw 

sample 

Standard 

value by ECR 

(Inland surface 

water)        

pH 8.9 6 - 9 TDS 6436 mg/l 2100 mg/l 

EC 7.68 ms/cm 1200 TSS 688 mg/l 150 mg/l 

Color 
897          

Pt-Co unit 

150 Pt-Co unit  
COD 

2212 mg/l 200 mg/l 

Turbidity 70 NTU  BOD5 1285 mg/l 50 mg/l 

Chromium 49.325 mg/l .50 mg/l NH3-N 140 mg/l 5 mg/l 

Parameter 
Raw 

sample 
Standard  

value by ECR 
Parameter 

Raw 

sample 
Standard 

value by ECR 



(Inland surface 

water)        

(Inland surface 

water)        

Sulphate 4102 mg/l  NO3-N 462.8 mg/l 10 mg/l 

Sulphide 960 mg/l 1 mg/l NO2-N 0.235 mg/l  

 

pH  

The term pH is used to express the acidic or alkaline condition of a solution. It is a measure 

of hydrogen ion concentration. In biological treatment process, pH must be controlled within 

a range favorable to the particular organisms. Desirable pH range for proper growth of 

micro-organisms involved in bio-degradation of waste is 5.5 to 9.0. pH controls the nature 

and magnitude of surface charge of colloidal particles and degree of ionization of organic 

matter containing amino group. Hence it plays an important role in aggregation and 

sedimentation of suspended and colloidal particles. The waste has pH value equal to 8.9, 

unsuitable for discharging into environment. High pH, produced by the lime, present in the 

tannery effluent interferes with biological treatment processes. So, this high pH must be 

controlled by reducing the value with diluted sulphuric acid. 

Color 

High color causes physical pollution to the receiving body of waters. Tannery effluent is 

highly colored due to the presence of various impurities in the colloidal and suspended 

forms. Color caused by colloidal form of impurities is called true color and that caused by 

suspended matter is called apparent color. Color is also caused by vegetable matters and 

colored pigments used by tanneries. Color is determined using filtration and dilution of 

samples. The color of the raw sample seems to be dark brown and the value is 897 platinum-

cobult units.  

Turbidity 

Turbidity may be caused by a wide variety of suspended materials, which ranges in size 

from colloidal to coarse dispersions, depending upon the degree of turbulence. Turbidity is 

determined using diluted tannery effluent. Turbidity of the raw sample is 70 NTU and this 

high turbidity is due to the presence of high dissolved and suspended solids in the waste. 

Conductivity 



Conductivity is an indirect measure of dissolved solids including chloride. It is found that 

EC of raw sample is 7.68 ms/cm. This high value is due to the presence of NaCl used for the 

preservation of raw skin which is mixed with effluent during the process of washing and 

soaking. 

Ammonia 

The spent bat liquor contains higher amount of ammonia nitrogen due to the presence of 

soluble skin proteins and ammonia salts in bating. Ammonia exerts toxic effect on aquatic 

life and micro-organisms responsible for the stabilization of waste. Ammonia is found 140 

mg/l in raw sample. 

Chromium 

Chromium salts are used as oxidizing agent in chrome tanning process. Using diluted raw 

sample, chromium is found 49.325 mg/l. Chromium has no effect on biological treatment 

process upto a concentration of 50 mg/l (Rahman, 1984). The concentration of chromium is 

not very high in the experiment which may be due to the fact that most of the trivalent 

chromium salts used in tanning are precipitated when the effluent is mixed with spent lime 

liquors. 

Solids content 

High solids content pollute the receiving body of waters. A secondary pollution of the stream 

occurs due to the deposition of the solids near the discharge point. Solids may be classified 

as total solids, dissolved solids and suspended solids. Total solids refer to the matter that 

remains as residue upon evaporation and drying at 103 to 105
0
C. The waste having dissolved 

solids contain those particles size less than or equal to 0.001 µm. The difference between 

total solids and dissolved solids gives the amount of suspended solids present within a waste. 

The concentrations of TS, TDS and TSS are 7124 mg/l, 6436 mg/l and 688 mg/l 

respectively. The higher values of solids content are due to the presence of large amount of 

organic, inorganic substances and colloidal suspension in the tannery effluent. 



BOD and COD  

BOD is the amount of oxygen required by living microscopic organism in wastewater to 

oxidize organic matter present as food for them. BOD test is widely used to determine the 

pollution strength of sewage and industrial waste in terms of oxygen that the micro-

organisms will require if discharged into natural water course in which aerobic condition 

exists. The test also indicates the rate at which the oxygen depletion of the receiving water 

would take place. COD is the chemical oxygen demand that indicates the total quantity of 

readily oxidizable materials present in wastewater. BOD5 and COD of raw sample were 

found 1285 mg/l and 2212 mg/l respectively. Ratio of BOD5/COD is 0.58. 

 

5.3 Effects of Primary Sedimentation 

Primary sedimentation (2 hr) resulted in 35% reduction of color, 28% reduction of COD and 

36% reduction of BOD5 were occurred. Detention time for primary sedimentation was 

selected 2 hours. Removal percentage of Cr was 69 and residual value of chromium was 

15.29 mg/l.  

                                                                                                                                                                                 

5.4 Effects of Treatment Steps for Case-1 

Case-1 was run with physical and biological treatment procedure. No chemical procedure 

was applied here. And this set up was chosen as case-1 because of simplicity of treatment 

procedure and reduction of cost for not using chemicals. At first it was not possible to 

predict correctly which F/M ratio would be suitable for conducting treatment operation. For 

this, variation of F/M ratio was done in Case-1. 

5.4.1 Effects of extended aeration for Case-1  

The air was supplied through diffuser stones. The rising velocity of air bubbles creates 

sufficient agitation in the waste. This agitation makes the contact between food and micro-

organism, resulting in a higher rate of bacterial growth which has great importance in the 

biological treatment of tannery effluent. As a first option of biological treatment process, 

extended aeration was carried out for 3 days i.e. 72 hours. Extended aeration reduced less 

removal % of color than removal % by primary sedimentation but increased removal % for 

COD and BOD5. As like final sedimentation, F/M 0.22 contributed to the highest removal % 

of parameters than that of F/M 0.28 and 0.18 and these values were 28%, 62% and 75% for 



color, COD and BOD5 respectively. In these circumstances, a conclusion could be drawn 

that F/M 0.22 might be selected for further study. As residual values of parameters did not 

meet the effluent standard, another treatment option – physico-chemical treatment was 

introduced at F/M 0.22. Here chemical treatment option was chosen specially for color 

removal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                        

 

Figure 5.2: Residual COD with time at different F/M ratios in                                      

extended aeration activated sludge process 

Figure 5.1: Residual color with time at different F/M ratios in                                              

extended aeration activated sludge process 

 

 



 

 

 

 

 

 

 

Figure 5.3: Residual BOD5 with time at different F/M ratios in                                      

extended aeration activated sludge process 

Graph trends in Figure 5.2 shows residual color values were increasing with time for every 

F/M ratio while extended aeration process was continuing. Figure 5.3 and 5.4 shows residual 

COD and BOD5 values were decreasing with time during extended aeration process. For 

three parameters, F/M ratio of 0.22 gave the least residual values of parameters.     

The treatment efficiency of the reactor in terms of BOD5 and COD removals was studied for 

F/M ratios of 0.28, 0.22 and 0.18 at θ of 12, 24, 30, 48, 60 and 72 hours. It was noted that the 

process efficiency improved with decrease in F/M ratios i.e. with increase in MLSS 

concentration and θ. The removal efficiencies at different F/M ratios and θ are given in 

Table A-4 in Appendix-A.  

  

Thus the results indicate that for optimal operation, ASP should be operated at F/M ratio of 

0.22 and θ value of 72 hours. As already discussed, wastewater characteristics vary from 

tannery to tannery, therefore, the optimal values obtained for F/M ratio and θ during present 

study may hold good only for the tannery industry selected in this study. It is thus proposed 

to carry out bench scale studies for obtaining optimal values of the said parameters for a 

specific tannery before designing a biological treatment system.  

  

The data in Table A-4 in Appendix-A are graphically presented in Figures 5.3 and 5.4, 

which reveal that a maximum removal efficiency of 82% and 75% was achieved at F/M ratio 

of 0.22 and θ of 72 hours for COD and BOD5, respectively. Furthermore, residual values of 

 



BOD5 and COD at this F/M ratio and θ are 232 mg/l and 553 mg/l, respectively. It shows 

that BOD5 does not meet National Environmental Quality Standards (NEQS) limits, which is 

50 mg/l whereas COD does not qualify NEQS, which is 200 mg/l. Hence other two cases 

were taken as trial basis with chemical options were considered for reduction of BOD5 and 

COD. 

 

5.4.2 Effects of sedimentation for Case-1   

After primary sedimentation, acclimatized sludge was mixed with supernatant from primary 

sedimentation using three different ratios (acclimatized sludge : supernatant from primary 

sedimentation) which contributed to three different food to microorganism values – 0.28, 

0.22 and 0.18. Removal of color, COD and BOD5 were measured individually for each F/M 

ratio before final disposal of effluent. Comparative statement of summary table for case-1 

(Table A-3 in Appendix-A) indicates that removal % was the highest for every parameter in 

case of F/M ratio 0.22 and after final sedimentation, 6% color removal, 30.18% COD 

removal and 27% BOD5 removal were achieved with F/M ratio 0.22 whereas primary 

sedimentation contributed in 35% color removal, 28% COD removal and 36% BOD5 

removal. But final removal percentages do not meet treatment demand, which will need 

another treatment process. 

An extended aeration operation was run continuing for 3 days (72 hours) which was 

followed by final sedimentation of 2 hr. Removal % of color, COD and BOD5 were also 

measured after final sedimentation taking filtered supernatant sample for every F/M ratio. It 

was also found that removal % was the highest for F/M ratio of 0.22. 

Table A-3 in Appendix-A gives comparative statement of removal performance of three 

individual F/M ratios with primary and final sedimentation effects. Primary sedimentation 

removed a major portion of pollution which gave steeper slope of reduction line of 

parameters and slope values were also high at the time of final sedimentation. But extended 

aeration gave comparative less reduction. These phenomena are presented in Figure 5.6. 

Table A-3 in Appendix-A also presents a good indication about F/M ratio of 0.22 due to the 

highest removal percentage for color, COD and BOD5. 

 

 

 



 

 

 

 

 

 

                                                                                                                                             

Figure 5.4: Residual Color, COD & BOD5 with time at 0.22 F/M                                            

ratio in Case-1 with extended aeration 

 

5.4.3 Yield (Y) for Case-1 

 

 

 

 

 

 

 

Figure 5.5: Evaluation of yield coefficient for Case-1 

From Figure 5.7, yield coefficient, Y = 0.57 that means though growth of microorganism was 

occurred here, decay rate of micro-organism was higher. 

 

 



5.5 Effects of Treatment Steps for Case-2 

Case-2 was operated with F/M 0.25. Due to extended aeration in Case-1, color value was 

increasing and for avoiding this problem, alum coagulation was introduced here. Moreover, 

aeration-anoxic cycle was operated here. It is necessary to remove ammonia at first because 

it hinders oxidization and aeration-anoxic cycle contributed in ammonia reduction. After 

aeration-anoxic cycle, color value was still high and alum coagulation was utilized to reduce 

color. 

5.5.1 Effects of aeration-anoxic cycle for Case-2 

Initially Case-2 gave less removal of wastewater parameters than that of Case-3 but finally 

Case-2 gave better result. DO was measured during anoxic period and DO was pointed to 0.2 

mg/l at last and 97% removal from initial value (7 mg/l) was achieved. Here aeration-anoxic 

cycle was continued after primary sedimentation, contributed to 18% color removal, 50% 

COD removal and 59% BOD5 removal.   

 

 

 

 

 

 

 

 

Figure 5.6: Variation of DO with time in anoxic condition at 0.22 F/M ratio 

5.5.2 Effects of post alum coagulation for Case-2  

After sedimentation in secondary clarifier, color reduction value was 68% and residual color 

value was 283 Pt-Co unit. But this value is very high. Alum coagulation was used to reduce 

the residual color value. Used alum dose was 50 mg/l. Finally alum coagulation and 

flocculation lessened the value of color to 162 Pt-Co unit. 81% color removal was achieved 

in total whereas about 14% was only for alum coagulation and flocculation. Moreover, apart 

from secondary clarification, only alum coagulation and flocculation results in 2% removal 

of COD and 8.56% removal of BOD5 and final residual value of COD was 225 mg/l and for 

 



BOD5 was 59 mg/l, very near to ECR standard limit – 200 mg/l for COD and 50 mg/l for 

BOD5. An observation can also be drawn from the above results – alum coagulation mainly 

reduces color; for COD and BOD5, removal rate was small. Sludge volume was small due to 

using alum after other treatment operations and just before final disposal. This will decrease 

the sludge handling cost. 

 

 

 

 

 

 

 

                                                                                                                                                                                                       

Figure 5.7: Residual Color, COD & BOD5 vs. time at 0.22 F/M ratio                                      

in case-2 with post alum coagulation 

Figure 5.9 and Table A-5 in Appendix-A represents Case-2. Here effluent parameter value 

reaches close to national effluent quality standard. BOD5 removal % was the highest. Slope 

value was high during primary sedimentation but aeration-anoxic cycle gave less slope. 

5.5.3 Yield (Y) for Case-2 

 

 

 

 

 

                                                                                                                                                     

Figure 5.8: Evaluation of yield coefficient for Case-2 

From Figure 5.10, yield coefficient, Y = 0.60 that means growth of microorganism was 

higher here; decay rate of micro-organism was lower. 

 

 



5.6 Ammonia Reduction in Case-1 and Case-2   

 

 

 

 

 

 

 

                                                                                                                              

Figure 5.9: Ammonia reduction in Case-1 and Case-2 

Presence of ammonia creates problems in oxidization of organic matter. Ammonia reduced 

gradually in Case-1 and falls to 41 mg/l from 140 mg/l with removal percentage of 70. But 

in Case-2, during anoxic period ammonia reduced drastically and reached to 13 mg/l from 

140 mg/l with 90% removal. Anoxic period that means oxygen limiting period converts 

ammonia to nitrogen gas through denitrification there was increase in pH, which confirms 

the progress of denitrification reactions. Hence Case-1 performance in removing ammonia 

was poor for not existence of anoxic unit. 

 

5.7 Biodegradability and Rate of Biodegradation 

The concept biodegradability, expresses the capability of an object to undergo 

biodegradation (manifested by the decrease in the COD). The COD has got biodegradable 

and non-biodegradable components as follows: 

COD = CODIn + CODsI + CODsB; with CODsB = S ----------------------------------------(5.2) 

The subscripts In, sI and sB denote respectively the insoluble, soluble inert and soluble 

biodegradable constituents of COD. The subscript S symbolizes substrate concentration in 

well-known Monod equation. In a biodegradable process, the insoluble and inert constituents 

of the COD remain unaffected and the oxygen demand is related to the biodegradable 

constituent, CODsB only. Thus,  

 



∆COD = ∆CODsB = ∆S with ∆COD = COD0 – COD and ∆S = S0-S ------------------------(5.3) 

Where the subscript 0 stands for the parameter at the time t = 0. 

The biodegradability, α0, of an effluent could be defined as follows: 

α0 = CODsB,0 / COD0 = (COD0 – COD∞) / COD0 -----------------------------------------------(5.4) 

Where the subscript ∞ stands for the parameter at the time t→∞. In a biodegradation 

process, CODsB is assumed zero at the time t→∞. Conventionally a BOD/COD ratio is taken 

as a measure for the biodegradability of an effluent. The BOD of an effluent is defined as the 

oxygen demand, OD (amount of oxygen consumed by 1L of solution), in a biodegradation 

process in a given time t. The BOD value increases with the biodegradation time, and 

conventionally, the criterion for the effluent quality is accepted to be BOD5 (with 

biodegradation time t = 5 days) and the biodegradability is defined as   

αs = BODu / COD0 = ODt→∞ / COD0 --------------------------------------------------------------(5.5) 

Where BODu is known as ultimate BOD is the oxygen demand for t→∞. 

From the way of definition of biodegradability, it becomes evident that α0 is a seed-

dependent parameter. But if the oxygen demand is measured for the biodegradation with 

naturally grown or adapted micro-organism, the biodegradability, αs, defined by Eq. (5.5) is 

quite sound for practical purposes. The biodegradability, α0, defined by Eq. (5.4) is of 

theoretical interest and could also be used for practical purposes. 

In a biodegradable process, the biodegradable portion of the substrate COD is partly 

oxidized (measured as OD) and partly included as microbial cell-COD growth (measured as 

COD equivalent of ∆X). Thus 

∆COD = ∆CODsB = ∆OD + ∆CODcell -----------------------------------------------------------(5.6) 

For the simplicity of the analysis, the effect of decay rate kd of microorganism is ignored and 

the following linear relations are assumed (Rozich, et. al., 1992):  

∆CODcell = Ox∆X  and ∆X = Y∆COD -------------------------------------------------------(5.7, 5.8) 

Where Y is the yield coefficient; mass of cells produced per unit mass of substrate utilized 

(mg X/mg COD), and Ox is the oxidative potential of the biomass. Combining Eq. (5.6-5.8), 

it can be obtained 



 ∆COD = ᵞ∆OD with   ᵞ = 1 / (1 - YOx) ----------------------------------------------------------

(5.9) 

The ∆COD vs. ∆X (Eq. 5.8) and ∆COD vs. ∆OD (Eq. 5.9) data could be fitted to straight 

lines to give parameters, Y and Ox. Thus Y can be determined from individual batch kinetic 

tests for ∆X vs. ∆COD data using a laboratory fermentator. A rough estimation of Y 

assuming an average value of Ox in the range of 1.42-1.48, however, seems satisfactory for 

the analysis of biodegradation using two measured values of COD at a given time interval 

and the corresponding oxygen demand (Chili, 2008). Then for calculation of the parameter 

Y, the Eq. 5.9 is rewritten as follows:  

Y = (1 – ∆OD / ∆COD) / Ox with Ox = 1.42 – 1.48 --------------------------------------------(5.10) 

For the present analysis, COD was measured initially and after an experimental period of 72 

hr and 25 hr, Y was calculated by the following equation: 

Y = (1 –                                        ) / Ox with Ox = 1.45 ---------------------------------------(5.11) 

Where OD72 is the cumulative oxygen demand for time t = 72 h. The oxygen demand profile 

is presented in Figure 5.10. Similar data available in the literature (Lee, 1954; Kessick, 1974 

and Minn, 2004) have also been presented in the figure for comparison.  

 

 

 

 

 

 

 

Figure 5.10: Oxygen demand (OD) profile for GGA solution                                                                                                   

Case-1 and Case-2 follow the trend of Lee, Kessick and Minns’ COD reduction curve of 

GGA solution (mixture of glucose and glutamic acid) which COD was 744 mg/l. Pattern of 

curves are irregular. From this irregular nature, it can be said that the biodegradation rate is 

seed-specific and various operational processes. COD reduction in Case-2 is much higher 

OD72 

COD0 – CODt=72 

 



than Case-1. Because Case-2 contained anoxic period which contributed in more NH4 

reduction and due to this incidence, bacteria mainly oxidized organic matter after anoxic 

period which leads to higher COD reduction. 

 

5.8 Effects of Treatment Steps for Case-3 

From the findings of Case-1, it was clear that extended aeration increased color and at final 

stage of Case-1, there was only 33% removal of color for F/M 0.22. This high value of color 

was not aesthetic for safe disposal purpose. Alum coagulation was operated at initial stage of 

Case-3 mainly for rapid reduction of color. Moreover, Case-3 was operated to compare 

results with Case-2 where alum coagulation was performed at finishing stage.  

5.8.1 Effects of aeration-anoxic cycle for case-3 

Here aeration-anoxic cycle was continued after alum coagulation and flocculation. First 6 hr 

aeration contributed less removal % of parameters, removal rate during 2 hr anoxic period 

was the lowest. But 17 hr aeration contributed to the highest removal rate. After the period 

of aeration-anoxic cycle, removal % of color, COD and BOD5 were 63%, 68% and 75% 

respectively. 

5.8.2 Effects of pre alum coagulation for Case-3 

Alum coagulation was done in this case with the supernatant left from primary 

sedimentation. Used alum quantity was 100 mg/l and it was more than Case-2 because of 

using alum at very initial stage and organic loading was high. Only for alum coagulation, 

removal % of color, COD and BOD5 were 19%, 4% and 6% respectively. Sludge volume 

was high (40 mg/l). Supernatant from alum coagulation and flocculation was mixed with 

acclimatized sludge and settled sludge was separated. 

In the second and third case, aeration-anoxic cycle was continued for 27 hours that means a 

major part of total detention time. Results are shown in graph. From graph, it is illustrated 

that during anoxic period, COD, BOD5 and color value reduction followed flat slope 

whereas NH3-N and DO followed steeper slope. At second time, aeration continued for 17 

hours and this second time gave better result due to anoxic operation at mid-time. Finally, 

secondary clarifier removed 75% color, 78% COD and 89% BOD5.  

 



 

 

 

 

 

 

 

 

 

 

 

Figure 5.11: Residual Color, COD & BOD5 vs. time at 0.22 F/M ratio                                              

in case-3 with pre alum coagulation 

Table A-6 in Appendix-A gave the highest removal percentage for BOD5 and from Figure 

5.11, it was illustrated that color reduction slope was very high during alum coagulation 

stage in case-3. But BOD5, COD reduction slope were negligible here.  

  5.9 Summary of the Findings 

The present study was taken with an objective to treat the tannery wastewater using ASP. 

Three types of trails were examined – (a) extended aeration, (b) aeration-anoxic cycle with 

post alum coagulation and (c) aeration-anoxic cycle with pre alum coagulation. Effects of 

each process on wastewater parameters such as color, COD and BOD5 were investigated. 

Effluent characteristics like pH, EC, COD, BOD5, turbidity, color, TS, TSS, TDS, Cr, 

sulphate, sulphide, NH3-N, NO3-N and NO2-N were determined at first. The values of 

quality parameters indicated that both physic-chemical and biological treatment procedures 

may be needed. Primary sedimentation was taken as the first physical step of treatment and 

due to 2 hour settlement, 35% reduction of color, 28% reduction of COD and 36% reduction 

of BOD5 were occurred. Moreover, most of the chromium was removed in primary 

sedimentation.  

 



As tannery wastewater is highly toxic and toxic impurities hinder the microbial activities, 

raw sample collected from tannery had to be acclimatized. After primary sedimentation, 

supernatant was separated and acclimatized sludge was added to supernatant at various 

proportions such as 200:800, 300:700 and 400:600. The reactor took 30 days to develop 

sufficient MLSS concentration and F/M ratio came to 0.28 for first proportion, 0.22 for 

second proportion and 0.18 for third proportion. Bacterial growth could be understood by 

taking sludge volume (SV) after every 3 days and the increasing sludge volume indicated the 

sign of proper acclimatization. Another important parameter for acclimatization was DO 

(Dissolved Oxygen) which was maintained to more than 2 mg/l.  

pH was maintained 6.5 to 7 for smooth running of biological treatment. Due to mixing of 

acclimatized sludge pH value increased which required diluted H2SO4 acid for adjustment. 

After alum coagulation, pH value was decreased which required NaOH to upgrade pH.  

As extended aeration is the simplest way of biological treatment among the available 

biological treatment methods, so extended aeration was run for 72 hours in three imhoff cone 

reactors using the above three proportion. After 72 hour, the first proportion removed 60% 

of COD and 69% of BOD5; the second proportion removed 67% of COD and 75% of BOD5; 

the third proportion removed 65% of COD and 73% of BOD5.  

 

 

 

 

 

 

Figure 5.12: Color, COD & BOD5 removal percentages at different cases 

Comparative analysis of these results point to the second proportion that means 300:700 

(F/M ratio = 0.25) reduced the most. But residual values of COD and BOD5 in case of 

second proportion were 517 mg/l and 195 mg/l respectively; very much higher than the 

limits set by ECR, 1997 (COD = 200mg/l, BOD5 = 50 mg/l). On the other side, color was 

gradually increased and % of increase was 44.44 with residual value of 546 Pt-Co unit for 

2
nd

 proportion, also higher than the USA standard limit (150 Pt-Co unit). This may be 

 



occurred due to some internal reaction in longer detention time. Another problem is that 

longer detention time needs larger tank volume, contributes to increasing cost and the system 

will not be cost effective. Though extended aeration did not give the expected result, gave an 

idea about the optimum F/M ratio. 

Post alum coagulation in the second case was done for several reasons. As primary 

sedimentation and aeration-anoxic cycle that means physical and biological treatment 

procedures were applied before alum coagulation, so alum quantity was comparatively less 

(50 mg/l) and this will effect on cost reduction. If any chemical was not used, it was difficult 

to reduce the high values of wastewater parameters. Moreover, due to alum coagulation, 

sludge volume after flocculation was small and handling of this small volume of sludge will 

not be so tough. Finally this physical-biological-chemical treatment operation results in 85% 

color removal, 89% COD removal and 96% BOD5 removal.  

In Case-3, alum coagulation was run just after primary sedimentation. Here color value 

reduction was more and this pre alum coagulation reduced COD and BOD5 to some extent. 

This effected on the reduction of pollution load on biological treatment operation. But 

problems associated with this case was that high quantity (100 mg/l) of alum was used  

because of using alum at initial stage of treatment procedure and sludge volume after 

flocculation was also high and handling of this large volume of sludge created difficulties. 

Finally post alum coagulation resulted in 75% of color removal, 78% COD removal and 

89% BOD5 removal.  

 



CHAPTER 6 

CONCLUSION AND RECOMMENDATION 

                                                                                                                                                                                           

6.1 Conclusion 

The objectives of the study were to investigate the present tannery waste water management 

status of the Hazaribagh tannery estate & to provide a suitable treatment option. The picture 

of the tannery wastewater treatment was drawn by field survey & from critical observation; 

it was observed that improper or no treatment option is found for huge amount of tannery 

wastewater, crude dumping of this waste is not only unaesthetic but also unsafe for the 

environment. The extensive laboratory examination showed that tannery wastewater 

contains very high concentration of organic matter, solids, sulfates, sulfides, chromium etc. 

and these characteristics demand combined system of treatment (physico-chemical and 

biological). The study was carried out in laboratory bench scale reactors for 3 days using 

extended aeration process in Case-1 to determine the optimum condition for removal of 

wastewater parameters, three different proportions (F/M ratio) were used and a comparative 

study was done. From the experience and result of Case-1, another two cases with chemical 

operation were performed for 30 hours and the performance of two cases were evaluated by 

percent removal of wastewater parameters (color, COD, BOD5). After careful interpretation 

& critical examination of the results, the following conclusion can be drawn. 

a) The high inorganic, organic & toxic substances present in the tannery waste require 

extensive treatment before final disposal into natural water course. Only Activated 

Sludge Process (ASP) is not satisfactory for tannery wastewater treatment, physico-

chemical treatment is also necessary. 

 

b) Modified Activated Sludge Process was used in the study and acclimatized sludge 

was utilized here at initial stage of treatment before aeration and no sludge return was 

occurred. 

  

c) Due to presence of high quantity of ammonia in tannery wastewater, there is 

necessity for anoxic unit in biological treatment process because ammonia hinders 

oxidation process during aeration. Anoxic unit removes ammonia in the form of 

nitrogen gas through denitrification. 



 

d) The biodegradation rate is seed-specific and various operational processes, which 

results in different organic consumption rate and different pattern. 

 

e) Yield coefficient, Y varied from 0.5 to 0.7. For extended aeration in Case-1, Y value 

was 0.57 and for aeration-anoxic cycle in Case-2, Y value was 0.60. Due to anoxic 

unit, Y value was more and here microorganism growth rate is higher whereas 

microorganism decay rate is lower. Case-1 gave higher decay rate of microorganism.  

 

f) Primary sedimentation contributed in 35% color removal, 28% COD removal and 

36% BOD5 removal for all cases. 

 

g) Extended aeration of 72 hour detention time not only gave sufficient removal 

percentages of COD and BOD5 but also increased color value – 32% color increase, 

45% COD removal and 56% BOD5 removal.  

h) Color, COD and BOD5 reduction achieved in Case-1 with extended aeration were 

33%, 75% and 82% respectively whereas for Case-2 (aeration-anoxic cycle with post 

alum coagulation) removal percentages were 85%, 89% and 96% respectively and 

for Case-3 (aeration-anoxic cycle with pre alum coagulation) removal percentages 

were 75%, 78% and 89%  respectively. On the basis of comparative analysis of 

removal percentages, it can be said that performance of Case-2 was the best. 

i)  The treatment process may be costly for using alum on one side; but on the other 

side, alum coagulation greatly reduced the values of color and had a little influence 

on the reduction of COD and BOD5 and it removed the color increasing problem 

during extended aeration. 

 



6.2 Recommendations for Future Study 

The main focus of this study was to assess the removal capacity of wastewater parameters. 

Major recommendations for the continuation of the present work in the future are 

summarized below:  

a) The samples were taken from one tannery factory. Analysis must be done with 

various samples collected from different tanneries (Hazaribagh and other areas). 

b) In this study, emphasis was given on three parameters - color, COD and BOD5. 

Variation of other parameters like turbidity, conductivity, alkalinity, chromium 

concentration etc. have to be analyzed for better performance of treatment process.   

c) CBR (Continuous Batch Reactor) method can be applied by installing a model 

treatment plant in the adjacent areas of tannery and ensuring continuous flow of 

wastewater. Although favorable results are obtained in the laboratory, operation 

problems may make it unsuitable in the field. 

d) Color value was increasing during extended aeration of 72 hour. The mechanism 

behind this incident may need further research. 

e) Rather than ASP, other biological treatment systems may be adopted for tannery 

wastewater. Suitability and comparative cost analysis of different treatment processes 

are essential in order to get quick, eco-friendly and cost effective process.  
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APPENDIX A 

Table A - 1: Standards for wastewater from industrial units or projects in                   

Bangladesh (ECR, 1997) 

Sl 

No. 
Parameter Unit 

Industrial Effluent Quality Standard at 

Discharge Point 

Inland Surface 

Water 

Public Sewerage 

System 

Connected to 

Treatment at 

Second Stage 

Irrigated 

Land 

1 
Ammonical Nitrogen 

(as elementary N) 
mg/l 50 75 75 

2 
Ammonia  

(as free ammonia) 
mg/l 5 5 15 

3 Arsenic mg/l .20 .05 .20 

4 BOD5 at 20
0
C mg/l 50 250 100 

5 Boron mg/l 2 2 2 

6 Cadmium (as Cd) mg/l .50 .05 .05 

7 Chloride mg/l 600 600 600 

8 
Chromium  

(as total Chromium)  
mg/l .50 1.0 1.0 

9 COD mg/l 200 400 400 

10 

Chromium  

(as hexavalent 

Chromium) 

mg/l .10 1.0 1.0 

11 Copper (as Cu) mg/l 0.5 3.0 3.0 

12 Dissolved Oxygen mg/l 4.5 - 8 4.5 - 8 4.5 - 8 

13 Electro-conductivity 
micro 

mho/cm 
1200 1200 1200 

14 Total Dissolved Solids mg/l 2100 2100 2100 



15 Fluoride (as F) mg/l 2 15 10 

16 Sulphide (as S) mg/l 1 2 2 

17 Iron (as Fe) mg/l 2 2 2 

18 

Total Kjendahl 

Nitrogen 

(as N) 

mg/l 100 100 100 

19 Lead (as Pb) mg/l 0.1 1.0 0.1 

20 Manganese (as Mn) mg/l 5 5 5 

21 Mercury (as Hg) mg/l .01 .01 .01 

22 Nickel (as Ni) mg/l 1 2 1 

23 
Nitrate 

(as elementary N) 
mg/l 10 Not Yet Fixed 10 

24 Oil and Grease mg/l 10 20 10 

25 Phenolic Compounds mg/l 1 5 1 

26 
Dissolved Phosphorus 

(as p) 
mg/l 8 8 15 

27 Radioactive Substances To be Specified by Bangladesh Atomic Energy Commission 

28 pH  6 - 9 6 - 9 6 - 9 

29 Selenium (as Se) mg/l .05 .05 .05 

30 Zinc (as Zn) mg/l 5 10 10 

31 Temperature 
o
C 

40 Summer 40 Summer 40 Summer 

45 Winter 45 Winter 45 Winter 

32 Suspended Solids mg/l 150 500 200 

33 Cyanide (as Cn) mg/l 0.1 2.0 0.2 

 

Table A - 2: Maximum permissible limits for industrial effluent discharges in India,      

Thailand and Taiwan (Alam, 2011) 

Sl Parameter Unit Into inland surface water 



No. India Thailand Taiwan 

1 
Ammonical Nitrogen 

(as elementary N) 
mg/l 50  50 

2 
Ammonia  

(as free ammonia) 
mg/l   5 

3 Arsenic mg/l 0.2 0.25 0.2 

4 BOD5 at 20
0
C mg/l 30 60 30 

5 Boron mg/l 2   

6 Cadmium (as Cd) mg/l 2 0.03 2 

7 Chloride mg/l 1000   

8 COD mg/l 250 400 250 

9 
Chromium  

(as hexavalent Chromium) 
mg/l 0.1 0.25 0.1 

10 Copper (as Cu) mg/l 3 2 3 

11 Total Dissolved Solids mg/l 2100 5000  

12 Fluoride (as F) mg/l 2  2 

13 Sulphide (as S) mg/l 2 1 2 

14 Total Kjendahl Nitrogen (as N) mg/l   100 

15 Lead (as Pb) mg/l 0.1 0.2 0.1 

16 Manganese (as Mn) mg/l  5 2 

17 Mercury (as Hg) mg/l 0.01 0.005 0.01 

18 Nickel (as Ni) mg/l 3 1 3 

19 Nitrate mg/l 10   

20 Oil and Grease mg/l 10 15 10 

21 Phenolic Compounds mg/l 1 1 1 

22 Radioactive Substances     

23 pH  5.5-9 5.5-9 5.5-9 



24 Selenium (as Se) mg/l  0.02 0.05 

25 Zinc (as Zn) mg/l 5 5 5 

26 Temperature 
o
C 40 40 5 

27 Suspended Solids mg/l 100 150 100 

28 Cyanide (as Cn) mg/l 0.2 0.2 0.2 

 

Table A-3: Summary of results in Case-1 

Treatment Steps 

Parameters 

Color (Pt-Co unit) COD (mg/l) BOD5 (mg/l) 

Primary 

Sedimentation 

(2 hr)        

Inlet 897 2212 1285 

Outlet 583 1586 812 

Removal % 35% 28% 36% 

Use of Acclimatized 

Sludge 

F/M 

0.28 

F/M 

0.22 

F/M 

0.18 

F/M 

0.28 

F/M 

0.22 

F/M 

0.18 

F/M 

0.28 

F/M 

0.22 

F/M 

0.18 

Continuous 

Aeration      

(72 hr) 

Inlet 526 488 453 1506 1457 1312 778 741 625 

Outlet 726 646 663 866 792 829 437 321 386 

Removal % 19% 28% 26% 60% 64% 62% 66% 75% 70% 

Final 

Sedimentation              

(2 hr) 

Inlet 726 646 663 866 792 829 437 321 386 

Outlet 700 601 628 664 553 598 322 232 270 

Removal % 22% 33% 30% 70% 75% 73% 75% 82% 79% 

• Percentage calculated from initial value



Table A-4: Parameters at different F/M ratios in extended aeration 

Time  (hr) F/M ratio 
Color          

(Pt-Co unit) 
COD 
(mg/l) 

BOD5 

(mg/l) 

0 (1
st
 day 8:00 am) 

0.28 

526 1506 778 

12 (1st day 8:00 pm) 566 1359 680 

24 (2
nd

 day 8:00 am) 592 1270 610 

30 (2nd day 2:00 pm) 643 1183 544 

48 (3rd day 8:00 am) 670 1090 493 

60 (3
rd

 day 8:00 pm) 695 981 468 

72 (4th day 8:00 am) 726 866 437 

0 (1
st
 day 8:00 am) 

0.22 

488 1457 741 

12 (1st day 8:00 pm) 497 1239 624 

24 (2
nd

 day 8:00 am) 519 1162 556 

30 (2nd day 2:00 pm) 548 1106 492 

48 (3
rd

 day 8:00 am) 591 1038 425 

60 (3rd day 8:00 pm) 621 962 360 

72 (4
th
 day 8:00 am) 646 792 321 

 

0 (1
st
 day 8:00 am) 

0.18 

453 1312 625 

12 (1st day 8:00 pm) 468 1187 564 

24 (2
nd

 day 8:00 am) 490 1139 543 

30 (2nd day 2:00 pm) 515 1055 503 

48 (3
rd

 day 8:00 am) 557 963 461 

60 (3rd day 8:00 pm) 607 866 414 

72 (4
th
 day 8:00 am) 663 829 386 

 



Table A-5: Summary of results in Case-2 

Treatment Steps 
Parameters 

Color (Pt-Co unit) COD (mg/l) BOD5 (mg/l) 

Primary Sedimentation     

(2 hr)        

Inlet 897 2212 1285 

Outlet 583 1586 812 

Removal rate (%) 35% 28% 36% 

Use of Acclimatized Sludge (F/M ratio = 0.22, MLSS = 3370 mg/l) 

1
st
 Aeration                 

(6 hr) 

Inlet 488 1457 741 

Outlet 460 1347 655 

Removal rate (%) 48% 39% 49% 

Anoxic                        

(2 hr) 

Inlet 460 1347 655 

Outlet 458 1342 590 

Removal rate (%) 48% 39% 54% 

2nd 

Aeration    

(17 hr) 

05 hr Inlet 458 1342 590 

Outlet 445 1152 566 

Removal rate (%) 50% 47% 55% 

10 hr Inlet 445 1152 566 

Outlet 429 920 437 

Removal rate (%) 52% 58% 65% 

17 hr Inlet 429 920 437 

Outlet 397 714 341 

Removal rate (%) 55% 67% 73% 

Secondary Clarifier               

(2 hr) 

Inlet 397 714 341 

Outlet 283 452 169 

Removal rate (%) 68% 79% 86% 

Alum Coagulation & 

Final Sedimentation      

(1 hr) 

Inlet 283 452 169 

Outlet 126 232 46 

Removal rate (%) 85% 89% 96% 

• Percentage calculated from initial value 



Table A-6: Summary of results in Case-3 

Treatment Steps 
Parameters 

Color (Pt-Co unit) COD (mg/l) BOD5 (mg/l) 

Primary 

Sedimentation     

(2 hr)        

Inlet 897 2212 1285 

Outlet 583 1586 812 

Removal rate (%) 35% 28% 36% 

Alum Coagulation 

& Secondary 

Sedimentation          

(1 hr)  

Inlet 583 1586 812 

Outlet 408 1503 778 

Removal rate (%) 54% 32% 39% 

Use of Acclimatized Sludge (F/M ratio = 0.22, MLSS = 3410 mg/l) 

1st Aeration         

(6 hr) 

 

Inlet 395 1485 750 

Outlet 379 1330 602 

Removal rate (%) 57% 39% 53% 

Anoxic                

(2 hr) 

Inlet 379 1330 602 

Outlet 375 1264 528 

Removal rate (%) 58% 42% 58% 

2nd 

Aeration   

(17 hr) 

05 hr Inlet 375 1264 528 

Outlet 368 1177 476 

Removal rate (%) 58% 46% 62% 

10 hr Inlet 368 1177 476 

Outlet 346 903 437 

Removal rate (%) 61% 59% 65% 

17 hr Inlet 346 903 437 

Outlet 325 696 318 

Removal rate (%) 63% 68% 75% 

Final 

Sedimentation          

(2 hr)        

Inlet 325 696 318 

Outlet 221 467 138 

Removal rate (%) 75% 78% 89% 

• Percentage calculated from initial value 



 

Figure A-1: Variation of BOD5 and % removal of BOD5 in Case-2 

 

 

Figure A-2: Variation of COD and % removal of COD in Case-2 

 

 

 

 



 

 

 

 

 

 

 

Figure A-3: Variation of Color and % removal of Color in Case-2 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX B  

 

Figure B-1: Location map of Hazaribagh thana (Banglapedia, 2005) 

 

 



Figure B-2: Location of tanneries in Hazaribagh (Rahman, 1988) 

 



Table B-1: List of some tanneries in Hazaribagh (Rahman, 1988) 

 

Name of Tannery 

Imam Tannery Jublee Tannery Sonali Tannery 

City Leather Anwar Tannery Shahid Tannery 

Muslim Leather Hossain Brothers Kashem Tannery 

Chinese Overseas Tannery Rubi Enterprise Jamila Tannery Ltd. 

East Asia Tannery Ltd. Rony Enterprise Khokan Tannery 

Bangladesh Trading Corporation Metro Tannery Prince Tannery 

Shajalal Leather Complex Ltd. Diamond Tannery Yusuf Tannery 

Permanent Tanneries Luna Tannery Five Star Tannery 

Bay Tannery Limited Islamia Tannery Haque Tannery 

Yousuf Leather Corporation Salam Tannery Maijdee Tannery 

Shafiq Leather Corporation Wahid Tannery Rata Tannery 

Kalu Leather Corporation Rowshan Tannery Jahid Brothers Tannery 

Martin Brothers Tannery Kustia Tannery Crescent Tannery Ltd. 

Sabuj Corporation Popular Tannery Ayub Brothers Tannery Ltd. 

Pubali Tannery Paramount Tannery Bengal Leather Insdustries Ltd. 

Sarwar Leather Corporation Bengal Tannery Ruma Leather Industries 

Ibrahim Tannery Murshed Brothers Tannery Kalinur Tannery 

H.S. Tannery International Tannery K.T. Tannery 

Sandip Tannery Mizan and Suman Tannery Appex Tannery 

G.E.T. Tannery T. Ahmed Brothers Tannery Gohal Tanneries 

Abul Khair Tannery Zindabad Tannery Island Tannery 

Zahir Tannery Sohel and Shakil Tannery Kamala Tannery 

M.S. Tannery Noakhali Tannery Udayan Corporation 

G.N. Tannery Aleya Tannery B. Rahim Enterprise Tannery 

Tippera Tannery Ibrahim Tannery Dhaka Tanneries Ltd. 

Ismail Leather Corporation Royal Bengal Tannery Hossain Export 



Kalem Brothers Madora Tannery Karim Leather Ltd. 

Tahir Hossain Tannery Janata Tannery Bikrampur Tannery 

Sanat Leather Complex Shadin Tannery Dhaka Hides and Skins 

Abul Basher Tannery Royal Tannery Taj Tannery 

Belal Tannery Comilla Tannery H.B. Tannery 

Green Arrow Tannery Gulzar Tannery Noor Trading Corporation 

I.S. Tannery Nuru Bhai Tannery Bangla Tannery Leather 

Products 

Chinese Leather Tanneries Ltd. Chandpur Tannery Green Tannery Ltd. 

Globe Tannery Karoaz Tannery Anjuman Tannery 

Jalal Tannery Gulshan Tannery M.R. Tannery 

Suman Tannery Overseas Tannery Samina Tannery Ltd. 

Milon Tanneries Ltd. Banas Enterprise Bata Tannery 

Yusuf Brothers Tannery Choyonika Leather Complex Apex Tannery 

Golden Tannery Forhad Leather Corporation Bay Tannery 

Sadar Tannery Dhaka Nagar Tannery Lexco Tannery Ltd. 

Amin Tannery F.K. Leather Complex Lien Tannery 

Mohin Tannery Massum Leather Pragati Tannery 

Nabarum Tannery Sunlight Tannery SAS Tannery 

Millat Tannery Mohammad Anisuddin Riff Tannery 

Dilbahar Tannery Comilla Tannery Madina Tannery 

Sher-E-Bangla Tannery Shahjahan Tannery Balua Tannery Ltd. 

Progati Leather Complex Rana Leather Industries Kamal Brother Tannery 

Mahatab Tannery Nabipur Tannery United Tannery 

Chromveyage Tannery Mukti Tannery Pakshia Tannery 

Feni Tannery Ltd. Nishat Tannery M.S. Greenways Tannery 

 

 

APPENDIX C 

 



Figure C-1: Sample containers and different instruments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample Containers Turbidimeter  

HACH Spectrophotometer HACH COD Reactor 

pH Meter Conductivity Meter 

 

 

 

 



 Figure C-2: Tannery wastewater at different treatment stages – (a) 

Untreated tannery wastewater, (b) After alum coagulation, (c) After alum 

coagulation and sedimentation, (d) Acclimatized sludge, (e) Aeration 

running in imhoff cone, (f) After aeration and sedimentation and (g) 

Finally treated sample. 
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(e) (f) 

(g) 


