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ABSTRACT 
 

 
Pharmaceutical industries are now increasing in Bangladesh along with other 
industries which are a major polluting industry in Bangladesh. The liquid wastes of 
these industries are discharged into nearby natural stream, surface drain, low land or 
ditch. The effluents are usually characterized by low or high pH, high BOD and COD, 
high turbidity, high color, high suspended solids etc. As a result, discharge of 
untreated wastewater causes death of aquatic life and the resulting environmental 
pollution effects on plants, animals and human. The study attempts to identify simple 
and cost effective approaches to stabilize pharmaceutical waste. 
 
Navana Pharmaceuticals Ltd. is one of the largest pharmaceutical industries of 
Bangladesh which produces various types of products from different plants. Wastes 
from different plants are discharged in a surface drain and then flow combinedly. This 
study has been carried out for biological treatment of this liquid waste by aerated 
lagoon process and Activated sludge process. For Aerated lagoon process BOD5, 
COD, color, turbidity, EC and DO were taken as indicators for the assessment of 
treatment efficiency; for activated sludge process BOD5, COD, turbidity, TSS and 
TDS were taken as indicators. Chemical treatment was also carried out for color, 
turbidity and COD removal. From chemical treatment process it was found that 
chemical treatment was effective for color and turbidity removal but not so effective 
for COD removal. 100 mg/l alum may reduce color by 50% and turbidity by 67%.  
From aerated lagoon process, it was observed that treatment performance depends on 
pH and pH of about 6.0 was effective for biological treatment by aerated lagoon. 
Aeration with pH value 6.0 for four days can reduce COD by 88% and BOD5 by 96%. 
And can also increase DO up to 5 mg/l. The rate constant was found as 5.6 d-1 at 30oC 
temperature for four day aeration. COD can be reduced by 90% and BOD5 by 98% by 
Activated Sludge process with detention time eight hours without physicochemical 
treatment. Where the existing ETP which uses activated sludge process reduces COD 
by 94.6%. 
 
A comparison among existing ETP and different processes tried in this study was 
carried out, focusing on the treatment efficiencies and area requirement. In this study 
COD removal efficiency was found higher in existing ETP than coagulation process, 
aerated lagoon process and activated sludge process tried in the laboratory due to 
presence of a physicochemical treatment unit. Area requirement was higher for 
aerated lagoon process but lower for activated sludge process. However, aerated 
lagoon process is economical where land cost is insignificant. 
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CHAPTER ONE 

INTRODUCTION 
 

1.1 General 

Pharmaceutical Industry has grown in Bangladesh in the last two decades at a 

considerable rate. In Bangladesh Pharmaceutical sector is one of the most developed 

hi-tech sector which is contributing in the country's economy. After the promulgation 

of Drug Control Ordinance - 1982, the development of this sector was accelerated 

(Shamsuddin and Humayun, 2002). Pharmaceutical industries produce wastes, which 

are usually liquid having wide variation in physical, chemical and biological 

characteristics. These liquid wastes contain varieties of inorganic and organic 

substances and different pollution parameters like low or high pH, high color, 

objectionable odor, high turbidity, high ammonia-nitrogen, low dissolved oxygen, 

high total solids, toxic elements, heavy metals etc. Generally pharmaceutical wastes 

are discharged on the low land or into natural stream. Discharge of this waste on low 

land causes severe damage of fertility of the surrounding land and it may cause 

objectionable odor problem. It may cause contamination of ground water and surface 

runoff too. Discharge into the stream may cause the damage of aquatic life and 

microorganism, disease to human body and other animals and affects the treatment 

process of supply water. Pharmaceutical liquid wastes are harmful to the environment 

and it is hoped that all pharmaceutical liquid wastes should be treated before 

discharge at such a degree that nature can absorb them easily. But unfortunately, due 

to the lack of environmental cautiousness of people and financial and technological 

inability of the owners of the industries, from most of the industries, pharmaceutical 

liquid wastes are discharged directly in the nature without any treatment. Treated 

effluent can be safely discharged into streams, rivers, cannel, bay, lagoon or wetland, 

or it can be reused for, irrigation of a golf course, landscaping, gardening, or 

groundwater recharge (Fatta et al., 2005). Therefore, these wastes should be treated 

properly before discharge. In this study, attempt has been taken to develop an efficient 

and proper treatment method for pharmaceutical liquid waste.  
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1.2 Objectives of the Study 
 

i) To characterize selected pharmaceutical liquid wastes and compare 

with Bangladesh effluent quality standards.  

ii) To assess effectiveness of alum coagulation for treatment of 

pharmaceutical waste. 

iii) To assess effectiveness of treatment of pharmaceutical waste in aerated 

lagoon. 

iv) To assess effectiveness of activated sludge process for treatment of 

pharmaceutical waste. 

v) To compare the existing ETP at a pharmaceutical industry with the 

treatment options tested in this study. 

 

1.3 Scope of the Study 

Untreated and poorly treated pharmaceutical liquid wastes discharged into the water 

degrade the water resources. Thus it threatens the ecosystem and livelihood of tens of 

thousands of people who use these resources. Therefore, minimization of pollution 

from the wastewater is necessary for the protection of the environment. 

 

Selection of appropriate treatment option is one of the major steps towards reducing 

pollutants from pharmaceutical industries. While doing that, information regarding 

treatment efficiencies of treatment options is very important. In this study attempt has 

been made to provide a guideline for designing and operating treatment plant of 

pharmaceutical liquid waste. Different treatment options will be compared with the 

existing treatment plant. Thus it will help to develop efficient and cost effective 

treatment option which will encourage the industries to install and run effluent 

treatment plant.  
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1.4 Organization of the Study 

This thesis has been organized in chapters. Brief descriptions of the chapters are as 

follows: 

 

 Chapter 1: Introduces the general of the study, its objectives and organization 

of the study. 

 Chapter 2: Describes the literature review based on types and sources of 

pharmaceutical wastes, their characteristic parameters, different treatment 

options etc. 

 Chapter 3: Describes the methodology and experimental setup of the study. 

 Chapter 4: Describes the location, condition and performance of the existing 

ETP. 

 Chapter 5: Describes the effectiveness of different treatment options 

considered in the study for the treatment of pharmaceutical waste. 

 Chapter 6: Summarizes the findings and limitations of the study and 

recommendations for further study. 
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CHAPTER TWO 

LITERATURE REVIEW 
 
2.1 Introduction 
 
The treatment of pharmaceutical effluent is of interest due to their toxic and aesthetic 

impacts on receiving waters. Human and ecological health contents have prompted 

the government to set a hardly achievable discharge quality standard for 

pharmaceutical effluent. Cleaner production techniques can help to reduce the 

strength and amount of wastewater but end pipe treatment is necessary to achieve the 

discharge standard set by the government. There are a number of treatment 

technologies available to treat pharmaceutical effluent. 

 

As the quality and composition of pharmaceutical industry effluent varies with the 

type of chemicals, the processes involved the way that processes are operated and the 

classification of pharmaceutical industries will help understanding the variations. 

 

In this section the general process flow in the pharmaceutical industry is briefly 

described for better understanding of the sources of wastewater generated by that type 

of industries. The materials used in the processing of pharmaceutical determine the 

characteristics of the effluent and dictates the selection of treatment units.  

 

Since in this thesis aerated lagoon has been used, this process is stressed in this 

literature review.  

 

2.2 Pharmaceutical Industries  
 
Pharmaceutical Industry has grown in Bangladesh in the last two decades at a 

considerable rate. Its healthy growth supports development of auxiliary industries for 

producing glass bottles, plastic containers, aluminium collapsible tubes, aluminium 

PP caps, infusion sets, disposable syringes, and corrugated cartons. Some of these 

products are also being exported. Printing and packaging industries and even the 
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advertising agencies consider pharmaceutical industry as their major clients and a key 

driving force for their growth. 

Following the Drug (Control) Ordinance of 1982, some of the local pharmaceutical 

companies improved range and quality of their products considerably. The national 

companies account for more than 65% of the pharmaceutical business in Bangladesh. 

However, among the top 20 companies of Bangladesh 6 are multinationals. Almost all 

the lifesaving imported products and new innovative molecules are channeled into 

and marketed in Bangladesh through these companies. Multinational and large 

national companies generally follow current good manufacturing practices (cGMP) 

including rigorous quality control of their products. The Drug Act of 1940 and its 

rules formed the basis of the country's drug legislation. Unani, ayurvedic, 

homeopathic and biochemic medicines were exempted from control under the 

legislation. The pharmaceutical industry was dominated by the foreign companies at 

that time. Even in the allopathic market there were extemporaneous preparations 

dispensed from retail pharmacies. 

The pharmaceutical industry, however, like all other sectors in Bangladesh, was much 

neglected during Pakistan regime. Most multinational companies had their production 

facilities in West Pakistan. With the emergence of Bangladesh in 1971, the country 

inherited a poor base of pharmaceutical industry. For several years after liberation, the 

government could not increase budgetary allocations for the health sector. Millions of 

people had little access to essential lifesaving medicines. With the promulgation of 

the Drug (Control) Ordinance of 1982 many medicinal products considered harmful, 

useless or unnecessary got removed from the market allowing availability of essential 

drugs to increase at all levels of the healthcare system. Increased competition helped 

maintain prices of selected essential drugs at the minimum and affordable level. 

In 1981, there were 166 licensed pharmaceutical manufacturers in the country, but 

local production was dominated by eight multinational companies (MNCs) which 

manufactured about 75% of the products. There were 25 medium sized local 

companies which manufactured 15% of the products and the remaining 10% were 

produced by other 133 small local companies. All these companies were mainly 
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engaged in formulation out of imported raw materials involving an expenditure of Tk 

600 million in foreign exchange. In spite of having 166 local pharmaceutical 

production units, the country had to spend nearly Tk 300 million on importing 

finished medicinal products. A positive impact of the Drug (Control) Ordinance of 

1982 was that the limited available foreign currency was exclusively utilized for 

import of pharmaceutical raw materials and finished drugs, which are not produced in 

the country. The value of locally produced medicines rose from Tk 1.1 billion in 1981 

to Tk 16.9 billion in 1999. At present, 95% of the total demand of medicinal products 

is met by local production. Local companies (LCs) increased their share from 25% to 

70% on total annual production between 1981 and 2000. 

In 2000, there were 210 licensed allopathic drug-manufacturing units in the country, 

out of which only 173 were on active production; others were either closed down on 

their own or suspended by the licensing authority for drugs due to non-compliance to 

GMP or drug laws. They manufactured about 5,600 brands of medicines in different 

dosage forms. There were, however, 1,495 wholesale drug license holders and about 

37,700 retail drug license holders in Bangladesh. Anti-infective is the largest 

therapeutic class of locally produced medicinal products, distantly followed by 

antacids and anti-ulcerants. (Shamsuddin and Humayun, 2002) 

Up to now, there are about 258 pharmaceutical industries have been developed. By 

now, there are around 484 Unani, Ayurvedic and Herbal manufacturing units and 79 

Homeopathic manufacturers in Bangladesh too (Directorate General of Drug 

Administration). Growth of Pharmaceutical Industries over the year is shown in table 

2.1: 
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Table 2.1: Licentiate business units in drugs by categories (Statistical Year Book 
of Bangladesh, 2006) 

Category Number 
2002 2003 2004 2005

No. of licensed pharmaceutical (Allopathic) 
manufacturing Units 233 233 234 239 

No. of licensed Unani drug manufacturing Units 296 296 296 261 
No. of licensed Ayurvedic drug manufacturing Units 205 205 205 161 
No. of licensed Homeopathic drug manufacturing 
Units 80 81 81 77 

No. of whole sale trading firm for drugs 1600 1643 1644 - 
No. of retail trading firm for drugs 49950 60000 65000 - 
 
2.3 Pharmaceutical Products 
 
Almost all types of possible dosage forms are now produced in the country which 

include  

i) Tablets,  

ii) Capsules,  

iii) Oral and external liquids (solutions, suspensions, emulsions),  

iv) Ointments,  

v) Creams, injections (small volume ampoules/dryfill vials/suspensions and 

large volume IV fluids),  

vi) Aerosol inhalers  

In recent years, the country has achieved self-sufficiency in large volume parenterals, 

some quantities of which are also exported to other countries. The development of 

local manufacturing capability helped contain dependence on the import of 

pharmaceutical products (raw material and finished product) around pre-1982 level. 

Under the Drug (Control) Ordinance government fixes the maximum retail prices 

(MRP) of 117 essential drug chemical substances. Drugs other than these essential 

ones are priced through a system of indicative prices. This rule applies on the locally 

manufactured products only. For imported finished products, a fixed percentage of 

markup is applied on the C and F price to arrive at the MRP, regardless of whether 

they are within the list of essential 117 molecules or not. It is interesting to note that, 

even with withdrawal of price control from many products, prices have not shot up; 
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healthy competition has been keeping the prices within affordable levels. 

(Shamsuddin and Humayun, 2002) 

 
2.4 Manufacturing Process 
 
(Source: EMP Report of Navana Pharmaceuticals Ltd., 2006) 
 

There are five production lines producing the lifesaving drugs in the form of tablet, 

capsule, liquid and dry syrup and ointment. The list of the Raw materials is given in 

the Appendix B. The list of Production Machinery, Quality Control (QC) Machinery 

and Finished products are also given in Appendix B.   

 
Raw materials are imported from India, China, Korea, Japan, West Germany and 

many other countries of the world. 

 
The Flow Diagram of these five productions lines are shown in Figure 2.1 to Figure 

2.5. Flow Diagram of Quality Control Section is shown in Figure 2.6. 

 
Figure 2.1:Flow Diagram of Liquid Syrup/Suspension (Source: Khan Associates, 

2006)  
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Figure 2.2:  Flow Diagram of Dry Syrup/Suspension (Source: Khan Associates, 
2006) 

 

         
Figure 2.3:  Flow Diagram of Tablet Manufacturing (Source: Khan Associates, 

2006) 
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Figure 2.4:  Flow Diagram of Capsule Manufacturing (Source: Khan Associates, 

2006) 

 

 
 

Figure 2.5:  Flow Diagram of Oinment Manufacturing (Source: Khan Associates, 
2006) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) 
Name of the 

Product 

(2) 
Ingredients used 
and net Weight

(3) 
    Drum Mixer Unit 

(4) 
Capsule Loader 

Section 

(5) 
Capsule Filling 

(HO) 

(6) 
    Capsule 
Polishing 

(7) 
 Capsule Weight 

         (8) 
Dissolution Rate 
Test Section 

 (12) 
      Finished 
      Product 

      (11) 
Packing 
Section 

            (10) 
Conveyer Belt 

            (9) 
Bluster/Strip 
Packing Section 

(1) 
Name of the 

Product 

(2) 
Ingredients used 
and net Weight

(3) 
       Mixer Unit 

(4) 
Tube Filling 

(5) 
Cripping 

      (6) 
Packing 
Section 

         (7) 
     Finished  
      Product 



11 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6:  Flow Diagram of Quality Control Section (Source: Khan Associates, 

2006) 

 

2.5 Characteristics of Pharmaceutical Liquid Waste of Bangladesh  
 

The water consumption and waste water generation in the pharmaceutical industry 

depends on manufacturing process, the nature of products, raw materials used and 

purification process of the final product. This type of industry uses both inorganic and 

organic materials as raw material, the latter being either of synthetic or of vegetable 

and animal origin. Some of the pharmaceutical plants do not discharge liquid waste at 
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all, some discharge very small but concentrated liquid waste, while some others 

discharge highly alkaline and toxic liquid wastes. As a result it is very difficult to 

make any generalization in regard to the characteristics of these wastes. From the 

result of a study done by Ashiqur Rahman the characteristics of pharmaceutical 

Industrial liquid pollutants and their maximum and minimum values of different 

parameters as found is presented in table 2.2. 

 

Table 2.2: Characteristics of Pharmaceutical industrial waste of Bangladesh  

 

Parameters Unit 
Maximum 

value 

Minimum 

value 
Average 

pH  7.1 6.5 6.87 

BOD5 mg/l 2800 Nil 782.5 

COD mg/l 4300 40 1260 

Suspended 

solids 
mg/l 1414 135 769.5 

Chloride (Cl) mg/l 4500 19 2259.5 

Chromium (Cr) mg/l 0.047 0.028 0.037 

Copper (Cu) mg/l 0.131 0.042 0.086 

Zinc (Zn) mg/l 0.215 0.138 0.176 

Color TCU 1200 1000 1100 

Turbidity NTU 586 48 317 

Total Solids mg/l 151993 15328 38733 

  Source: Rahman, 1997 
 
2.6 Industrial Effluent Quality Standards of Bangladesh 
 
The Bangladesh government has formulated general quality standards for the 

discharge of industrial waste water into inland surface water, into public sewer and for 

discharge into land. These standards are given below in Table 2.3: 
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Table 2.3: Standards for Waste from Industrial Units or Projects Waste (DOE, 
1997) 

 
Sl. 
No. 

Parameter Unit Places for determination of 
standards 

1 2 3 

Inland
Surface
Water 

 
4 

Public Sewerage 
system connected 

to treatment at second 
stage 

5 

Irrigated
Land 

 
 
6 

1 Ammoniacal Nitrogen (N 
molecule) mg/l 50 75 75 

2 Ammonia (free ammonia) mg/l 5 5 15 
3 Arsenic mg/l 0.2 0.5 0.2 
4 BOD5 200C mg/l 50 250 100 
5 Boron (B) mg/l 2 2 2 
6 Cadmium (Cd) mg/l 0.05 0.5 0.5 
7 Chloride (Cl—) mg/l 600 600 600 
8 Chromium (total Cr) mg/l 0.5 1 1 
9 COD mg/l 200 400 400 
10 Chromium (hexavalent Cr) mg/l 0.1 1 1 
11 Copper (Cu) mg/l 0.5 3 3 
12 Dissolved Oxygen (DO) mg/l 4.5-8 4.5-8 4.5-8 

13 Electrical Conductivity micro 
mho/cm  1200 1200 1200 

14 Total Dissolved Solids (TDS) mg/l 2100 2100 2100 
15 Fluoride (F) mg/l 7 15 10 
16 Sulfide (S) mg/l 1 2 2 
17 Iron (Fe) mg/l 2 2 2
18 Total Kjeldahl Nitrogen (N) mg/l 100 100 100 
19 Lead (Pb) mg/l 0.1 0.1 0.1 
20 Manganese (Mn) mg/l 5 5 5 
21 Mercury (Hg) mg/l 0.01 0.01 0.01 
22 Nickel (Ni) mg/l 1 1 1 
23 Nitrate (N molecule) mg/l 10 Undetermined 10 
24 Oil & grease mg/l 10 20 10 
25 Phenol compounds (C6H5OH) mg/l 1 5 1 
26 Dissolved Phosphorus (P) mg/l 8 8 10 
27 Radioactive materials: As determined by Bangladesh Atomic Energy Commission 
28 pH 6-9 6-9 6-9  
29 Selenium (Se) mg/l 0.05 0.05 0.05 
30 Zn (Zn) mg/l 5 10 10 
31 Total Dissolved Solids mg/l 2100 2100 2100 

32 
Temperature Centigrade  

Summer  40 40 40 
Winter  45 45 45 

33 Total Suspended Solid (TSS) mg/l 150 500 200 
34 Cyanide (CN) mg/l 0.1 2 0.2 
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2.7 Toxic and Pollution Effect of Wastes  

2.7.1 Effects of Antibiotic Wastes  

 
If a crude waste from an antibiotic waste discharged into a stream, it not only imparts 

an objectionable odor to the stream, but also adversely effects the biological 

population in it. This waste should not be allowed to discharge into a municipal 

sewer; unless the sewage treatment plant is properly designed to handle a widely 

varying and concentrated waste from such a plant .Penicillin waste is found to have a 

disturbing effect on the process occurring within the sludge digestion tank 

(Maniruzzaman and Rahman, 1996).  

 
2.7.2 Effects of Synthetic Drug Wastes  

 
Waste containing toxic elements like cyanides and heavy metals, if discharged 

without any treatment are harmful to the aquatic life in streams. These toxic elements 

interfere with the biological sewage treatment units very badly. Similar effects are 

observed with raw acidic waste; these wastes corrode structures in the sewage system. 

Due to their high BOD content, a raw waste when discharged into stream rapidly 

depletes the dissolved oxygen of the stream and renders the water unsuitable for 

further use (Maniruzzaman and Rahman, 1996).  

 
2.7.3 Effect on Receiving Stream  

 
Industrialization is a prerequisite for economic development of any country. But it is 

paradoxical that such development is always accompanied with potential pollution for 

the environment. The problem of environment pollution has already reached a serious 

level in the industrial developed countries in Europe, North America and Japan. It is 

also spreading to the less developed countries like Bangladesh, where the problem is 

not yet very serious on a national scale but several reports of river pollution, poisoned 

fish, pesticides induced deaths or devil have been reported. Water is the ultimate 

dumping depot of all physical, chemical and biological wastes. The concentration of 

pollutants in water depends primarily on (i) the amount and concentration of polluting 

substances and (ii) the volume of diluting water .These are the two basic guide lines 
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for water pollution abatement. In Bangladesh industrial waste is one of the major 

pollution wastes that cause water pollution. There is little problem of water pollution 

during monsoon. The real problem of water pollution may rise only three to four 

months in a year during dry season when the river flow becomes sluggish. And this 

may aggravate with saline intrusion and other ecological and immunological changes 

due to diversion of river wetter upstream in the neighboring (Maniruzzaman and 

Rahman, 1996).  

 

All the big districts like Dhaka, Chittagong, Khulna, and Rajshahi are situated on the 

bank of the river. Not only these districts, but almost all the districts in Bangladesh 

have river or its tributaries passing through it. Along the banks of these rivers, 

generally maximum numbers of industrial zones built-up because of the ease of the 

transportation of the raw materials and also the finished product by the water way. 

The reason of setting an industry by the side of river banks is for easier disposal of its 

waste into the river (Maniruzzaman and Rahman, 1996). 

 

2.8 Methods of Liquid Waste Treatment 

A high BOD indicates the presence of excess amounts of organic carbon. Oxygen· 

depletion is a consequence of adding wastes with high BOD values to aquatic 

ecosystems. The higher the BOD of a source of wastes the higher the polluting power 

of that waste. BOD's of certain wastes are listed in the table below. 

Table 2.4: BOD's of certain wastes (Atlas and Mosby, 1995) 

Type of Waste BOD(mg/L)

Domestic Sewage 200-600 

Slaughterhouse Wastes 1000-4000 

Cattle Shed Effluents 20000 

Vegetable Processing 200-5000 
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There are numerous ways to reduce the BOD of waste before discharging it into the 

water. Treatment of the wastes is aimed at removing organic material, human 

pathogens, and toxic chemicals. Primary sewage treatment involves physical 

separation to lower the BOD of the waste. Suspended solids are removed in this step 

through the use of settling tanks. Primary treatment usually removes from 30% to 

40% of the BOD from typical domestic sewage. Secondary treatment uses microbial 

degradation to reduce the concentration of organic compounds further; it involves 

microbial processes which can be aerobic or anaerobic. The combined use of primary 

and secondary treatment reduces approximately 80% to 90% of the BOD. However, 

because secondary treatment involves microorganisms it is extremely sensitive to 

toxic chemicals. Finally, tertiary treatment uses chemicals to remove inorganic 

compounds and pathogens.  

 

The treatment of industrial wastewater is generally accomplished in part or as a whole 

while either process commonly employed in municipal wastewater works or by 

process uniquely applicable to the removal or destruction of specific chemical 

constituents of industrial origin sedimentation is normally a first treatment step in the 

removal of suspended matter and in the simplification of soluble contaminants, Grit 

chambers can remove finer mineral and organic suspensions. 

 

Because industrial wastewaters are more varied than domestic wastewater, their 

treatment also varied. Because industrial wastewater are often more concentrated than 

municipal wastewater, treatment technique too costly for municipal wastewater are 

often practical examples are centrifugation, air flotation, heat treatment, and 

evaporation. 

 

The following is a summary of combinations of treatment process commonly used in 

treating industrial wastes: 

1. Remove settleable and suspended solids by screening and/or setting. 

2. Remove fats, oils and greasy solids by floatation and skimming procedures 

aided some cases by chemical treatment. 
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3. Remove colloidal solids by flocculation with chemical coagulants and 

electrolytes, followed by setting and possible filtration. 

4. Remove or stabilize dissolved solids by chemical precipitation, ion 

exchange or biological processes or a combination of these. 

5. Decolourization by chemical treatment, with setting or filtration, singly or 

in combination. 

6. Re-oxygenate the wastes by suitable aeration methods. 

7. Lower the temperature of excessively hot wastes by a suitable cooling 
process. 

 

It should be understood that the treatment concept may be used either singly or in 

combination either as pretreatment or complete treatment or may not be used at all 

depending on the treatment need before discharge to a sewer system or to the 

receiving waters (Atlas and Mosby, 1995). 

 
2.8.1 Flow Equalization 
 
In consideration of process fundamentals, it was assumed, for the purpose of 

simplifying the analysis, that the flow rate was constant. If instead a variable flow rate 

is substituted for the assumed constant value, it can often be shown that because of 

variation involved, there may be deterioration in performance from the optimum value 

that can be achieved. Flow equalization is used to overcome the operational problems 

caused by these variations and to improve the performance of the downstream 

process. 

 

Flow equalization simply is dumping of flow rate variations so that a constant or 

nearly constant flow rate is achieved. This technique can be applied in a number of 

different situations, depending on the characteristics of the collection system. The 

principal applications are for the equalization of: 

1. Dry-weather flows  

2. Wet-weather flows from separate sanitary sewers  

3. Combined storm water and sanitary waste water flows 

The principal benefits that are cited as diverting from the application of flow 

equalization are as follows (1) wastewater treatability is reportedly is enhanced after 
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equalization (this remains to be demonstrated conclusively); (2) biological treatment 

is enhanced, because shock loading are eliminated or can be minimized, inhibiting 

substances can be diluted, and pH can be stabilized; (3) the effluent quality and 

thickening performance of secondary sedimentation tanks following biological 

treatment is improved through constant solids loading; (4) effluent-filtration surface-

area requirements are reduced, filter performance is improved, and more uniform 

filter-backwash cycles are possible; and (5) in chemical treatment, damping of mass 

loading improves chemical feed control and process reliability. Apart from improving the 

performance of most treatment operation and process, flow equalization is an attractive option 

for upgrading the performance of overloaded treatment plants because of the relatively low 

costs involved (Atlas and Mosby, 1995). 

 

2.8.2 Sedimentation 

Sedimentation is the separation from water, by gravitational setting, of suspended 

particles that are heavier than water it is one of the most widely used unit operation in 

wastewater treatment. The terms sedimentation and settling are used interchangeably. 

A sedimentation basin may also be referred to as a sedimentation tank, settling basin, 

or settling basin, or settling tank. 

 

Sedimentation issued for grit removal, particulate-matter removal in the primary 

settling basin, biological-floc removal, particulate matter removal in the activated 

sludge settling basin, and chemical-floc removal when the chemical coagulation 

process is sued. It is also used for solids concentration in sludge thickness. In most 

cases, the primary purpose is to produce a clarified effluent, but it is also necessary to 

produce sludge with a solids concentration that can be easily handed and treated in the 

design of sedimentation basin, consideration smut be given to production of both a 

clarified effluent and a concentrated sludge (Metcalf and Eddy, 1991). 

 
2.8.3 Chemical Precipitation 
 
Chemical precipitation in wastewater treatment involves the addition of chemicals to 

alter the physical state of dissolved and suspended solids and facilitate their removal 

by sedimentation. In some cases the alteration is slight, and removal is effected by 
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entrapment within a voluminous precipitate consisting primarily of the coagulant 

itself. Another result of chemical addition is net increase in the dissolved constituents 

in wastewater. 

 

In the past, chemical precipitation as used to enhance the degree of suspended solids 

and BOD removal, 

 

1. Where there were seasonal variations in the concentration of the 

wastewater,  

2. Where an intermediate degree of treatment was required, and  

3. as an aid to the sedimentation process. 

 

Since about 1970, the need to provide more complete removal of the organic 

compounds and nutrients (nitrogen and phosphorus) contained in wastewater has 

brought about renewed interest in chemical precipitation. Chemical process, in 

conjunction with various physical operations, has been developed for the complete 

secondary treatment of untreated wastewater, including the removal of either nitrogen 

or phosphorus or both (Metcalf and Eddy, 1991). 

 

Over the years a number of different substances have been used as precipitants. The 

degree of clarification obtained depends on the quantity of chemicals used and the 

care with which the process is controlled. It is possible by chemicals used and the care 

with which the process is controlled. It is possible by chemical precipitation to obtain 

a clear effluent, substantially free from matter in suspension or in the colloidal state 

from 80 to 90 percent of the total suspended matter, 40 to 70 percent of the BOD5, 30 

to 60 percent of the COD, and 80 to 90 percent of the bacteria can be removed by 

chemical precipitation. In comparison, when plain sedimentation is used, only 50 to 

70 percent of the total suspended matter and 30 to 40 percent of organic matter settles 

out. 

 
2.8.4 Biological Treatment  

In the biological treatment of wastewaters, a mixed population of microorganisms 

utilizes the colloidal and dissolved organics found in the effluent from the primary 



20 
 

treatment as their main food supply. In consuming these organics, the microorganisms 

utilize part of the organic substances to obtain the energy needed for their life 

activities.  When the oxidation of organics occurs in the presence of dissolved oxygen 

the end products include carbon dioxide, water, sulfates, nitrates, and phosphates.  

The remainder parts of the consumed organics are used as building blocks in a series 

of synthesis (reproduction) reactions that result in an increase population of 

microorganisms.  Therefore, the colloidal and dissolved organics originally present in 

the wastewater have been transformed in part into a stable form, such as carbon 

dioxide, and part into a viable biological mass.  This biochemical reaction is active in 

all biological treatment processes. The biological mass must subsequently be 

separated from the wastewater to ensure a proper degree of treatment within effluent 

and water quality standards.  If this biological mass is not properly removed from the 

waste stream, usually by final clarification, effluent quality will be degraded and a 

higher BOD and S.S. load will be placed on the receiving waters.   

 

In the activated sludge process the microorganisms are dispersed throughout the water 

phase.  While in trickling filters or biodiscs the microorganisms are attached to a fixed 

surface forming a biological film.  In either, the microorganisms are doing the 

treatment and therefore all precautions must be taken to assure a favorable 

environment for their life cycle (Secondary Treatment, http://water.me.vccs.edu).  

 

Biological treatment of wastewater is done aiming to coagulate and remove the 

nonsettleable solids and to stabilize the organic matter. For industrial wastewater, the 

objective is to remove or reduce the concentration of organic and inorganic 

compounds. Because many of these compounds are toxic to microorganisms, 

pretreatment may be required. With proper analysis and environmental control, almost 

all wastewater can be treated biologically (Metcalf and Eddy, 1991).  

 

In biological treatment, wastewater contaminants are reduced or removed or stabilized 

using microorganisms (predominantly bacteria) with or without the presence or 

oxygen. 
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Different Types of biological treatment 
 
Different types of Biological treatment are described here below: 

 
Oxidation Ponds  

Oxidation Ponds are also known as stabilization ponds or lagoons. They are used for 

simple secondary treatment of sewage effluents. Within an oxidation 

pond heterotrophic bacteria degrade organic matter in the sewage which results in 

production of cellular material and minerals. The production of these supports the 

growth of algae in the oxidation pond. Growth of algal populations allows furthur 

decomposition of the organic matter by producing oxygen. The production of this 

oxygen replenishes the oxygen used by the heterotrophic bacteria. Typically oxidation 

ponds need to be less than 10 feet deep in order to support the algal growth. In 

addition, the use of oxidation ponds is largely restricted to warmer climate regions 

because they are strongly influenced by seasonal temperature changes. Oxidation 

ponds also tend to fill, due to the settling of the bacterial and algal cells formed during 

the decomposition of the sewage. Overall, oxidation ponds tend to be inefficient and 

require large holding capacities and long retention times. The degradation is relatively 

slow and the effluents containing the oxidized products need to be periodically 

removed from the ponds. An oxidation pond can be seen in the figure below (Atlas 

and Mosby, 1995). 

 
Figure 2.7: Oxidation Pond (Atlas and Mosby, 1995) 
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Trickling Filter 

 
The trickling filter system is relatively simple and inexpensive. It is an aerobic sewage 

treatment method in which the sewage is distributed by a revolving sprinkler 

suspended over a bed of porous material as seen in the Figure below. 

 

 
Figure 2.8: Trickling Filter (Atlas and Mosby, 1995) 

The sewage slowly moves through the porous bed and the effluent is collected at the 

bottom. This porous material becomes coated with a dense slimy bacterial growth 

which provides a home for aheterogeneous microbial community which includes 

bacteria, fungi, and protozoa as well as other organisms. As the sewage drains through 

the porous bed, this microbial community absorbs and breaks down dissolved organic 

nutrients in the sewage; this reduces the BOD. Aeration of the sewage occurs by the 

movement of air through the porous bed. The sewage may need to be recirculated 

several times through the filter in order to reduce the BOD sufficiently. One 

disadvantage to this system is that an excess amount of nutrients produces an 

excessive amount of slime on the bed which in turn reduces aeration, leading to the 

need to renew the porous bed. Cold winter temperatures also reduce the effectiveness 

of this method in outdoor treatment facilities (Atlas and Mosby, 1995). 
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Activated Sludge 

Activated Sludge is a widely used aerobic method of sewage treatment. After primary 

settling, the waste stream is brought to an aeration tank. Air is put in and/or there is 

mechanical stirring which provides aeration of the waste. Sludge from a previous run 

is usually reintroduced to the tanks to provide microorganisms. This is why it is called 

activated sludge. During the period in the aeration tank, large developments of 

heterotrophic organisms occur. In the activated sludge tank the bacteria occur in free 

suspension and as aggregates or flocs. Extensive microbial metabolism of organic 

compounds in the sewage results in the production of new microbial biomass. Most of 

this biomass becomes associated with flocs that can be removed from suspension by 

settling. A portion of the settled sewage sludge is recycled and the remainder must be 

treated by composting or anaerobic digestion. Combined with primary settling, 

activated sludge reduces the BOD by 85% to 90%. It also drastically reduces the 

number of intestinal pathogens. An illustration of an aeration basin is shown below 

(Atlas and Mosby, 1995). 

 
Figure 2.9: Aeration Basin (Atlas and Mosby, 1995) 

Process analysis: continuous-flow stirred-tank with recycle: In this system, shown 

schematically in Fig. 2.10, the reactor contents are completely mixed and it is 

assumed that there are no microorganisms in the wastewater influent.  
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Figure 2.10: Continuous flow stirred-tank reactor with cellular recycle 

The system contains a unit in which the cells from the reactor are settled and then 

returned to the reactor. Because of the presence of this settling unit, two additional 

assumptions must be made in the development of the kinetic model for this system: 

 

1. Waste stabilization by the microorganisms occurs only in the reactor unit. This 

assumption leads to a conservative model (in some systems there may be some waste 

stabilization in the settling unit). 

 

2. The volume used in calculating the mean cell residence time for the system 

includes only the volume of the reactor unit.  

 

In effect, it is assumed that the settling tank serves as a reservoir from which solids 

are returned to maintain a given solids level in the aeration tank. If the system is such 

that these assumptions do not hold true, then the model should be modified. For 

example, in pure oxygen activated-sludge systems, it has been found that up to 50 

percent of the total solids in the system may be present in the secondary settling tank 

 

The mean hydraulic retention time for the system θs is defined as 

θ s=        2.1 

Where, Vs = volume of reactor plus volume of settling tank 

 Q  = influent flowrate 

 

The mean hydraulic retention time for the reactor θ is defined as  
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θ =        2.2 

 

Where V is the volume of the reactor 

 

For the system shown in Fig. 2.10, the mean cell residence time θc is 

 

θc=       2.3 

 

Where Qw = flowrate of liquid containing the biological cells to be wasted from the 

system (in this case from the reactor) 

 Xe = microorganism concentration in effluent from settling unit 

 

In a system with prperly operating settling unit, the quantity of cells in the effluent is 

very small, and Eq. 2.3 can be simplified to yield 

θc ≅       2.4 

Comparing Eq 2.16 with Eqs 2.1 and 2.2, it can be seen that for a given reactor 

volume, θc, is theoretically independent of both θ and θs. Practically speaking, 

however, θc cannot be completely independent of θ and θs.  

 

A mass balance for the microorganisms in the entire system can be written as: 

1. General word statement:  

 

 

                             =                           -                                  +                                  2.5 

 

 

2. Simplified word statement: 

 

Accumulation = inflow - outflow + net growth     2.6 

 

3. Symbolic representation: 

Rate of 
accumulation of 
microorganism 
within the system 
boundary 

Rate of flow of 
microorganism 
into the system 
boundary 
 

Rate of flow of 
microorganism 
out of the 
system 
boundary 

Net growth of 
microorganism 
within the 
system boundary 
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  V = QXo - [QwX + (Q-Qw)Xe] + V(r'g)   2.7 

 

Substituting equation for the rate of growth, and assuming that the cell concentration 

in the influent is zero and steady-state conditions prevail, (dX/dt = 0) yields 

 

      2.8 

Making use of Eq. 2.3, Eq. 2.8 can be simplified and rearranged to yield 

 

        2.9 

 

or by using Eq. 9-36  from Metcalf and Eddy, 1991 

 

        2.10 

Equation 2.10 was developed in the general analysis for a continuous flow stirred-

tank system without recycle. In both systems, there is a direct relationship between θc, 

and U. Thus, in the growth-specified recycle system, the effluent waste concentration 

S is directly related to θc or U. For both recycle and nonrecycle systems, controlling θc 

or U establishes the effluent concentration.  

 

In a continuous-How stirred-tank system without recycle, both HC and U are direct 

functions of the hydraulic retention time of the reactor θ. In a recycle system, 

however, 9, and U are theoretically independent of the hydraulic retention time of the 

reactor θ and of the system θs. Thus it is possible to achieve a high θc, and therefore 

good treatment efficiency, without raising θ or θs. 

 
The mass concentration of microorganisms X in the reactor can be obtained by using 

Eq. 9-37 from Metcalf and Eddy 1991 in conjunction with Eq. 2.9 and solving for X: 

 

X=         2.11 
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In the analysis of the foregoing equations, the predominant theme was that in a 

recycle system, θc and U were independent of θ and θs, whereas in a nonrecycle 

system, θc, U, and θ were directly related. Since both θc and U are directly related to 

the effluent quality of treatment efficiency controlling either θc or U in a biological-

treatment process will directly control the process efficiency. This can be done 

independently of θ or θs in a recycle system. The choice of which parameter to use for 

treatment control, θc or U, is a matter of ease of attainment. 

 

To determine the specific utilization ratio U, the food utilized and the mass of 

microorganisms effective in this utilization must be known. The food utilized can be 

evaluated by determining the difference between the influent and the effluent COD or 

BOD5. The evaluation of the active mass of micro-organisms is usually what makes 

the use of U impractical as a control parameter. As noted earlier, the most common 

parameter used as a measure of the biological solids is the volatile suspended solids in 

the treatment unit. This parameter is not entirely satisfactory, because of the 

variability of volatile matter in the waste that is not related to active cellular material. 

 

Using θc as a treatment control parameter, there is no need to determine the amount of 

actiye biological solids in the system, nor is there the need to evaluate the amount of 

food utilized. The use of θc is simply based on the fact that, to control the growth rate 

of microorganisms and hence their degree of waste stabilization, a specified 

percentage of the cell mass in the system must be wasted each day. Thus, if it is 

determined that a θc of 10 days is needed for desired treatment efficiency, then 10 

percent of the total cell mass is wasted from the system per day. In the continuous-

flow stirred-tank system, cell wastage can be accomplished by wasting from the 

reactor or mixed-liquor tank. As shown in Eq. 2.4, by wasting cells directly from the 

reactor, only Qw and V need to be known to determine θc. Wasting cells in this 

manner provides for a direct method of controlling and measuring θc. 

 

In most biological-treatment processes, cell wastage is accomplished by drawing off 

from the sludge recycle line. If this were done, Eq. 2.3 would become 
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       2.12 

Where Xr = microorganism concentration in return sludge line 

Q'w = cell wastage rate from recycle line 

 

Assuming that Xe is very small, Eq. 2.12 can be rewritten as 

 

   ≅       2.13 

Thus wasting from the recycle line requires that the microorganism concentrations in 

both the mixed liquor and return sludge be known. 

 

For an activated-sludge process using a continuous-flow stirred-tank with recycle, just 

as in the nonrecycle system, there is a minimum mean cell residence time below 

which waste stabilization cannot occur. The specific value of  is a function of the 

waste concentration and the biological kinetic parameters Y, k, Ks, and kd. Equations 

2.12 and 2.13 can be used to determine , with or without recycle. Values of HC 

used in the design of biological process are based on the value of  for the particular 

waste. 

 

As shown earlier, regardless of the location from which cells are wasted, θc is 

independent of θ. Practically speaking, however, in the successful operation of a 

wastewater-treatment plant using biological processes, a minimum hydraulic, 

retention time θ must be met before θc becomes a controlling parameter. It is 

sufficient to note here that the most important factors tending to negate the complete 

independence between θc and θ are (1) the oxygen transfer rate in the reactor unit of 

an aerobic system, (2) the proper operation of the settling unit, and (3) the settling 

characteristics of suspended solids in the mixed liquor (Metcalf and Eddy, 1991). 
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Aerated Lagoons 

An aerated lagoon is a suspended-growth process treatment unit. The aerated lagoon 

system consists of a large earthen lagoon or basin that is equipped with mechanical 

aerators to maintain an aerobic environment and to prevent settling of the suspend 

biomass. It is provided with inlet at one end and outlet at the other end to enable the 

wastewater to flow through and to retain for the specified detention time. Initially, the 

population of microorganisms in an aerated lagoon is much lower than that in an ASP 

because there is no sludge recycles. Therefore, a significantly longer residence time is 

required to achieve the same effluent quality. However, this longer residence time 

may be an advantage when complex organic chemicals are to be degraded. Also, the 

microorganisms in aerated lagoons are more resistant to process upsets caused by feed 

variations than those in ASP because of the larger tank volumes and longer residence 

times used. The major difference between the ASP and aerated lagoons is that in the 

latter settling tanks and sludge recirculation arrangements are absent. The aerated 

lagoons may be provided with maturation pond for further treatment of effluent as 

shown below (Principe of Aerated Lagoon, www.thewatertreatments.com). 

 
 

Figure 2.11: Aerated Lagoon (www.thewatertreatments.com) 

 

OPERATION 

 
Aerated lagoons are activated sludge units operated without sludge return. 

Historically they were developed from waste stabilization ponds in temperate climates 

where mechanical aeration was used to supplement the algal oxygen supply in winter. 

It was found, however, that soon after the aerators were put into operation the algae 
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disappeared and microbial flora resembled that of activated sludge. Aerated lagoons 

are now usually designed as completely mixed non-return activated sludge units. 

Floating aerators are most commonly used to supply the necessary oxygen and mixing 

power (Mara, 1976). 

 

Aerated lagoons achieve BOD5 removal > 90 percent at comparatively long retention 

times (2-6 d); retention time < 2 d are not recommended as they are too short to 

permit the development of a healthy flocculent sludge (even so the activated sludge 

concentration is only 200-400 mg/l, in contrast to the 2000-6000 mg/l found in 

conventional system and oxidation ditches). They are often useful as pretreatment 

units before a series of ponds, particularly when used as a second stage of 

development to extend the pond capacity. In common with all activated sludge 

systems, aerated lagoons are not particularly effective in removing bacteria. FC 

reductions are only 90-95 percent and further treatment may therefore be necessary 

(Mara, 1976). 

 

DESIGN 

The rate of oxidation of a waste in an aerated lagoon has been found to be well 

approximated by a first order equation, e.g. equation 2.14: 

	
∗     2.14 

Now, Le is the BOD5 of the effluent which is due to two separate fractions:  

(1) The small amount of the influent not oxidized in the lagoon and  

(2) The bacterial cells synthesized during oxidation. 

These fractions are generally referred to as the 'soluble' and 'insoluble' BOD 

respectively. It is convenient (and in fact conceptually more correct) to apply first 

order kinetics only to the removal of the soluble fraction: 

 

∗        2.15   

 

Where Fe = soluble BOD5 in the effluent (i.e. the fraction of the influent BOD5 which 

escapes oxidation, mg/l 
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k = first order rate constant for soluble BOD5 removal d-1 

 
It should be noted that all the influent BOD5 is assumed to be soluble (i.e. Fi = Li). 

The retention time in the lagoon is 2-6 d, with 4 d as the most usual value. A typical 

design value of k is 5 d-1 at 20o C; its value at other temperature can be estimated from 

the equation: 

 kT = 5(1.035) T-20     2.16 

 

The quantity of bacteria synthesized in the lagoon is related to the quantity of soluble 

BOD5 oxidized: 

      2.17 

Where X = cell concentration in lagoon, mg/l 

           Y= yield coefficient  

 

Y is typically 0.6 to 0.7. On a finite time basis, say one retention time, equation 2.17 

can be rewritten for the whole lagoon as: 

∗ ∗  

Where V = lagoon volume, m3 

 

The rate of cell synthesis must be balanced by the sum of the rated which cells leave 

the lagoon in the effluent and at which they die in the lagoon. The rate at which the 

cells leave the lagoon is QX where Q is the flow through the lagoon. The rate at which 

some of the cells in the lagoon die is proportional to the quantity of cells present; it is 

usually given as bXV where b is the rate of autolysis in d-1; typically b = 0.07 d-1 at 

20o C. Thus: 

∗      2.18 

       
                  =                         +  
 

 

Rearranging and writing V/Q as t*: 

Rate of 
synthesis 

Rate of 
autolysis 

Rate of loss 
in effluent 
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   ∗      2.19 

This quantity of cells X can be converted to an equivalent ultimate BOD by 

considering the chemical equation for their complete oxidation: 

 

C5H7NO2 + 5O2  5CO2 + 2H2O + NH3 

(Cells) 

113             5*32 

 

Thus 1 g of cells has an ultimate BOD of (5*32/113) = 1.42 g. Since BOD5/BODu = 

2/3, 1 g of cells has a BOD5 of 0.95 g. Thus the effluent BOD5 Le is given by: 

Le = Fe + 0.95 X      2.20 

 

Oxygen requirement 

 
The quantity of oxygen required for bio-oxidation is the amount of total ultimate 

BOD removed: 

Ro2=1.5(Li-Le)*Q      2.21 

 
Substituting equation 2.21 

Ro2=1.5(Li-Fe)*Q - 1.42XQ     2.22 

 
i.e. the oxygen requirement is the ultimate soluble BOD removed less the ultimate 

BOD due to the cell wasted in the effluent (Mara, 1976). 

 

2.8.5 Advanced Wastewater Treatment  

Primary and secondary treatment removes the majority of BOD and Suspended Solids 

found in wastewaters.  However, in an increasing number of cases this level of 

treatment has proved to be insufficient to protect the receiving waters or to provide 

reusable water for industrial and/or domestic recycle.  Thus, additional treatment steps 

have been added to wastewater treatment plants to provide for further organic and 

solids removals or to provide for removal of nutrients and/or toxic materials.   
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For the purposes of this lesson, Advanced Wastewater Treatment will be defined as:   

any process designed to produce an effluent of higher quality than normally achieved 

by secondary treatment processes or containing unit operations not normally found in 

Secondary Treatment.  The above definition is intentionally very broad and 

encompasses almost all unit operations not commonly found in wastewater treatment 

today. (Advanced Wastewater Treatment, http://water.me.vccs.edu) 

 
Types of Advanced Wastewater Treatment  
 
Advanced Wastewater Treatment may be broken into three major categories by the 

type of process flow scheme utilized:   

 

 1. Tertiary Treatment 

 2. Physical-Chemical Treatment 

 3. Combined Biological-Physical Treatment 

 

Tertiary treatment may be defined as any treatment process in which unit operations 

are added to the flow scheme following conventional secondary treatment.  Additions 

to conventional secondary treatment could be as simple as the addition of a filter for 

suspended solids removal or as complex as the addition of many unit processes for 

organic, suspended solids, nitrogen and phosphorous removal. Physical-chemical 

treatment is defined as a treatment process in which biological and physical-chemical 

processes are intermixed to achieve the desired effluent.  Combined biological-

physical-chemical treatment is differentiated from tertiary treatment in that in tertiary 

treatment any unit processes are added after conventional biological treatment, while 

in combined treatment, biological and physical-chemical treatment are mixed.   

 

Another way to classify advanced wastewater treatment is to differentiate on the basis 

of desired treatment goals.  Advanced wastewater treatment is used for:   

 

 1. Additional organic and suspended solids removal 

 2. Removal of nitrogenous oxygen demand (NOD) 

 3. Nutrient removal 
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 4. Removal of toxic materials 

 

In many, if not most instances today, conventional secondary treatment gives 

adequate BOD and suspended solids removals.  Additional organic and suspended 

solids removal by advanced treatment necessary for the following reasons: 

 

1. Advanced wastewater treatment plant effluents may be recycled directly or 

indirectly to increase the available domestic water supply. 

2. Advanced wastewater treatment effluents may be used for industrial process 

or cooling water supplies. 

3. Some receiving waters are not capable of withstanding the pollutional loads 

from the discharge of secondary effluents. 

4. Secondary treatment does not remove as much of the organic pollution in 

wastewater as may be assumed. 

 

The first three reasons for additional organic removal through advanced wastewater 

treatment are simple.  The fourth requires some explanation.  The performance of 

secondary treatment plants is almost always measured in terms of BOD and SS 

removals.  A well designed and operated secondary plant will remove from 85 to 95% 

of the influent BOD and SS.  However, the BOD test does not measure all of the 

organic material present in the wastewater.  An average secondary effluent may have 

a BOD of 20 mg/L and a COD of 60 to 100 mg/L.  The average secondary plant 

removes approximately 65% of the influent COD.  Thus, when high quality effluents 

are required, additional organic removals must be accomplished. In addition to the 

organic materials remaining in most secondary effluents, there is an additional oxygen 

demand resulting from the nitrogen present in the wastewater.   

 

In wastewaters, much of the nitrogen is found in the form of ammonia.  When 

secondary treatment is used, a great deal of this ammonia is discharged in the effluent.  

Bacteria can utilize this ammonia as an energy source and convert ammonia to nitrite 

and nitrate.   
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NH3 + O2 + Bacteria = ® NO2 + O2 + Bacteria ®NO3  

 

Another reason for advanced wastewater treatment may be to remove nutrients 

contained in discharges from secondary treatment plants.  The effluents from 

secondary treatment plants contain both nitrogen (N) and phosphorous (P).  N and P 

are ingredients in all fertilizers.  When excess amounts of N and P are discharged, 

plant growth in the receiving waters may be accelerated.  Algae growth may be 

stimulated causing blooms which are toxic to fish life as well as aesthetically 

unpleasing.  Fixed plant growth may also be accelerated causing the eventual process 

of a lake becoming a swamp to be speeded up.  Therefore, it has become necessary to 

remove nitrogen and phosphorous prior to discharge in some cases.   

 

Toxic materials, both organic and inorganic are discharged into many sewage 

collections systems.  When these materials are present in sufficient quantities to be 

toxic to bacteria, it will be necessary to remove them prior to biological treatment.  In 

other cases, it is necessary to remove even small amounts of these materials prior to 

discharge to protect receiving waters or drinking water supplies.  Thus, advanced 

wastewater treatment processes have been used in cases where conventional 

secondary treatment was not possible due to materials toxic to bacteria entering the 

plant as well as in cases where even trace amounts of toxic materials were 

unacceptable in plant effluents.  (Advanced Wastewater Treatment, 

http://water.me.vccs.edu) 

 

Nitrification  

Biological nitrification may be used to prevent oxygen depletion from nitrogenous 

demand (NOD) in the receiving waters.  Nitrification is simply the conversion of 

ammonia to nitrate in the treatment plant rather than in the receiving water.  

Nitrification may be carried out in the same tank as BOD removal or in a separate 

stage.  Nitrification may be carried out either in activated sludge flocs or in fixed 

films.   
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Regardless of the particular scheme chosen, the same basic requirements for 

nitrification must be maintained:   

 1. Oxygen level 

 2. Loading rates 

 3. Solids retention time 

 4. Alkalinity 

 5. pH 

 6. Freedom from toxic materials 

 7. Temperature 

Sufficient oxygen must be available for nitrification to occur.  Approximately 4.5 

pounds of dissolved oxygen are required for the conversion of 1 pound of ammonia to 

nitrate.  Dissolved oxygen sufficient to satisfy the remaining BOD is also required.  In 

activated sludge plants the mixing requirement of the basins must also be considered.  

Generally, dissolved oxygen levels of approximately 2 - 3 mg/L are recommended for 

nitrification. The bacteria responsible for nitrification reproduce at a much slower rate 

than those responsible for BOD removal.  Thus, the danger always exists for the 

"wash out" of the nitrifying organisms.  That is, unless the nitrifying bacteria 

reproduce at the same or greater rate than they are removed from the system (by waste 

sludge) then the population of bacteria will be insufficient to carry out nitrification.  

For this reason, nitrification systems are operated at higher return sludge rates than 

conventional secondary treatment.  The amount of sludge to be wasted is significantly 

less than from a conventional activated sludge system.   

 

Nitrification systems are sensitive to pH variation.  Optimum pH has been found to be 

approximately 7.8 to 9.0.  Reductions in nitrification have been found outside this 

range.  Alkalinity is also destroyed during nitrification.  Theoretically, 7.2 pounds of 

alkalinity are destroyed in converting 1 pound of ammonia to nitrate.  In low 

alkalinity wastewaters, Quick lime (CaO) or Ca(OH)2 is often used to provide 

alkalinity and pH control.   

 

Generally, the influent BOD to nitrification systems has not been found to effect 

performance.  However, sufficient oxygen must be provided for the organic demand 
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and organic shock loads must be avoided.  (Advanced Wastewater Treatment, 

http://water.me.vccs.edu) 

 

Biological Denitrification  

Biological nitrification satisfies the nitrogenous oxygen demand by converting NH3 to 

NO3.  In some applications, such as discharge into enclosed bodies of water or recycle 

to water supplies, nitrification may not be sufficient.  When nitrogen removal is 

required, one of the available methods is to follow biological nitrification with 

biological denitrification.   

 

Denitrification is accomplished under anaerobic or near anaerobic conditions by 

bacteria commonly found in wastewater.  Nitrates are removed by two mechanisms:  

(1) Conversion of NO3 to N2 gas by bacterial metabolism and (2) conversion of NO3 

to nitrogen contained in cell mass which may be removed by settling.   

 

In order for denitrification to occur, a carbon source must be available.  Most 

commonly, methanol is used.  The methanol must be added in sufficient quantity to 

provide for cell growth and to consume any dissolved oxygen which may be carried 

into the denitrification reactor.   

Usually 3 to 4 pounds of methanol per pound of nitrate are required.  Careful control 

of methanol feed is necessary to prevent waste of chemicals.  In addition, if excess 

methanol is fed to the system, unused methanol will be carried out in the effluent 

causing excessive BOD.   

 

Denitrification may be carried out in either a mixed slurry reactor or in fixed bed 

reactors.  Denitrification filters carry out both denitrification and filtration in the same 

unit.  Mixed slurry systems consist of a denitrification reactor, reaeration basin and 

clarifiers.  Reaeration prior to clarification is required to free the sludge from trapped 

bubbles of nitrogen gas.   

Denitrifying bacteria grow very slowly and are extremely sensitive to temperature.   
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Denitrification rates have been shown to increase five-fold when the temperature is 

increased from 10°C to 20°C.  Thus, operating parameters such as sludge age and 

retention time must be varied with temperature.   

 

The pH in denitrification systems must be carefully controlled.  The optimum pH is 

from 6.0 to 8.0.   

 

Denitrification is a very sensitive and difficult process to operate.  Little full scale 

operational experience is available.  Constant monitoring of pH, methanol feed and 

temperature is essential to successful operation.  (Advanced Wastewater Treatment, 

http://water.me.vccs.edu) 

Filtration  

Granular media filtration to remove those suspended and colloidal solids which are 

carried over from previous unit processes is a common unit process in advanced 

wastewater treatment.  Effluents of less than 10 mg/L BOD and 5 mg/L suspended 

solids are not uncommon for effluents from biological treatment processes after 

filtration.   

Gravity filters similar to rapid sand filters are sometimes used.  Often a combination 

of filter medias, such as anthracite coal and sand are used to provide coarse to fine 

filtration as the water passes through the filter.  The water passes through the filter 

media and support gravel and is then collected by the underdrain system.  As filtration 

proceeds, the headloss through the filter increases until it reaches an unacceptable 

level or until solids breakthrough occurs and the effluent becomes unacceptable.  

When either the headloss becomes excessive or solids breakthrough occurs, the filter 

is backwashed.   

 

Gravity filters are generally run at 1.5 to 2.5 gpm per square foot.  Pressure filters are 

used to obtain filter rates up to 6 gpm per square foot.  Ideally, filters are designed to 

have the solids in the effluent and the headloss reach their allowable levels at the 

same time.  (Advanced Wastewater Treatment, http://water.me.vccs.edu) 
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CHAPTER THREE 

METHODOLOGY  
 
 
3.1 Introduction 
 

The following chapter details the materials and methods used during this study. The 

chapter deals with the location of sampling point, experimental setup, parameter 

considerations experimental methodology and treatment approaches adopted in this 

research. 

 
3.2 Selection of Pharmaceutical Industry 
 
There are 258 pharmaceutical industries in Bangladesh (www.ddabd.org). It is very 

difficult to study all of them. Almost all pharmaceutical industries do not produce 

medicine directly from raw materials. They just formulate the medicine from 

intermediate products, exported from different countries. In Bangladesh one of the 

leading pharmaceutical industry is Navana Pharmaceutical Ltd. Navana 

Pharmaceuticals Ltd. is a Business Unit of Islam Group, which is one of the largest 

group of Industries in Bangladesh having diversifying activities like Real estate, 

Construction, Information Technology, Banking, Fertilizer, Medical College and 

Hospital, Pharmaceuticals, Nursing Institutes, Agro and Poultry products and some 

other Business lines (www.navanapharma.com). It has been estimated that total amount 

of liquid effluent from Navana Pharmaceutical Ltd. would be around 1.5 m3/hr. Hence, 

it was selected for collection of sample of pharmaceutical liquid waste for case study. 

The effluent treatment system of Navana Pharmaceuticals will be discussed in 

Chapter four of this report. 

 
3.3 Sample Collection 
 
For the analysis of liquid industrial waste, sampling was very important. Sample 

should be representative in nature. The best representative sampling point was 

selected at the influent point of the effluent treatment plant. The industry has three 
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departments in its plant. These are Tablet, Liquid Syrup and Dry Syrup and Capsule. 

A combined effluent from these three plants discharges to the ETP. The combined 

liquid waste of Navana Pharmaceutical Ltd. was collected and brought to the 

Environmental Engineering lab for test. 

 

3.4 Experimental Setup 
 
To treat the sample different treatment options and their effects was observed. 

Chemical treatment was performed using jar test. Five jars were used for five dose of 

alum. Using jar test apparatus five samples were tested. 

 

Biological treatment was done in graduated cone shape reactor. The base of the cone 

was 10 centimeter in diameter. Height of the cone was 32 centimeter. The volume of 

the reactor was 1.4 liter. It was made of glass fiber. The reactor was mounted on a 

wooden framework. 

 

Aeration in the reactor was done with the help of compressor. The end of the pipe 

from the compressor was submerged in the lowest part of the reactor. The 

compressors were operate in such a manner that the biomass kept suspended during 

the treatment period. 

 

3.5 Parameter Considered 
 

The parameters considered for the efficiency determination of ETPs bases on 

following reasons: 

 

BOD5: Biochemical oxygen demand is the measurement of the biodegradable organic 

matter present in the wastewater. Biodegradable organic matter has some serious 

environmental significance. They use up the dissolve oxygen during biological 

degradation that result in undesirable conditions in environment significantly for 

aquatic life. To protect the environment from harmful effect of BOD, the industries 

need to conform to the BOD5   standard set by DoE before discharging their effluent. 
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COD: Chemical oxygen demand is the measurement of organic content present in 

wastewater. The oxygen equivalent of organic matter that can be oxidized is measured 

by using a strong chemical oxidizing agent in an acidic medium. The COD test result 

helps to determine the suitability of biological treatment of pharmaceutical effluent. 

From BOD and COD values one can identify the amount of biodegradable and non-

biodegradable organic matter present in wastewater and also determine the treatment 

options for pharmaceutical effluents.  

 

Color: Although as a health and environmental issue color is less a concern than 

many of the other parameters. Reducing color is important for the public perception of 

a factory. Therefore, although not mandatory by the environmental conservation rules 

(ECR, 97) removal of color should be considered while treatment of pharmaceutical 

liquid waste.  

 

Turbidity: There is no discharge standard for turbidity in the environmental 

conservation rules 1997. But as of color, turbidity is also important for the public 

perception of a factory. Therefore, the industries are more interested in removing 

turbidity than other environmentally hazardous parameters. 

 

TDS: Total dissolved solids is the dissolved portion of the solids present in the 

wastewater. Discharge of TDS beyond limit makes the receiving water unsuitable for 

uses in agricultural purpose. Before discharging effluent pharmaceutical industries 

must meet the discharge standard 2100mg/l. 

 

TSS: Total suspended solids are the potions of the solids present in the wastewater 

that can be remove by filter. It causes sludge deposits and anaerobic condition in 

aquatic environment. According to the environmental conservation rules 1997 the 

pharmaceutical industries are required to meet the TSS discharge standard.   

 

EC: Pure water is not a good conductor of electricity. The electrical current is 

transported by the ions in solution. The conductivity increases as the concentration of 

the ions increases. TDS (Total Dissolved Solid) is a measure of the total ions in 
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solution. EC is actually a measure of the ionic activity of a solution in terms of its 

capacity to transmit current. EC is an important factor of electromagnetic coagulation 

process because current flow across the circuit depends on the electrical conductivity 

of wastewater. 

 

MLSS: The MLSS is the mixture of solids resulting from combining recycled sludge 

with influent wastewater in the bioreactor (ASP aeration tank). MLSS is an important 

factor for biological treatment process. MLSS is the indicator of MLVSS which 

indicates the microorganism quantity in the reactor. MLSS is an important indicator 

for quality of water treatment. The standard method for MLSS determination is given 

in Appendix B (AWWA, 1998).  

 
3.6 Experimental Methodology 
 
In this section the overall experimental methodology has been explained. After 

transporting into the laboratory the wastewater samples were analyzed to determine 

the characteristics. For this research work the samples were analyzed for several 

parameters including pH, 5 day Biochemical Oxygen Demand (BOD5), Chemical 

Oxygen Demand (KMnO4 value), Color, Turbidity, TDS, TSS, Dissolved oxygen, 

Electric Conductivity and heavy metals (Cd, Cr, Pb, Zn, Cu, and Ni). The tests of 

those parameters were performed following standard methods (AWWA, 1998).  

 

Coagulation test was performed using jar test apparatus. For proper mixing the 

coagulant was not added in powder form. Instead, a stock solution of alum was 

prepared. For the coagulation purpose five beakers were filled with wastewater 

sample up to 1 liter mark and. Alum dose were applied in five different doses varied 

from 50 to 250 mg/l. The beakers were placed under the stirring machine (jar test 

apparatus) and the mixing machine was started instantly after adding stock solution. 

The samples were subjected to a rapid mixing (45 rpm) for one minute. After that the 

samples were mixed for 14 minutes by rotating the stirrer at a slow speed. The beaker 

was then taken out of the stirring machine and the flocs formed during the coagulation 

process were allowed to settle for 15 minutes. Then the samples from each beaker 

were collected and tested for color, turbidity and COD.  
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Biological treatment was done in graduated cone of glass fiber as modified aerated 

lagoon type reactor. Figure 3.1 shows the experimental setup of biological treatment 

in graduated cone cylinders. Samples were prepared in five different pH values to 

observe the effectiveness of the treatment in different pH level (5, 6, 6.5, 7 and 8) in 

different reactor with wastewater and maintain the volume of the reactor as 1 liter. 

The wastewater was than subjected to aeration by the compressor for four days. After 

aeration the wastewater in the reactor was kept calm and the suspended solids were 

allowed to settle for about half an hour. The supernatant of the treated wastewater was 

tested to determine BOD5, COD, color, turbidity, DO and EC. Flow chart of treatment 

unit of this process is given in Figure 3.2. 

 

Figure 3.1: Biological treatment in graduated cone cylinders 

  

     

 

  

 

 

 

Figure 3.2: Flow chart of treatment unit by aerated lagoon process 

Aerated lagoon 
treatment 
pH:5 to 8

Sedimentation 
Settling time: 30min 

Treated 
Effluent 

Raw Effluent 
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Another Biological treatment was done in graduated cone of glass fiber as activated 

sludge process type reactor. In the laboratory raw effluent characteristics were 

determined by testing the wastewater for pH, BOD5, COD, and turbidity. Sludge was 

collected from the existing ETP. MLSS of collected sludge was found 1400 mg/l. The 

cone was filled with sludge. Raw effluent sample was poured into the graduated cone 

up to l liter mark. After pouring the liquid aeration was started. Prior to aeration 

nutrient (N and P) was added to aeration tank at the ratio of COD: N: P = 100:5:1. 

After 8 hour aeration was stopped and the sludge in the liquid was allowed to settle 

for half an hour. The supernatant liquid was then tested for pH, BOD5, COD turbidity, 

TSS, TDS and MLSS. Flow chart of treatment unit of this process is given in Figure 

3.3. 

 

 

                                                                                           Nutrient addition (N and P) 

                                                                                           Ratio (COD: N: P = 100:5:1) 

 

     

      

     

  

  

                                              

                                                      

 

Figure 3.3: Flow chart of treatment unit by activated sludge process 
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Raw Effluent 
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CHAPTER FOUR 

EXISTING TREATMENT FACILITY OF NAVANA PHARMACUTICALS LTD.  
 
4.1 Introduction 
 
Navana Pharmaceuticals Ltd. has ETP having a design capacity to treat 20 m3 effluent 

per day. Presently the wastewater flow rate is 15 m3 per day. It was constructed by 

Development Design Consultants Ltd. (DDC) under the supervision of Khan 

Associates Ltd. The ETP runs 10 hours a day. The ETP is based on physicochemical 

treatment unit followed by biological treatment unit. Activated sludge method has 

been used in the design of the biological treatment unit. Following activated sludge 

treatment unit, a tertiary treatment is done with the help of filtration unit. Flow 

diagram of navana Pharmaceuticals Ltd. has been shown in figure 4.1.  

 
4.2 Location of the Industry 
 
Navana Pharmaceutical Ltd. is situated in Rupganj of Narayanganj district. From 

Dhaka after crossing Kanchpur Bridge we have to turn left towards Dhaka-Sylhet 

highway. On the highway there is a local market called Rupshee bazaar. From there, 

there is a narrow road to the left. By car it takes around ten minutes to reach the 

factory. 

 
4.3 Types of Liquid Waste 
 

The industry has three departments in its plant. These are Tablet, Liquid Syrup and 

Dry Syrup and Capsule. A combined effluent from these three plants was collected. 

Table 4.1 and 4.2 shows the daily quantity of liquid wastes from different departments 

of the industry. 
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Table 4.1: Waste generated from Navana Pharmaceuticals Limited  

 

Sl.No.  Department Production Area 
Daily Quantity  

in Liter 
Remarks 

1 Tablet 

Granulation  400   
  

Quantity is 
based on 
Machine 
and Floor 
Cleaning 
done after 
average 

production 
cycle. 

 
Quantity 
may vary 

due change 
of 

production. 
  

 

Compression 100 

Blending 150 

Coating 300 

Washing Bay  150 

2 Liquid Syrup  250 

3 
 

Dry Syrup 
Capsule 

Dry Syrup Blending 80 

 Dry Syrup Filling 100 

Capsule Blending 150 

Capsule Filling 210 

Washing bay 110 

 Total 2000 Liters    
 
Source: Khan Associates, 2006 
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Table 4.2: Waste generated from Navana Healthcare Limited  

 

SL. No. Department Machine Name 
Daily 

Quantity 

in Liter 
Remarks 

1. Capsule and 
Dry Syrup 

Hot air tray dryer 400 

Quantity is 
based on 
Machine and 
Floor 
cleaning 
done after 
average 
production 
cycle. 
 
Quantity 
may vary 
due to 
change of 
production. 

Multi-mill 20 

Vibro-Sifter-2 40 

Double Cone Blender-2 700 

Automatic Powder Filling  700 

Automatic Capsule Filling 
Machine 

20 

Automatic Glue Labeling 
Machine 

20 

Rotary Bottle Wash 2900 

Wash Bay 20 

2. Dry Vial  

Automatic Glue Labeling 
Machine 

20 

Automatic Vial washing 
Machine 

500 

Dry Heat Sterilizer 450 

Bung Processor 2500 

Vial Powder Filling 
Machine 

20 

Vial Sealing Machine 20 

Wash Bay 20 

3. Water 
Treatment 

Water Treatment Plant 2750 

Distillation Plant 750 

4. Quality 
Assurance 

Wash Bay 150 

Total  12000 Lts  

Source: Khan Associates, 2006 
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4.4 Details of Existing Effluent Treatment Plant 
 
(Khan Associates, 2006) 
 

Existing Effluent Treatment Plant of Navana Pharmaceutical Ltd. was designed using 

following parameters and processes:  

Quantity of Effluent: 1.5 m3/hr 

Treatment Plant Capacity: 2 m3/hr 

Operation Hours: 10 Hrs/Day 

Type of Treatment: Equalization, Clari-flocculation followed by Aerobic Biological 

Degradation and Regenerative Adsorption.     

Table 4.3: Inlet and Outlet Characteristics 

Parameters Inlet Outlet 

pH 9-12 7-7.5 

BOD, mg/l 20-500 <100 

COD, mg/l 900-1600 <300 

Suspended Solids, mg/l 200-250 <100 

Color Colored Colorless 

 

4.4.1 Process Flow 

Primary physical treatment:  effluent shall be screened and de-oiled by passing 

through screen chamber and oil and grease and then shall be drained into the 

collection cum equalization tank equipped with air purging system comprising of 

diffused air aeration system for dampening of flow and concentration variations. 

 

Primary chemical treatment:  the air purged effluent shall be pumped to reaction 

tank wherein, optimum amount of flocculants shall be dosed for solids to be settled as 

sludge in primary clarifier. 

 

Secondary biological treatment: the clarified overflow shall be let in to the aeration 

tank for biodegradation of dissolved organics. Provision shall be maintained to 

recycled bio-sludge to aeration tank as and when required. 
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Raw 
Effluent 

Equalization 
Tank 

Flash 
Mixture 

Raw Water + Chemical 
Primary 
Clarifier 

Secondary 
Clarifier 

Aerator 

Aeration 
tank 

Filtration 
tank 

Sludge 
Holding 
Tank 

Waste 
Activated 
Sludge 

Screen 
chamber 

Sludge management: sludge from the primary clarifier and secondary clarifier shall 

be pumped to sludge drying bed, which is an all season and space saving option over 

conventional sludge drying beds. After getting thick sludge from sludge drying beds 

effluent will be stored for 6 months and then it will be dumped on client’s own land. 

Storage place will be given by the client in their factory shed.  

 

Treated effluent disposal: treated effluent shall be disposed of in the canal just 

beside the factory. 

 

The process flow diagram and the view of existing effluent treatment plant are shown 

in figure 4.1 and 4.2.  

 

      

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Process flow diagram of Existing ETP (Khan Associates, 2006) 

 

Pump 
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Figure 4.2: View of Existing ETP 

 

Table 4.4: Chemical Used for the Treatment Process 

Chemical consumption Dosage ( ppm ) Qtty. / Day (kg.) 

1)   Lime 500 250 

2)   Alum / FeSO4 600 300 

3)   Polyelectrolyte 15 7.5 

                                       

4.4.2 Reduction in Different Stages 

Primary physical treatment: total pollution level will be reduced by 10 % and the 

retention period is maximum 12 (twelve) hour in this stage. 

 

Primary Chemical Treatment: remaining pollution level will be reduced by 40% and 

retention period will be 9 (nine) hour in this stage. 

 

Secondary biological treatment: remaining pollution level will be reduced by 80% and 

retention period will be 16 (Sixteen) hours in this stage. 
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Tertiary treatment / regenerative Adsorption: remaining pollution level will be 

reduced by 15% and retention period will be 3 (three) hours in this stage. 

 

The layout plan and details of the existing ETP was collected from Khan Associates. 

The layout plan and details of different chambers are shown from the figure 4.3 to 

4.7: 

 
 

Figure 4.3: Layout Plan of Existing ETP of Navana Pharmaceutical Ltd. 

 

   
 
Figure 4.4: Figure showing detail and view of Primary clarifier of Existing ETP 
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Figure 4.5: Figure showing detail and view of Secondary clarifier of Existing 
ETP 

 

 
 

Figure 4.6: Detail of Filtration Unit and Sludge drying bed of Existing ETP 
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Figure 4.7: View of Sludge holding tank and drying bed of Existing ETP 

 

4.4.3 Dimensions of Different Chambers 

Screen Chamber 

3’-8.5”X2’-0”X6’-3” chamber with two sets of screen having diameter of 3mm and 

6mm. It was set with an inclination of 45 degree to the ground. 

 

Equalization Tank  

Retention period 8 hour  

Volume of equalization tank = 2X8X35.29 = 564.64 ft3 

Depth was taken 7’-2”. So area = 564.64/7.16 = 78.86 sft 

The required length X width X depth = 9’-3” X 11’-3.5” X 7’-2” 

 

Flash Mixer 

Retention period 10 minute  

Volume of Flash Mixer = 2 X (10/60) X 35.29 = 11.63 ft3 

Depth was taken 4 ft. So area = 11.63/4 = 2.98 sft 

The required length X width X depth = 3’-2” X 1’-8” X 4’-0” 

 

Clariflocculator 

Retention period 2 hour  

Volume of Clariflocculator = 2 X 2 X 35.29 = 141.16 ft3 

Height was taken 7ft. So area = 141.16/7 = 20.16 sft 

Diameter 5 ft 
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The required dia X height = 5’-0” X 7’-0”  

 

Aeration Tank 

Retention period 8 hour 

Volume of Aeration tank = 2X8X35.29 = 564.64 ft3 

Depth was taken 7’-2”. So area = 564.64/7.16 = 78.86 sft 

 

The required length X width X depth = 15’ X 11’-3.5” X 7’-2” 

 

Secondary Clarifier 

Retention period 2 hour 

Volume of secondary clarifier = 2 X 2 X 35.29 = 141.16 ft3 

Height was taken 7’-2”. So area = 141.16/7.16 = 19.72 sft 

 

The required length X width X depth = 10’-9.5” X 5’-10” X 7’-2” 

  

Sludge Holding Tank 

Provide length X width X depth = 4’-6.5” X 4’-7.5” X 7’-2” 

 

Sludge Drying Bed 

Provide length X width X depth = 8’-8” X 3’-8” X 1’-6” 

 
4.5 Performance of Existing ETP 
 
Samples from different chambers of ETP were collected to evaluate the performance 

of existing ETP. Samples were collected from equalization tank, aeration tank, 

secondary clarifier and filtration unit. The samples were then tested in Environmental 

engineering laboratory of BUET. The test results are presented in the table 4.5 below. 
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Table 4.5: Performance of existing ETP 

Parameters Influent Equalization 

Tank 

Aeration 

Tank 

Secondary 

Clarifier 

Filtration 

Unit 

COD, mg/l 409 360 260 64 22 

Color, Pt-Co 65 60 32 30 20 

Turbidity, NTU 40 34.9 26.7 12.9 2.36 

 

From the above table it is observed that COD of the influent was 409 mg/l. After 

screening at equalization tank it became 360 mg/l. There was a chemical treatment 

unit followed by biological treatment. Effluents from chemical treatment are 

discharged into aeration tank where COD value was found to be 260 mg/l. Aeration 

reduces the value of COD to 64 mg/l which was found in secondary clarifier. Finally 

after clarification at filtration unit residual COD became 22 mg/l. Similarly, Color 

reduced to 20 Pt-Co from 65 Pt-Co and turbidity reduced to 2.36 NTU from 40 NTU 

at filtration unit. 
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CHAPTER FIVE 

RESULTS AND DISCUSSIONS 
 

5.1 Introduction 
 
Pharmaceutical wastewater if disposed with insufficient treatment may leads to great 

damage to the environment and groundwater resources. General treatment cannot be 

used for every pharmaceutical wastewater due to its variable composition (Saleem, 

2007). Determination of the characteristics of pharmaceutical liquid waste is 

necessary for the assessment of the treatment requirement, treatability and mode of 

treatment. This is also important for the determination of the treatment efficiency of 

effluent treatment plants. Characteristics of typical pharmaceutical effluent have been 

described in Chapter 2. In this chapter, characteristics of the collected effluent has 

been analyzed and discussed. Several parameters have been tested to determine the 

characteristics. These are pH, BOD5, COD, TSS, TDS, color, turbidity, DO, EC and 

heavy metals. The justification of choosing these parameters has been discussed in 

section 3.5 of chapter three. This chapter describes the performance of three types of 

systems considered in the study for treatment of pharmaceutical waste water. 

 
5.2 Characteristics of Raw Pharmaceutical Liquid Waste 
 
In order to ascertain treatability of the pharmaceutical liquid wastes, the characteristic 

parameters were measured. Important parameters include pH, color, turbidity, BOD, 

COD, total solids, suspended solids etc. These parameters were measured at 

Environmental Engineering Laboratory, BUET and given in Table 5.1. 
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Table 5.1: Characteristics of liquid waste of Navana Pharmaceutical Ltd. 

Parameter Sample 1 Sample 2 

Bangladesh 
Standard 

(Discharged 
into inland 

surface 
water) 

Bangladesh 
Standard  
(Public 
Sewer 

secondary 
treatment 

plant) 

Bangladesh 
Standard  
(Irrigated 

Land) 

pH 6.95 6.81 6-9 6-9 6-9 

Color, Pt-Co 65 72 ___ ___ ___ 

Turbidity, 

NTU 
40 91.2 ___ ___ ___ 

T.D.S, mg/l 675 696 2100 2100 2100 

S.S, mg/l 76 88 150 500 200 

BOD5, mg/l 190 200 50 250 100 

COD, mg/l 409 349 200 400 400 

DO, mg/l 1.23 1.3 4.5-8 4.5-8 4.5-8 

EC, micro-

mho/cm 
807 815 1200 1200 1200 

Cd, mg/l 0 ___ 0.05 0.5 0.5 

Cr, mg/l 0.009 ___ 0.5 1 1 

Pb, mg/l 0.011 ___ 0.1 0.1 0.1 

Zn, mg/l 0.214 ___ 5 10 10 

Ni, mg/l 0.005 ___ 1 1 1 

Cu, mg/l 0.084 ___ 0.5 3 3 

 

From the above table it is seen that pH, total solid, total dissolved solids, suspended 

solids and the selected of metal constituents are within the limits of Industrial Effluent 

Quality Standards of Bangladesh. However BOD5, COD and DO are not within the 

allowable limit and need treatment before disposal. 

 

In this study the BOD5 of the effluent has been found out to be in the range of 190 to 

200 mg/l. According to the environmental conservation rules 1997 set by the 

Government of Bangladesh there are three different effluent discharge standard for 
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BOD5 according to the location of discharge. The standards are 50 mg/l, 250 mg/l and 

100 mg/l for discharge into inland surface water, public sewer at secondary treatment 

plant and irrigated land, respectively. Therefore, to discharge the effluent used in the 

research into inland surface water, effluent treatment plant with over 75 percent BOD5 

removal efficiency is required. 

 

The COD value of the effluent was found to be in the range of 349 to 409 mg/l. The 

COD standards set by the Government of Bangladesh are 200 mg/l, 400 mg/l and 400 

mg/l to discharge into inland surface water, public sewer at secondary treatment plant 

and irrigated land respectively. Therefore, to discharge the effluent into inland surface 

water, effluent treatment plant with over 50 percent COD removal efficiency is 

required. 

  

The treatability of a pharmaceutical waste may be assessed by calculating BOD/COD 

ratio. If the ratio is greater than 0.6, the wastes are biologically treatable without 

acclimatization; 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 micro biological population under a 

controlled condition. 

 

BOD/COD ratio of the Sample 1 was 190/409=0.49 and for Sample 2 was 

200/349=0.57. As the value is greater than 0.3 and less than 0.6, physicochemical and 

biological treatment can be performed to treat the waste. Biological treatment can be 

performed alone while physicochemical treatment should be followed by biological 

treatment. 

 

Color of the wastewater found 65 Pt-Co. Although color in the effluent is an 

important parameter for the people living near the industry and for the industry itself 

to keep its image, there is no standard in the environmental conservation rules 1997 

for the color present in the effluent of the industry. Therefore, it is difficult to 

comment on the color result found in this study based on environmental conservation 
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rule 1997. However, the US EPA standard of color of effluent is 150 Pt-Co. The color 

value of the effluent of Navana Pharmaceuticals is within the limit set by US EPA. 

 

Turbidity of the effluents were measured and found in the range of 40 to 91.2 NTU. 

There is no turbidity standard for the industrial effluent discharge. 

 

The Total Dissolved Solids value of the effluent was found in the range of 675 to 696 

mg/l. The Total Dissolved Solids standards set by the Government of Bangladesh is 

2100 mg/l. The values of Total Dissolved Solids of the samples were within the 

standard. EC varied from 807 to 820 micro-mho/cm. TDS/EC ratio was found to be 

0.83 to 0.85. However, generally TDS/EC ratio varies from 0.55 to 0.9. 

 

Dissolved Oxygen of the wastewater was found 1.23 mg/l which is beyond the 

Bangladesh effluent standard because of higher biodegradable organic matter present 

in the raw effluent of Navana Pharmaceuticals Ltd. 

 

BOD5, COD were found higher and DO was found lower than the standard 

concentration set by DoE. The effluent should be treated prior to discharge into the 

environment. 

 
5.3 Treatment by Coagulation  
 
Combined liquid waste coming out of Navana Pharmaceuticals Ltd. which contain 

residual organic and inorganic load cannot be removed by conventional physical 

treatment only. This can be greatly expedited by the chemical coagulation method. 

Chemical coagulation enhances the sedimentation rate and thereby reduces the 

detention time required in subsequent stages of treatment. Coagulation process was 

employed in this study to reduce turbidity and color and particulate organic matter. 

 

The traditional laboratory test for coagulation tests is jar test. Alum was used as 

coagulant in this test. As described in Chapter 3, alum dose was varied from 50 mg/l 

to 250 mg/l. 
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5.3.1 Effect of Alum Dose on Color Removal 
 
Jar test have been performed for sample 1 to determine the optimum alum dose for 

color removal. Initial pH of the sample was 6.95 and color was 65 Pt-Co. Applied 

alum doses and corresponding color after sedimentation are presented in Figure 5.1. 

The figure shows that color of the wastewater decreased after coagulation and 

sedimentation process with alum dose. However, after a certain alum dose, color 

reduction did not vary in significant amount. 100 mg/l alum dose reduces color by 

50% and 150 mg/l alum dose reduces color by 53% and pH value became 6.5 and 

6.12 respectively which was within the standard limit. For economic consideration 

100 mg/l may be used for satisfactory removal of color. 

 

 
 

Figure 5.1: Effect of Alum dose on color 

5.3.2 Effect of Alum Dose on Turbidity 

Jar test have also been performed for sample 1 to determine the optimum alum dose 

for turbidity removal. Initial turbidity was 40 NTU. Applied alum doses and 

corresponding turbidity and percent removal of turbidity after sedimentation are 

presented in Figure 5.2. The figure shows that turbidity of the wastewater decreases 

rapidly with the increase of alum dose. Though each additional dose reduces turbidity, 

0

10

20

30

40

50

60

70

20

25

30

35

40

45

50

55

60

65

70

0 50 100 150 200 250 300

R
em

ov
al

 E
ff

ic
ie

n
cy

 (
%

)

R
es

id
u

al
 C

ol
or

 (
P

t-
C

o)

Alum Dose (mg/l)

Alum Dose vs Residual Color

Initial Color = 65 Pt-Co



61 
 

additional reduction of turbidity at higher doses is not high. 100 mg/l alum dose 

reduced turbidity by 33% and 150 mg/l alum dose reduced turbidity by 67%. From 

economic consideration 100 mg/l may be used as satisfactory removal of turbidity. 

 

 

Figure 5.2: Effect of Alum dose on turbidity 

 

5.3.3 Effect of Alum Dose on COD 

Jar test have also been performed for sample 1 to determine the optimum alum dose 

for COD removal. Initial COD was 409 mg/l. Applied alum doses and corresponding 

COD and percent removal of COD after sedimentation are presented in Figure 5.3. 

The figure shows COD in the waste sample decreased with the increase alum dose. 

Though each additional dose reduces COD, additional reduction of COD at higher 

doses was not high. 100 mg/l alum dose reduces COD by 9.3% and 150 mg/l alum 

dose reduces COD by 10.5%. Therefore, coagulation process is not effective for COD 

removal of the waste and need biological treatment process to reduce organic load.  
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Figure 5.3: Effect of Alum dose on COD 

 

5.3.4 Optimum Alum Dose 

The optimum dose of coagulant depends upon the type of wastewater, pH, coagulant, 

as well as the criteria chosen to determine the optimum dose (Mehta and Chavan, 

2009). The coagulation-flocculation process was found more efficient for the removal 

of color, turbidity than for the removal of COD. The optimum dose of alum was 

found to be in the range of 100-150 mg/l, with maximum removal efficiency for color, 

turbidity. However, for economic consideration alum dose of 100 mg/l may be taken 

as optimum. At optimum alum, the final pH of the effluent was found to be in the 

standard range. 

 

5.4 Treatment in Modified Aerated Lagoon 

As described above, chemical treatment may be an effective method for color and 

turbidity removal but it could not remove COD effectively. For that biological 

treatment was required. There are different methods of biological treatment. For this 

study at first Aerated lagoon concept was analyzed. The pH of a solution is a key 

factor in the growth of organisms (Metcalf and Eddy, 1991). Few bacteria can tolerate 

acid or alkaline conditions and most bacteria grow only in the neutral range of pH 5-9, 
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with optimum growth usually occurring between pH 6 and 8 (Mara, 1976). Therefore, 

effect of pH on pharmaceutical wastewater was performed. Samples were prepared in 

five different pH values to observe the effectiveness of the treatment in different pH 

level (5, 6, 6.5, 7 and 8). Then aeration was performed continuously for four days by a 

compressor. Removal of different pollutant parameters were tested after one, two and 

four days to determine the optimum aeration time. The results found are described 

below: 

 

5.4.1 Effect of Aeration on Color removal at different pH 

Effect of aeration on color with time is shown in Figure 5.4. The figure shows that 

continuous aeration and pH variation has significant effect on color. Aeration for up 

to 2 days resulted in increase of color. Residual color varied from 198 Pt-Co to 145 

Pt-Co after aeration for one day for pH range 5.0 to 8.0 whereas initial color was 65 

Pt-Co. Maniruzzaman and Rahman, 1996 also showed that initially amount of color 

increases rapidly due to aeration. In their study residual color increased from 75 
oHazen to 310 oHazen in 1945 minutes (Maniriuzzaman and Rahman, 1996). 

However, in this study residual color decreased with increased aeration period. After 

two days of aeration the amount varied from 140 Pt-Co to 115 Pt-Co. After four days 

of aeration minimum residual color was found to be 48 Pt-Co at pH 6.0.  
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Figure 5.4: Effect of Aeration on Color removal at different pH 

 

5.4.2 Effect of Aeration on BOD5 removal at different pH 

Effect of aeration on BOD5 with time is shown in Figure 5.5. The figure shows that 

continuous aeration and pH variation has significant effect on BOD5. Residual BOD5 

varies from 92 mg/l to 52 mg/l during treatment after aeration for one day for pH 

range 5.0 to 8.0 whereas initial BOD5 was 190 mg/l. Residual BOD5 decreases with 

increased aeration period. After two days the amount varies from 72 mg/l to 32 mg/l. 

After four days of aeration minimum residual BOD5 was found to be 8 mg/l at pH 6.0.  
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Figure 5.5: Effect of Aeration on BOD5 removal at different pH 

 

5.4.3 Effect of Aeration on COD removal at different pH 

Effect of aeration on COD with time is shown in in Figure 5.6. The figure shows that 

continuous aeration and pH variation has significant effect on COD. Residual COD 

varies from 196 mg/l to 135 mg/l after aeration for one day for pH range 5.0 to 8.0 

whereas initial COD was 409 mg/l. Residual COD decreases with increased aeration 

period. After two days the amount varies from 156 mg/l to 90 mg/l. After four days of 

aeration minimum residual COD was found to be 49 mg/l at pH 6.0. 
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Figure 5.6: Effect of Aeration on COD removal at different pH 

Figure 5.7 shows change of BOD/COD ratio with time at different pH levels.  

 

Figure 5.7: Change of BOD/COD ratio with time at different pH 

The figure shows that the ratio decreases with time as due to aeration biodegradable 

portion of the wastewater oxidized, thus reducing BOD. However, as COD contains 

biodegradable as well as non-biodegradable organic matters the reduction rate for 

COD was less than BOD. Therefore the ratio decreased with time. 
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5.4.4 Effect of Aeration on DO at different pH 

Effect of aeration on DO with time is shown in Figure 5.7. Initial DO was 1.23 mg/l. 

The figure shows that continuous aeration and pH variation had significant effect on 

DO. Amount of DO increased with increased aeration period. After four days the 

amount was maximum. The pH variation also had significant effect on DO. After one 

day, level of DO went above 4.5 for all pH levels. DO was minimum at pH value 6.5. 

May be organisms were most active at that pH level. Maximum DO was observed in 

pH value 6.0. 

 

 

 
Figure 5.8: Effect of Aeration on DO at different pH 

 

5.4.5 Effect of Aeration on EC at different pH 

Effect of aeration on EC with time is shown in Figure 5.9. Initial EC was 807 micro-

mho/cm at pH 6.95. From figure it is observed that EC increased from initial value 

under all conditions but pH variation had significant effect on EC. Addition of 

acid/base to decrease/increase pH possibly contributed to increase the EC. 

Decomposition products (inorganic) may also contributed to increase EC. 
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Figure 5.9: Effect of Aeration on EC at different pH 

 
5.4.6 BOD5 Removal Rate Constant Calculation  

The rate of oxidation of a waste in an aerated lagoon has been found to be well 

approximated by a first order equation, i.e. equation 1 (Mara, 1976): 

						
	
∗  ……………………… (1) 

Here, 

Le= BOD5 of the effluent 

Li= BOD5 of the influent 

k1= first order rate constant for soluble BOD5 removal, d-1 

t*= retention time in the lagoon, day  

Now, from equation (1) 
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Equation (2) is the equation for calculating rate constant. 

Rate constant calculation for BOD5 using equation (2) is shown in table 5.2 below: 

Table 5.2: Rate constants for BOD5 Removal 

pH 
4 day BOD5 removal 

Rate constant k1 (d
-1) 

5 2.72 

6 5.69 

6.5 4.41 

7 3.71 

8 3.52 

 

From Table 5.2 it is seen that BOD5 removal rate constant k1 was maximum at pH 

level 6.0 at day four and the value was 5.69 d-1. Figure 5.10 shows BOD5 removal 

with time in different pH level. BOD5 removal was maximum at pH 6.0 and lowest at 

pH 5.0. At other pH values there was not much variation.  

 

 
Figure 5.10: Residual BOD5 with time at different pH 
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5.5 Treatment by Activated Sludge Process 

After analyzing Aerated lagoon concept, activated sludge process was analyzed for 

sample 2. After preparing sample, aeration was performed continuously for eight 

hours by a mechanical aerator. Removal of different pollutant parameters were tested 

after eight hours to determine the optimum aeration time. The results are presented in 

Table 5.3. 

Table 5.3: Test Results for different parameters with Activated Sludge Process 

Sl. No. 
WQ 

Parameters  
Unit 

Concentration Percentage 
Removal 0 hour 8 hour 

1 COD mg/l 349 34 90.25 
2 BOD5 mg/l 200 4 98 
3 Color Pt-Co 72 31 56.9 
4 TSS mg/l 88 18 79.5 
5 TDS mg/l 696 481 30.9 
6 Turbidity NTU 91.2 5.97 93.5 
7 MLSS mg/l 1400 1520 __ 

 

From the table it is observed that after eight hours the value of COD became 34 mg/l 

from 349 mg/l and the percentage of removal was 90.25%. That means almost all the 

COD was removed from the effluent. From the table it is also seen that after eight 

hours the value of BOD5 became 4 mg/l from 200 mg/l and the percentage of removal 

was 98%. Color became 31 Pt-Co from 72 Pt-Co and percentage of removal was 

56.9%. After eight hours the value of turbidity became 5.97 NTU from 91.2 NTU and 

the percentage of removal was 93.5%. Therefore, almost all the turbidity was 

removed from the effluent. TSS removal efficiency was 79.5% whereas TDS removal 

efficiency was 30.9%. The value of MLSS became 1520 mg/l from 1400 mg/l after 

eight hours. Yield coefficient was 0.61. 

 
5.6 Design of an Aerated Lagoon process  
 
If existing ETP of Navana Pharmaceuticals is replaced with the aerated lagoon 

process, the area of the equalization tank can be changed for optimization. This is 

why, while estimating the area of aerated lagoon, area of equalization tank was also 

determined.  
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5.6.1 Equalization tank design 

Considering consistent rate of discharge and assuming the cycle time of the total 

treatment is 4 days or 96 hours the equalization tank has been designed to retain 96 

hours discharge of effluent. Therefore, the volume required for the equalization tank 

for design flow rate 20 m3 per day is 80 m3. The height of the equalization tank has 

been taken as the same as the existing equalization tank i.e. 7.16 ft. i.e. 2.18 m. 

Hence, the area comes out to be 36.7 m2. 

 

5.6.2 Criteria for the Design of Aerated Lagoon [Mara, 1976] 

 Hydraulic retention time = 2 to 6 days, 4 days as the most usual value 

 Soluble BOD in effluent,  

Where, k = First order rate constant for soluble BOD5 removal 

       = 5 d-1 at 20o C and for other temperature 

         kT = 5(1.035) T-20 

 Cell concentration in Lagoon 

1
 

Where, Y = Yield Coefficient = 0.6 to 0.7 

   b = Rate of autolysis = 0.07 d-1 at 20o C 

 Effluent BOD5, Le = Fe + 0.95 X 

 Oxygen Requirement for bio-oxidation (Soluble + Insoluble) 

RO2=1.5(Li-Le)*Q 

 Depth = 3-5 m 

5.6.3 Calculation 

Here,  Flow rate, Q = 20 m3/day 

Influent BOD5, Li = 190 mg/l 

Temperature, T = 26o C 

Hydraulic retention time, t = 4 days 

Rate of autolysis, b= 0.07 d-1 

Yield Coefficient, Y=0.65 

kT = 5(1.035) T-20 = 5 (1.035) 26-20 = 6.14 d-1 
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1. Determination of Soluble BOD in effluent: 

  

              	
.

 

        	 7.43	 /  
2. Determination of Cell concentration in Lagoon: 

1
 

 		
. .

.
 

			 92.7	 /  

3. Calculation of Effluent BOD5: 

 0.95  

     		 7.43 92.7 0.95 

      100.14	 /  

4. Calculation of lagoon area: 

Assume depth = 3m 

So, Mid depth area =  

        =26.67 m2 

5. Calculation of Oxygen Requirement:    

RO2=1.5(Li-Fe) Q 

   = 1.5(190-100.14)*20 

   = 2695 gm/day = 0.11 kg/hr 

 
5.7 Design of an Activated Sludge Process  

Existing ETP of Navana Pharmaceuticals Ltd. was designed for chemical treatment by 

coagulation process followed by an Activated Sludge process. Here attempt has been 

made to design an aeration tank for activated sludge process only as laboratory test 

results mentioned earlier shows that chemical treatment by coagulation process cannot 

reduce COD in a significant amount and amount of color was within the limit.  
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5.7.1 Activated Sludge Process Design 

Here, Flow Rate, Q = 20 m3/day 

Influent BOD5, So = 200 mg/l  

Effluent BOD5, S = 4 mg/l  

Concentration of Suspended Solids in the aeration tank, X = 1400 mg/l  

Yield Coefficient, Y = 0.6 [Assumed from Table 9.7, Metcalf and Eddy] 

Decay Constant, kd = 0.06 d-1 [Assumed from Table 9.7, Metcalf and Eddy] 

Hydraulic detention time of the aeration tank, θ = 8 hours = 0.33 day [Assumed from 

table 10.4, Metcalf and Eddy] 

  
1. Determination of treatment Efficiency: 

 

	 100 
 

																	 	
200 4

4
100 

   = 98 
 

2. Determination of Food to Microorganism ratio: 
 

  
    
        

.
 

       
        = 0.43 

 

100
 

0.43 98
100

 
 

= 0.42 
 

3. Computation of Mean Cell Detention time: 
 

1
 

        = 0.6*0.42-0.06 
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            = 0.192 d-1 

So, θc = 5.2 day  5 day 
 

4. Computation of reactor volume: 
 

1
 

1/5
20 0.6 200 4

1400
0.06 

    V = 6.46 m3 

Taking the height of the reactor as the same as the existing aeration tank i.e. 2.18 m, 

the area comes out to be 2.96 m2. 

 
5.8 Comparison among Existing ETP and Processes Considered in 
the Study 
 
A comparison among existing ETP and different processes tried in this study has been 

carried out. The treatment processes tried are chemical treatment by coagulation 

process, aerated lagoon process and activated sludge process. Comparison has been 

performed on treatment efficiencies and area. These comparisons are described below. 

 

5.8.1 Comparison of Treatment Efficiencies 

To determine the treatment efficiency of the existing ETP, data on raw and treated 

effluent quality was collected from Navana Pharmaceuticals Ltd. Test result of COD 

of the raw effluent was 409 mg/l and test result of COD of the treated effluent was 22 

mg/l. Treatment efficiency was found 94.6%. For aerated lagoon process test result of 

COD of the treated effluent was 49 mg/l and treatment efficiency was found 88%. 

Treatment efficiency of the ETP of the Navava Pharmaceuticals Ltd is higher in case 

of COD removal than aerated lagoon process due to physicochemical treatment. 

 

COD of raw effluent was 409 mg/l and treated effluent was 371 mg/l at 100 mg/l 

alum dose which was selected as optimum. Treatment efficiency was found 9.3%. 

Therefore, it was found that chemical treatment alone cannot reduce COD in a 

significant amount. Existing ETP has a chemical treatment unit followed by a 

biological treatment unit. That's why efficiency of existing ETP was higher.  
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COD raw effluent was 349 mg/l and treated effluent was 34 mg/l. Treatment 

efficiency was found 90.25% which was 94.6% for existing ETP. Treatment 

efficiency of the existing ETP of the Navava Pharmaceuticals Ltd was higher than 

activated sludge process performed in laboratory as the test was performed without 

physicochemical treatment. Table 5.4 shows the comparison between existing ETP 

and different treatment processes. 

 
Table 5.4: Comparison of treatment efficiencies 

 

COD, mg/l Chemical 
Treatment 

Aerated Lagoon 
Process 

Activated Sludge 
Process 

Existing 
ETP 

Initial 409 409 349 409 

Final  371 49 34 22 

Percent 
Removal 

9.3 88 90.25 94.6 

 

5.8.2 Comparison of Area  

The existing ETP of NAVANA Pharmaceuticals Ltd. operates as activated sludge 

process. Area of aeration tank of existing ETP is 78.86 sft or 7.33 m2. However, in 

this study area requirement for aeration tank for activated sludge was found 2.96 m2 

and area requirement for aerated lagoon process was 26.67 m2. Though comparatively 

area requirement is high, biological treatment by aerated lagoon is more preferable 

than existing ETP because physicochemical treatment is expensive to install and 

operate. In the coagulation and activated sludge process of existing ETP require huge 

chemical, electricity and labor. Moreover huge amount of sludge is generated in 

existing ETP which is more difficult to handle. Where land cost is not significant or 

land is available aerated lagoon treatment may be used as lone treatment process 

effectively. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 
 

 

6.1 Conclusions 

 

On the basis of analysis, study and discussion mentioned in chapter five, the 

following conclusions may be drawn: 

 

1) Physicochemical treatment was not effective in reducing BOD and COD from 

a pharmaceutical waste. High doses of alum were required to reduce turbidity 

and color. 100 mg/l alum can reduce color by 50% and turbidity by 33%. But 

it was not effective in reducing COD. 

 

2) Favorable pH for biological treatment by aerated lagoon process of 

pharmaceutical liquid was found to be about 6.0. Aeration with pH value 6.0 

for four days can reduce COD by 88% and BOD5 by 96%, and can also 

increase DO up to 5 mg/l. Treatment efficiency deteriorates at higher or lower 

pH value. 

 

3) BOD removal rate constant was found high for pH value 6.0. BOD removal 

rate constant k1 was 5.6 d-1 at pH 6.0 for 4 day aeration. 

 
4) COD can be reduced by 90.25% and BOD5 by 98% by Activated Sludge 

process with detention time of eight hours without physicochemical treatment.  

 
5) Though comparatively area requirement is high, treatment by aerated lagoon 

process is more preferable than existing ETP as physicochemical treatment is 

expensive to install and operate. 
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6.2 Recommendations for further studies 

 

Following recommendations can be made for further study: 

 

1) Extensive chemical analysis of the pharmaceutical liquid wastes may be 

needed. Different chemicals used in the production process may be identified 

and accordingly suitable treatment process should be developed. 

 

2) Similar studies will be needed for other pharmaceutical industries in 

Bangladesh. 

 
3) Study regarding the identification and minimization of waste flow from 

different operational stages of the pharmaceutical industries may be 

considered.       
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List of Pharmaceutical Industries (Source: Directorate General of Drug 

Administration, 2011) 

SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

1 Ablation Pharmaceuticals Ltd. 451 223 Functional 
2 ACI Ltd. 213 51 Functional 
3 Acme Laboratories Ltd. 250 115 Functional 

4 Adco Pharmaceutical & Chemicals 
Ltd. 444 211 Functional 

5 Aexim Pharmaceutical Ltd. 391 168 Functional 

6 Agrani Pharmaceuticals 333  
Non-

Functional 
7 Albert David (BD) Ltd. 44 19 Functional 
8 Albion Laboratories Ltd. 109 191 Functional 
9 Alco Pharma Ltd. 430 193 Functional 
10 Alkad Laboratories 372 Functional 

11 Alliance Chemicals Ltd. 437  
Non-

Functional 
12 Alpha Pharmaceuticals Ltd. 428 189 Suspended
13 Ambee Pharmaceuticals Ltd. 124 383 Functional 
14 Amico Laboratories Ltd. 58 28 Functional 
15 APC Pharma Ltd. 36 164 Functional 
16 Apco Ltd. 369 160 Functional 
17 Apex Laboratories Ltd. 311 123 Suspended
18 Apex Pharmaceuticals Ltd 363 132 Functional 

19 Apollo Pharmaceutical 
Laboratories Ltd. 330 92 Functional 

20 Aristopharma Ltd. 305 171 Functional 
21 Asiatic Laboratories Ltd. 151 69 Functional 

22 Aventis Limited (Rhone Poulence 
Rorer) 159 37 Functional 

23 Azad Pharmaceuticals 396 155 Functional 
24 B. C. Laboratories 27 26 Functional 
25 B. S. Industries Ltd. 157 Functional 
26 Bangla-German Latex Co., Ltd 469 Functional 
27 Bangladesh Immunity Co. 148 Functional 
28 Bangladesh Industrial Gases 461 Functional 

29 Bangladesh Oxygen Co. Ltd. 
(BOC) 398  Functional 

30 Batali Pharmaceuticals Ltd. 102 Suspended
31 Belsen Pharma Ltd. 190 87 Suspended
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SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

32 Bengal Drugs & Chemical Works 
Pharm. Ltd. 242  Functional 

33 Bengal Techno Chemical Works 
Ltd. 10 14 Functional 

34 Benham Pharmaceutical Ltd. 212 Functional 
35 Beximco Infusion Ltd. 203 Functional 
36 Beximco Pharmaceuticals Ltd. 379 119 Functional 
37 Bhawal Chemical works 462 Functional 
38 Bikalpa Pharmaceuticals Ltd. 409 165 Functional 
39 Bio Pharma Laboratories Ltd. 322 81 Functional 
40 Biochem Pharmaceutical Ltd. 314 Suspended
41 Bios Pharmaceutical Ltd. 304 Suspended
42 Blubell Vaterinary Products Ltd. 432 190 Suspended
43 Bosco Laboratory 83 213 Functional 
44 Bristol Pharma Ltd. 196 Functional 
45 Care Pharma Laboratories Ltd. 361 Suspended
46 Carew & Co. 45 Functional 
47 Central Pharmaceutical Ltd. 310 76 Functional 
48 Chemico Laboratories Ltd. 310? 76 Functional 
49 Chemist Laboratories Ltd. -- 63 Functional 
50 Cipla Ltd. -- 104 Functional 

51 City Chemicals & Pharmaceuticals 
Works Ltd. 47 114 Non-

Functional 

52 City Pharmaceuticals Ltd. 173  
Non-

Functional 

53 Colloid Laboratories Ltd. 78 100 Non-
Functional 

54 Comilla Laboratories Ltd. 166 61 Non-
Functional 

55 Concord Pharmaceuticals Ltd. 426 187 Functional 
56 Cosmic Chemical Industries Ltd. 434 231 Functional 
57 Cosmo Pharma Laboratories Ltd. -- Functional 

58 Cresent Pharmaceuticals Ltd. 313 161 Non-
Functional 

59 Crystal Pharmaceuticals Ltd. 194 208 Functional 
60 Decent Pharma Ltd. 429 196 Functional 
61 Delta Pharma Ltd. 175 59 Functional 
62 Desh Pharmaceuticals Ltd. 417 175 Functional 
63 Doctor’s Chemicals Works Ltd. 85 35 Functional 

64 Dolphin Pharmaceuticals Ltd. 95 144 Non-
Functional 



82 
 

SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

65 Doms Pharmaceuticals Ltd. 407  
Non-

Functional 
66 Dr. Jalil's Pharma 366 142 Suspended

67 Drug International (Chemical 
Division) 220  Functional 

68 Drug International Ltd. -- 127 Functional 

69 Drugland Ltd. 413 169 Non-
Functional 

70 Eastern Drug Co. (Pvt.) Ltd. 248 216 Functional 

71 Eastern Pharmaceuticals Ltd. 394 133 Non-
Functional 

72 EDCL (Bogra) 399 146 Functional 
73 EDCL (Dhaka) -- -- Functional 
74 Edruc Ltd. 18 18 Functional 
75 Elixir Pharmaceutical Ltd. 397 112 Functional 
76 Eskayef Bangladesh Ltd. 425 185 Functional 
77 Eskayef Bangladesh Ltd. 449 215 Functional 
78 Ethical Drug Ltd. -- -- Functional 
79 Everest Chemical Industries Ltd. 178 Suspended
80 F N F Pharmaceuticals Ltd. 463 240 Functional 
81 Fisons (Bangladesh) Limited 176 39 Functional 
82 G.P.I Ltd. 323 Suspended
83 GA Company Ltd. -- 24 Functional 
84 General Pharmaceutical Ltd. 406 162 Functional 
85 Glaxo Smith kline (Bd) Ltd 182 42 Functional 
86 Global Capsule Ltd. -- 192 Functional 

87 Global Capsule Ltd. (Gelatin 
Division) -- 210 Functional 

88 Global Heavy Chemicals Ltd. 466 Functional 

89 Globe Laboratories (Pvt.) Ltd. 201  
Non-

Functional 
90 Globe Pharmaceuticals Ltd. 455 226 Functional 
91 Globex Pharmaceuticals Ltd. -- 224 Functional 
92 Gonoshasthya Antibiotics Ltd. -- 232 Functional 
93 Gonoshasthya Chemicals Ltd. 452 Functional 

94 Gonoshasthya Pharmaceuticals 
Ltd. 381 117 Functional 

95 Great Bengal Chemical & 
Pharmaceutical Works Ltd. 200 149 Suspended

96 Green Laboratories 162  
Non-

Functional 
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SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

97 Greenland Pharmaceuticals Ltd. 9 67 Functional 
98 Hallmark Pharmaceuticals Ltd. 240 207 Functional 

99 Healing Pharmaceuticals 418  
Non-

Functional 
100 Health Care Pharmaceuticals Ltd. 459 236 Functional 
101 Hoechst Marion Roussel Ltd. -- 152 Functional 
102 Hope Pharmaceutical Ltd. 364 151 Functional 
103 Hudson Pharmaceutical Ltd. 129 358 Functional 
104 Huqsons Laboratories Ltd. 177 40 Suspended
105 Hydroxide Ltd. 408 Functional 
106 Ibn Sina Pharmaceutical Ind. Ltd. 150 405 Functional 
107 Incepta Pharmaceuticals Ltd. 108 -- Functional 
108 Indobangla Pharmaceutical 56 13 Functional 
109 Inova Pharmaceutical Ltd. 324 153 Functional 
110 Institute of Public Health 442 Functional 
111 Institute of Public Health -- Functional 
112 Islami Pharmaceuticals Ltd. 422 181 Suspended
113 J.C.I Bangladesh Ltd. 243 121 Suspended
114 Jalalabad Pharmaceuticals Ltd. 411 167 Functional 
115 Jalpha Laboratories 202 200 Functional 
116 Jams Pharmaceuticals Ltd. 353 137 Functional 
117 Janasheba Pharmaceuticals Ltd. 19 176 Functional 
118 Jayson Pharmaceuticals Ltd. 82 3 Functional 

119 Jess Chemical & Pharmaceuticals 
Ltd. 53 202 Functional 

120 JMI Bangla Co. Ltd. -- 237 Functional 
121 K.D.H Laboratories Ltd. 158 41 Suspended
122 Kafma Pharmaceuticals. Ltd. 191 229 Functional 
123 Kumudini Pharma Ltd. 453 -- Functional 
124 Libra Pharmaceuticals Ltd. -- 140 Functional 
125 Links Pharma 204 Suspended
126 Loly Pharma 465 241 Functional 
127 Maks Drugs Ltd. 319 82 Functional 

128 Mannaco Laboratories Ltd. 236 105 Non-
Functional 

129 Marksman Pharmaceuticals Ltd. 468 245 Functional 
130 Maxborn Pharmaceuticals Ltd. 303 Suspended
131 Medico Pharmaceuticals Ltd. 441 -- Suspended
132 Medicon Laboratories Ltd. 402 148 Functional 
133 Medimet Pharmaceuticals Ltd. 341 159 Functional 
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SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

134 Microbe Laboratories Ltd. 249 75 Functional 
135 Mig Pharmaceuticals Ltd. -- Suspended
136 Millat Pharmaceuticals Ltd. 416 186 Functional 
137 Modern Pharmaceuticals Ltd. 315 131 Functional 

138 Monomedi Bangladesh Ltd. --  
Non-

Functional 
139 Mystic Pharmaceuticals Ltd. 456 227 Functional 
140 Najat Pharma Co -- 156 Suspended

141 Natal Chemical Industries Ltd. 443  
Non-

Functional 

142 National Chemical & 
Pharmaceutical Works Ltd. 37  Suspended

143 National Drug Company 230 -- Non-
Functional 

144 National Laboratories Ltd. 72 21 Suspended
145 Navana Pharmaceuticals Ltd. 431 194 Functional 
146 Nipa Pharmaceuticals Ltd. 338 94 Functional 
147 North Bengal Pharmaceuticals Ltd. 415 172 Functional 
148 Novartis (Bangladesh) Ltd. 427 188 Functional 

149 Novus Pharmaceuticals Ltd. 309 113 Non-
Functional 

150 Oasis Laboratories 352 102 Functional 
151 Opso Saline Ltd. -- 158 Functional 
152 Opsonin Chemical Industries Ltd. 80 12 Functional 

153 Opsonin Chemical Industries Ltd. 
(Chemical Division) 448 212 Functional 

154 Organon (Bangladesh) Ltd. 375 38 Functional 
155 Orion Infusion Ltd. 0 198 Functional 
156 Orion Laboratories Ltd. 179 46 Functional 
157 Pacific Pharmaceuticals Ltd. 354 206 Functional 

158 Paradise Chemical Industries 223 138 Non-
Functional 

159 Peoples Pharma Ltd. 386 126 Functional 
160 Pharmacil Ltd. 395 -- Functional 
161 Pharmaco Internatioal Ltd. 340 154 Functional 
162 Pharmadesh Laboratories Ltd. 74 20 Functional 
163 Pharmatek Chemicals Ltd. 377 Functional 
164 Pharmik Laboratories Ltd. 371 174 Functional 

165 Phoenix Chemical Laboratories 
Ltd. 20 15 Non-

Functional 
166 Pioneer Pharmaceuticals Ltd. 382 120 Non-



85 
 

SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

Functional 
167 PIP Limited -- Suspended
168 Premier Pharmaceuticals Ltd. 370 205 Functional 
169 Prime Pharmaceuticals Ltd. 454 225 Functional 
170 Proteety Pharmaceuticals Ltd. -- 238 Functional 
171 Pure Drugs & Chemicals Ltd. 133 Suspended

172 Quality Pharmaceuticals (Pvt.) Ltd. 439 204 Non-
Functional 

173 R.D.C.C.S. Ltd. 25 Suspended
174 Radiant Pharmaceuticals Limited 247 66 Functional 
175 Rahman Chemicals Ltd. 387 Suspended
176 Rampart Power (BD) Ltd. 445 209 Functional 
177 Rangs Pharmaceuticals Ltd. 49 166 Functional 
178 Rasa Pharmaceuticals Ltd. 329 84 Functional 

179 Reckitt & Benckiser Bangladesh 
Ltd. 373  Functional 

180 Reliable Drugs & Chemicals 414 Suspended
181 Reliance Laboratories Ltd. 388 Suspended
182 Reman Drug Laboratories Ltd. 168 52 Functional 
183 Remedy Pharmaceuticals Ltd. 436 -- Functional 
184 Remex Pharmaceuticals 423 -- Suspended
185 Remo Chemicals Ltd. 457 246 Functional 
186 Renata Ltd. 197 45 Functional 
187 Rephco Laboratories Ltd. 229 58 Functional 

188 Roche Bangladesh Pharmaceuticals 
Ltd. 458 233 Functional 

189 Salton Pharmaceuticals Ltd. -- 197 Functional 
190 Sarma Chemical Works Ltd. 60 Functional 

191 Sattar & Ahmed 188  
Non-

Functional 
192 Save Pharmaceuticals Ltd. 239 139 Functional 
193 Seema Pharmaceuticals Ltd. 231 111 Functional 
194 Seftchem Ltd. 447 Functional 

195 Shamsul Alamin Pharmaceuticals 
Ltd. -- 243 Functional 

196 Sheba Chemical Industries Ltd. 244 62 Non-
Functional 

197 Sheba Laboratories Ltd. 253 110 Functional 
198 Silco Pharmaceuticals Ltd. 450 217 Functional 
199 Silva Pharmaceuticals Ltd. -- -- Functional 
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SL Name of the Pharmaceutical 

Mfg. 
Licence No.

Non-
Biological 

Mfg. 
Licence No. 
Biological 

Status 

200 Skylab Ltd. 384 128 Functional 
201 Social Marketing Company 470 Functional 
202 Sodical Chemical Ltd. 435 Functional 
203 Somatec Pharmaceutical Ltd. 246 64 Functional 
204 Sonear Laboratories Ltd. 307 -- Functional 

205 Sonergaon Chemical Complex 
(Pvt.) Ltd. 440  Suspended

206 Sony Pharmaceuticals 392 Suspended
207 Spark Pharmaceuticals 467 Functional 
208 Square Pharmaceutical Ltd. 114 33 Functional 

209 Standard Chemical Industries Ltd. 61 -- Non-
Functional 

210 Standard Laboratories Ltd. 55 30 Functional 

211 Stars Pharmaceuticals Ltd. 410 170 Non-
Functional 

212 Sunypun Pharmaceuticals Ltd. 433 Functional 
213 Syntho Laboratories Ltd. 181 43 Functional 
214 Techno Drugs 446 -- Functional 
215 Theraputics (BD) Ltd. 241 98 Functional 
216 Tropical Pharmaceuticals Ltd. 332 -- Functional 

217 Ultra Pharma Ltd. 140  
Non-

Functional 

218 Unimed & Unihealth 
Manufacturers Ltd. 121 219 Functional 

219 Union Pharmaceutical Ltd. 321 228 Functional 
220 Unique Pharmaceutical Ltd. 335 195 Functional 

221 United Chemical & 
Pharmaceuticals Ltd. 138 32 Functional 

222 United Chemist -- 90 Functional 
223 United laboratories 126 Functional 
224 Universal Pharmaceutical Ltd. 192 55 Functional 
225 Ureca Pharmaceuticals Ltd. -- 346 Suspended
226 Weinberg Pharmaceuticals Ltd. 421 180 Suspended

227 Wellcome Chemical Industries Ltd. 345 122 Non-
Functional 

228 White Horse Pharmaceutical Ltd. 165 Functional 
229 Zaman Pharmaceuticals Co. Ltd. 77 88 Functional 
230 Zenith Pharmaceuticals Ltd. 39 221 Functional 
231 Ziska Pharmaceuticals Ltd. 424 183 Functional 
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Mixed Liquor Volatile Suspended Solids 
 
Introduction  

 

Mixed liquor is a combination of sludge and water removed from the clarifier in the 

wastewater treatment process and reintroduced into an earlier phase of the treatment 

process.  The mixed liquor contains microorganisms which digest the wastes in the 

raw water.  This lab will show you how to test for MLSS and MLVSS in the mixed 

liquor.   

 

Mixed Liquor Suspended Solids (MLSS) is a test for the total suspended solids in a 

sample of mixed liquor.  In addition, the concentration of suspended solids found in 

the mixed liquor is typically much greater than that found in the raw or treated 

water.  MLSS concentrations are often greater than 1,000 mg/L, but should not exceed 

4,000 mg/L. 

MLVSS, or Mixed Liquor Volatile Suspended Solids, is a test for the amount of 

volatile suspended solids found in a sample of mixed liquor.  Volatile solids are those 

solids which are burnt up when a sample is heated to 550°C.  Most of the volatile 

solids in a sample of mixed liquor will consist of microorganisms and organic 

matter.  As a result, the volatile solids concentration of mixed liquor is approximately 

equal to the amount of microorganisms in the water and can be used to determine 

whether there are enough microorganisms present to digest the sludge.  

Equipment 

 Dessicator  

 Drying oven, for operation at 103 to 105°C 

 Analytical balance, capable of weighing to 0.1 mg 

 Magnetic stirrer with TFE stirring bar 

 Wide-bore pipets 

 Graduated cylinder 

 Low-form beaker 

 Glass-fiber filter disks with organic binder 

 Filtration apparatus, which can be any one of the following: 
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o Membrane filter funnel 

o Gooch crucible, 25 mL to 40 mL capacity, with Gooch crucible 

adapter 

o Filtration apparatus with reservoir and coarse fritted disk (40 to 

60 um) as filter support  

 Filter flasks, of sufficient capacity for sample size selected 

 Vacuum pump 

 Tubing 

 Stop watch 

 Aluminum weighing dishes 

 Muffle furnace 

Reagents 

 Reagent-grade water 

Laboratory Procedure 

1. A grab sample of mixed liquor should be collected.   

 

2. The total suspended solids in the sample should be measured. A smaller 

sample volume, such as 5 ml probably needed to be used.  The sample volume 

and the combined sample and filter weight in the Data section would be 

recorded.  At least 10% of all samples should be analyzed in duplicate.  

 

3. The filter and the total suspended solids residue from step 1 in a muffle 

furnace at 550°C should be ignited.  An ignition time of 15 to 20 minutes is 

usually sufficient for 200 mg residue.  However, when igniting more than one 

sample or when igniting heavier samples, the ignition time may need to be 

increased.  

 
4. Let the filter cool partially in the air until most of the heat has dissipated.  

Then the filter should be transferred to a dessicator to cool the rest of the way 

to air temperature.   
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5. The filter should be weighted and the weight should be recorded in the Data 

section. 

 
6. The cycle of igniting, cooling, desiccating, and weighing should be repeated 

until a constant weight is obtained or until the weight change is less than 4% 

or 0.5 mg, whichever is less.   

 
7. The volatile solids in the sample may be calculated, as follows: 

 

Where, 

A = Sample and filter weight from TSS test, mg 

B = Sample and filter weight after ignition in muffle furnace, mg 

 

8. If two samples are tested, the average volatile solids may be calculated as 

follows: 

 
Where: 

C = Volatile solids of sample 1, mg/L 

D = Volatile solids of sample 2, mg/L 

 

9. MLSS may be calculated as follows 

MLSS = MLVSS/0.9 

 

Source: AWWA (1998) 
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Appendix C1 
Treatment by Alum Coagulation 
 

Alum dose 

(mg/l) 

Residual Color 

(Pt-Co) 

% Removal Turbidity 

(NTU) 

% Removal Residual COD 

(mg/l) 

% Removal 

0 65 0 40 0 409 0 
50 40 38.5 34.9 12.8 386 5.6 

100 32 50.8 26.7 33.3 371 9.3 
150 30 53.8 12.9 67.8 366 10.5 
200 25 61.5 4.57 88.6 353 13.7 
250 22 66.2 2.36 94.1 351 14.2 

 
Appendix C2 

Treatment by Aeration at Different pH Level 
 

pH 

Level 

After 1-Day After 2-Day After 4-Day 
Residual 
Color 
(Pt-Co) 

Residual 
BOD5 

(mg/l) 

Residual 
COD 

(mg/l) 

DO 

(mg/l) 
EC 
(micro 
mho/cm)

Residual 
Color 
(Pt-Co)

Residual 
BOD5 

(mg/l)

Residual 
COD 

(mg/l)

DO 

(mg/l) 
EC 
(micro 
mho/cm)

Residual 
Color 
(Pt-Co)

Residual 
BOD5 

(mg/l)

Residual 
COD 

(mg/l)

DO 

(mg/l)
EC 
(micro 
mho/cm) 

5 198 92 196 4.76 1140 140 72 156 5.56 1115 55 16 69 5.65 1065 
6 145 52 135 4.9 1025 115 32 90 5.59 1003 48 8 49 5.8 967 

6.5 165 62 159 4.66 864 135 45 122 5.26 850 68 10 64 5.54 835 
7 160 64 166 4.79 852 129 50 133 5.51 844 64 12 65 5.77 830 
8 157 65 169 4.62 941 126 52 139 5.38 931 56 13 65 5.73 915 
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