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ABSTRACT

Treatment of landfill leachate is the challenge of all developing countries around the

world in present day’s for environmental scientists because direct impact of

environmental protection cost is unaffordable to those developing countries.

However, intangible benefits of such treatment, creates demand for better

techniques. Due to this research is needed toward economic means of protecting the

environment. The effort made in this research into the treatment of landfill leachate

is a step towards this goal.

This work is the study of analysis Leachate Pollution Index (LPI) of 15 parameters

and adsorption combined with physico-chemical method to treat landfill leachate.

Treatment of landfill leachate by physico chemical methods with lime, air stripping,

chemical coagulation does not comply with the discharge standards set by DoE on

ECR, 97. Use of adsorption process with GAC (Granular Activated Carbon) has been

proven to improve the leachate treatment efficiency.

At present there is only biological treatment process in Matuail Landfill site. Recent

studies have shown that only biological treatment at Matuail landfill leachate is not

sustainable to meet the discharge standard to environment. It is very urgent to take

some steps to encounter the problem of ground water pollution with a convenient

option. The aim of this study is to analyze a suitable treatment method for landfill

leachate in a cost effective manner.

This study also focuses on quantifying the leachate contamination potential on a

comparative scale by LPI and the efficiency of adsorption by GAC. Whereas LPI

shows that chemical treatment only is not effective. Efficiency of the used treatment

process in terms of COD, BOD, NH3-N, heavy metals removals from leachate is

mainly studied.

Analysis of LPI at different treatment stage and discharge standards provided by DoE

on ECR, 97 also carried out. The LPI at different treatment stages are 22.277(Raw

Sample), 20.435 (Air Stripping), 13.292 (Alum Coagulation), 5.527 (GAC

Adsorption). Those results are showing that pollution load is declining.



vi

TABLE OF CONTENTS

Title Page No.

Title Page i

Declaration iii

Acknowledgement iv

Abstract v

Table of Contents vii

List of Tables x

List of Figures xii

List of Abbreviations xiii

CHAPTER ONE: INTRODUCTION 1

1.1 General 2

1.2 Background of The Thesis 2

1.3 Objectives of the Study 4

1.4 Scopes and limitations of the Study 4

1.5 Organization of the Thesis 4

CHAPTER TWO: LITERATURE REVIEW 6

2.1 Introduction 6

2.2 Leachate Production 6

2.3 Composition and Characteristics of Landfill Leachate 7

2.4 Biodegradability of Leachate 10

2.5 Treatment Processes of Landfill Leachate 11

2.5.1 Recycling 12

2.5.2 Biological treatment of leachate 13

2.5.2.1 Anaerobic biological treatment 13

2.5.2.2 Aerobic biological treatment 13

2.5.3 Physico-chemical treatment 14



vii

2.5.3.1 Air stripping 14

2.5.3.2 Alum Coagulation 16

2.5.4 Membrane Bioreactor Process (MBR) 17

2.5.5 Ozonation 18

2.5.6 Chemical Oxidation 19

2.6 Adsorption Process 19

2.6.1 Introduction 19

2.6.2 Characteristics of material used for adsorption

processes 20

2.6.3 Advantages of Adsorption Process 20

2.6.4 Combination of physico chemical and adsorption

process 21

2.6.5 Leachate pollution index (LPI) and formulation

of sub-leachate pollution indices 22

2.6.5.1 Development of pollutant variable rating

Curves 23

2.6.5.2 Pollutant weights 25

CHAPTER THREE: METHODOLOGY

3.1 Introduction 27

3.2 Study of Landfill Leachate 27

3.2.1 Existing treatment system of Matuail Landfill

Leachate 27

3.2.2 Sample Collection 28

3.2.3 Analysis of collected sample 29

3.3 Treatment of Landfill Leachate 30

3.3.1 Experimental Setup 30

3.3.2 pH Adjustment 31

3.3.3 Air stripping unit 32

3.3.4 Alum Coagulation of effluent at different

concentration 33

3.3.5 Granular Activated Carbon (GAC) adsorption 34



viii

3.3.6 Analysis of adsorption process 36

3.4 Formulation of leachate pollution index (LPI) 37

CHAPTER FOUR: RESULTS AND DISCUSSION 40

4.1 Introduction 40

4.2 Characteristics of Leachate 40

4.3 Analysis of Leachate Pollution Index and Sub-leachate Pollution

Indices 42

4.4 Air Stripping 47

4.4.1 Aeration for air stripping 47

4.5 Coagulation Operation 51

4.5.1 Coagulation at different alum concentration 51

4.6 Mixing of GAC at different alum dosing concentration 55

4.6.1 Selection of optimum result 56

4.7 Calculation of three sub-LPIs and overall LPI from the final

stage treatment GAC adsorption with 2000mg/L

optimum alum dosing 57

4.8 LPI Discussion of total study 58

4.9 Analysis of 10 gm/L GAC adsorption process using

Langmuir Sorption Isotherm 58

4.8 Limitations of the Study 60

CHAPTER FIVE: CONCLUSIONS AND RECOMMENDATIONS 61

5.1 Conclusions 61

5.2 Recommendations 62

REFERENCES 63

APPENDICES

APPENDIX A:

Test Result of different parameters of collected raw sample 66

APPENDIX B:

Test Result of Different Experimental Investigation 69



ix

LIST OF TABLES

Table Title Page No.

No.

2.1 Landfill leachate age and biodegradability 10

2.2 Relative biodegradability of leachate 10

2.3 Limiting concentrations for the discharge of

treated leachate according to German Standards 11

2.4 Ammonia stripping of landfill leachates &

percentage of removal 16

2.5 The selected pollutants with significance values and

weights 26

3.1 Test Result of Collected Raw Sample (Landfill Leachate) 29

3.2 Lime pretreatment condition 32

3.3 After Ammonia stripping condition 32

3.4 Alum dosing concentration 33

3.5 Alum dosing condition 34

3.6 COD concentration after Alum dosing 34

3.7 GAC mixing condition 35

3.8 GAC mixing at different COD and NH3-N concentration 35

4.1 Characteristics of Raw sample and Standards Set

by Department of Environment DoE on ECR, 97

for Effluent (Waste Water) to be comply from

project waste 41

4.2 Three Sub-LPIs and Overall LPIs of Matuail Landfill

Leachate (Raw Sample) 43

4.3 Three Sub-LPIs and Overall LPIs of Inland Surface

Water Standards Set by Department of Environment

on ECR, 97 for Project Waste 44

Three Sub-LPIs and Overall LPIs of Public Sewerage



x

4.4 System Connected to treatment at Second Stage

Standards Set by Department of Environment on

ECR, 97 for Project Waste 45

4.5 Three Sub-LPIs and Overall LPIs of Irrigated Land

Standards Set by Department of Environment on

ECR, 97 for Project Waste 46

4.6 Removal percentage of impurities after 24 hour

air stripping 47

4.7 Three Sub-LPIs and Overall LPI of 24 hour

air stripped supernatant 48

4.8 Concentration of COD and NH3-N at every 6 hour

duration of 24 hour air stripping 49

4.9 Test Result of alum (Al2 (SO4)3.18H20) coagulated

supernatant at different concentration 51

4.10 Three Sub-LPIs and Overall LPI of 2000mg/L

alum dosing supernatant 54

4.11 Test Result of supernatant after mixing of GAC at

10gm/L 55

4.12 Relative removal percentage (%) of pollutants by

mixing with GAC at different dosing 56

4.13 Overall LPI of 10 gm/L GAC adsorbed supernatant at

optimum alum dosing (2000 mg/L) 57



xi

LIST OF FIGURES

Figure Title Page No.

No.

2.1 Effect of pH on the Coagulation of Leachate using Alum 17

2.2 LPI organic (LPIor) sub-index average curves with 90%

confidence limit for (a) COD; (b) BOD5; (c) phenolic

compounds; and (d) total coliform bacteria 23

2.3 LPI inorganic (LPIin) sub-index average curves with

90% confidence limit for (a) pH; (b) total Kjeldhal

nitrogen; (c) ammonia nitrogen; (d) total dissolved

solids; and (e) chlorides 24

2.4 LPI heavy metals (LPIhm) sub-index average curves

with 90% confidence limit for (a) chromium; (b) lead;

(c) mercury; (d) arsenic; (e) cyanide; (f) zinc; (g) nickel;

(h) copper; and (i) total iron 25

3.1 Picture of Matuail Landfill Site 28

3.2 Overall experimental plans 31

3.3 Air stripping process 32

3.4 The effect of pH on the removal efficiencies 35

4.1 Removal of COD with Time 50

4.2 Removal of Ammonia (NH3-N) with Time 50

4.3 COD and TDS Removal at different concentration of

alum dosing 52

4.4 Ammonia and Chloride Removal with different

concentration alum dosing 53

4.5 BOD5 with different concentration alum dosing 53

4.6 Relation between LPI residual at different treatment

stage and Govt. discharge standards 58

4.6 Linear diagram of Langmuir Isotherm 59



xii

LIST OF SYMBOLS

A Surface area of membrane, m2

atm. Atmospheric pressure

BOD5 Biochemical Oxygen Demand (5 days)

BUET Bangladesh University of Engineering & Technology

cm. Centimeter

COD Chemical Oxygen Demand

Deg. C, 0C Degree Centigrade

DO Dissolved Oxygen

DOC Dissolved Organic Carbon

DoE Department of Environment

Eq. Equation
F/M Food to microorganism ratio
Fig. Figure
GAC Granular Activated Carbon
gm Gram
h. Hour
HRT Hydraulic Retention Time
Kg Kilogram
L Liter
m Meter

m
3

Cubic meter
MBR Membrane bio-reactor
μg Microgram
mg Milligram
min. Minute
mins. Minutes
mL Milliliter
MLSS Mixed Liquor Suspended Solids
MLVSS Mixed Liquor Volatile Suspended Solids
μm Micrometer
NBCOD Non-biodegradable COD
No. Number
ppm Parts per million
rpm Revolutions per minute
s Seconds
SRT Sludge Retention Time
SS Suspended solids



xiii

TCOD Total COD
TOC Total Organic Carbon
UV Ultraviolet
% Percentage



1

CHAPTER ONE

INTRODUCTION

1.1 General

Rapid industrialization and urbanization has resulted in an immense

environmental degradation. Population growth and poor environmental

management practices have led to deterioration of environmental quality in

most of the developing countries. The composition of the domestic refuse has

radically changed in character over the last fifty years due to the rise of an

affluent society. In recent years, solid waste management has gained focus in

many countries. Source reduction, reuse and recycling of waste, composting,

incineration and landfill disposal are few of the solid waste management

approaches practiced in different countries. The suitability of these

approaches differs from place to place. Municipal solid waste disposal in the

landfill is the most common, cheap and easiest municipal solid waste

management practice followed throughout the world. However, landfill

requires a close environmental engineering surveillance in its design and

operation as it is likely to generate leachate which would potentially

contaminate nearby groundwater and surface water. With the changing

nature of domestic refuse composition over the years, the proportion of

refuse available for decomposition has greatly increased and thus the organic

strength of the leachate has increased, resulting in its greater potential to

pollute water. A need exist to focus on the environmental problems

concerned with domestic landfill disposal to protect the environment and

prevent adverse health effects.

Landfill is considered to be the most common way of disposing urban solid

wastes. It is the cheapest available method among other methods such as

incineration and composting. An important problem associated with sanitary

landfills is the production of leachates (Lema et al., 1988). Leachate is

generally formed when rain water percolates through dumped waste and

takes up the organic and inorganic products from both physical extraction
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and hydrolytic and fermentation processes. Generally, leachates contain high

concentrations of soluble organic matter and inorganic ions (Wong and

Mavinic Background, 1982 cited in Lema et al., 1988). Due to its high

strength nature, direct discharge of leachate into the environment is not

recommended considering the environmental impacts.

Presently, attention is made to landfill leachate treatment. Leachate

channeling (Combined treatment with domestic sewage, Recycling and

lagooning), biological treatment (Aerobic and Anaerobic) and chemical

/physical treatment (Chemical precipitation, Chemical oxidation, Adsorption,

membrane technology and air stripping) are some leachate treatment

methods.

1.2 Background of the Thesis

Rapid urbanization of Dhaka city and its fast increasing population over the

last few decades created much pressure on its urban services. The existing

services are too far inadequate to serve the inhabitants and solid waste

management is one of the major problems faced by the authorities and the

inhabitants alike. Dhaka City Corporation (DCC) is executing the solid waste

disposal as its task. Present landfills operated by DCC are properly designed

to protect the environment and the neighborhood from adverse impacts of

landfill. But due to the current densely polluted leachate coming from the

solid waste of municipal, industrial and clinical, the treatment option

designed by DCC does not give satisfactory removal of organic matters and

this issue becomes a growing concern for the surrounding environment and

public health. The waste disposed at the dumping site is highly polluted with

toxic metals. Disposal of waste on land lead to leaching (aggravated by

rainfall) and subsequent contamination of soil and groundwater aquifers and

may pose a potential threat to environment (DCC, 2008).

Sufficient means have to be evolved to deal with landfill leachate so that its

impact can be minimized. Leachate treatment and minimization of leachate
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generation is primarily the two prime options available for landfill

management. Disposal of the leachate in the sewer is an attractive option,

but the variation in the quality of the sewage and leachate and remoteness of

the landfill sites make this option difficult practically. Leachate treatment has

inevitably become a widespread requirement at landfills. It is a technology

which has only developed in 1980 in the UK, but is now advancing rapidly as

experience is being gained on full scale landfills (Robinson et al., 1992). The

main environmental problem experienced at landfills has resulted from a loss

of leachate from the site and the subsequent contamination of surrounding

land and water. Improvements in landfill engineering has aimed at reducing

leachate production, collecting and treating leachate prior to discharge and

thereby limiting leachate infiltration to the surrounding soil (Farquhar, 1989).

However a need exists to develop reliable, sustainable options to effectively

manage leachate generation and treatment. In designing a leachate

treatment scheme, the process must reflect the possibility that treatment

techniques which work well for a young leachate may become wholly

inadequate as the landfill age increases.

There are several difficulties concerned with treatment of landfill leachate.

First, the variability and strength of the leachate has an important waste

treatment application. Second, the changes encountered from landfill to

landfill, such that treatment technology applicable at one site may not be

directly transferable to other location. Third, fluctuations in the leachate

quality which occur over short and long interval must be accounted for in the

treatment design and long interval must be accounted for in the treatment

design.

This study consists of two stages, namely physicochemical and adsorption

process.  In the laboratory, air stripping, chemical coagulation and adsorption

with GAC was carried out to analyze the pollution removal of highly

contaminated leachate. GAC is not widely used as a general treatment

technique at present in developing countries. It has future prospects of wide

application as the cost of material is coming down.
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1.3 Objectives of the study

1) Characterization of Landfill leachate.

2) Leachate treatment with air stripping to maximize the removal of COD,

BOD, ammonia and heavy metals concentration from raw sample.

3) To reduce pollution load coagulation of air stripping supernatant at

different alum concentration.

4) Determine the best alum coagulated dose followed by Granular

Activated Carbon Adsorption (GAC) to minimize COD, BOD, ammonia

nitrogen and heavy metals concentration and also to comply with DoE

discharge standards.

5) Calculation of Leachate Pollution Index (LPI) at various stages of

treatment to find out pollution load.

6) Determine the maximum adsorption capacity of GAC by using

Langmuir sorption isotherm.

1.4 Scopes and Limitations of the study

1) Physicochemical with GAC adsorption is cost effective in comparison

with other advanced treatment process.

2) LPI of 15 parameters has analyzed in this study which is not adequate

enough for DoE discharge standard.

3) Other adsorption isotherms can also analyze in further study rather

than Langmuir to find out adsorption capacity of GAC.

4) Sample was collected twice on November 2011 only, but seasonal

variation of leachate composition was not analyzed.

1.5 Organization of the Thesis

The thesis comprises of five chapters. The first one is introduction presenting

an overall view of the study. Chapter two contains a concise and selective

review of the relevant literature which provides solid waste management

practices, municipal solid waste leachate compositions and different leachate

treatment options including present solid waste dumping and leachate

treatment situations. In chapter three, methodologies adopted in the
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research are described. Chapter four provides the characteristics of Matuail

landfill leachate and analyses of the three different treatment stages and

pollution load. This chapter also investigates Leachate Pollution Index (LPI)

and adsorption capacity of GAC. In chapter five, attempts are made to bring

the findings of the study together in the form conclusions and outline the

recommendations for actions and studies to be required in future.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

Among several methods such as recycling, recovery, incineration and

composting   available for management of solid wastes, land-filling is still the

most important method used for solid waste management.  One of the

byproducts of landfill is the leachate, which is formed due to chemical and

biological reactions, which take place when rainwater is percolated through a

landfill. Organic and inorganic compounds leach out from the waste in the

landfill during this process is known as leachate. Unless managed and treated

properly, leachate leads to adverse environmental impacts such as odor and

groundwater contamination.

Various methods and technologies have been tested, applied and proposed to

treat the landfill leachate. These methods range from simple methods such

as recirculation through the landfill, to sophisticated ones such as

combination of physical, chemical and biological processes. One difficulty in

treatment is the temporal and spatial variation of the leachate

characteristics. Therefore, selection of appropriate treatment is a challenging

task. This study focuses on one of the cost effective ways of treatment of

landfill leachate.

2.2 Leachate Production

Rainfall is the main contributor to generation of leachate. The precipitation

percolates through  the  waste  and gains   dissolved   and   suspended

components   from the  biodegrading  waste  through  several  physical and

chemical   reactions.  Other contributors to leachate generation include

groundwater inflow, surface water runoff, and biological decomposition.

Liquid fractions in the waste will also add to the leachate as well as moisture

in the cover material. Moisture can be removed from the landfill by water

consumed in the formation of landfill gas, water vapor removed in the landfill
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gas, and leachate leaking through the liner. The quantity of Leachates are

dependent on rainwater percolation through wastes, biochemical processes in

waste's  cells, the inherent water content of wastes and its  degree  of

compaction into the landfill tip. The production is generally greater whenever

the waste is less compacted, since compaction reduces the filtration rate.

There are many factors affecting the quality of leachates, i.e., age,

precipitation, seasonal weather variation, waste type and composition. In

particular, the composition of landfill leachates varies greatly depending on

the age of the landfill. As landfill age increases organics concentration (COD)

in leachate decreases and ammonia nitrogen concentration increases. Landfill

leachates from old sites are highly contaminated with ammonia, resulting

from the hydrolysis and fermentation of nitrogen containing fractions of

biodegradable refuse substrates. In general, leachates may contain large

amounts of organic matter (biodegradable, but also refractory to

biodegradation), where humic-type constituents consist an important group,

as  well as  ammonia-nitrogen,  heavy metals, chlorinated organic and

inorganic salts.

2.3 Composition and Characteristics of Landfill Leachate

Leachate characteristics produced in a landfill is governed by following

factors.

1.  Composition of the waste being landfilled.

2.  Climatic and hydrogeological conditions prevailing within the landfill area.

3.  Age of the waste.

4.  Leachate collection and management system used.

There are two main characteristics of leachate (i) the volumetric flow rate

and (ii) the composition. The flow rate from sanitary landfill change from site

to site and seasonally at each site.

Water percolating through landfill contains both organic and inorganic

substances. These substances may be transported from the landfill through

leachate, and could develop an environmental hazard easily. Different
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biological, chemical and physical processes taking place successively in a

municipal landfill affect both the leachate and the gas production.

Leachate contains natural organic substances as suspended or colloidal

particles, macro polymers or simple low molecular substances. Part of these

organic substances remains as dissolved. Dissolved organic carbon (DOC) is

the fraction of total organic carbon (TOC) which passes through a 0.45 µm

standard filter. The remainder caught by the filter is termed particulate

organic matter. It can be assumed that DOC, besides the polymers,

macromolecules and low molecular ions consists of 20 to 200 nm large

colloidal particles or aggregates.

In addition to the large number of organic substances, municipal landfill

leachates tend to contain large concentrations of salts, mainly NaCl along

with heavy metals.

Leachate properties vary with the changing biological conditions in landfills.

Generally, leachate characteristics could be divided into five phases according

to the age of the landfill (Hayer & Stegman, 2003).

They are;

1.  Aerobic phase

2.  Acid phase

3.  Intermediate methenogenic phase

4.  Stabilized methenogenic phase

5.  Final aerobic phase

Degradation starts under aerobic conditions at the beginning. Aerobic phase

will be generally short due to limited amount of oxygen present inside the

landfill. Oxygen is available in the upper layer of the landfill due to diffusion

and rainwater. In this phase, proteins are degraded to amino acids and then

into carbon dioxide, water, nitrates and sulphate’s. Carbohydrates are

converted to carbon dioxide and water. Fats are hydrolyzed to fatty acids and

glycerol and are then further degraded into simple compounds through

formation of volatile acids and alkalis. Cellulose, which is the main organic
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fraction of the waste, is degraded by the extracellular enzymes into glucose,

which is subsequently converted to carbon dioxide and water by bacteria.

This stage is exothermal, usually aerobic phase is short and no substantial

leachate generation takes place.

Three different stages could be identified under anaerobic phase. First stage

is the acid fermentation, which causes the decrease of pH. High

concentrations of volatile acids and inorganic ions such as Cl- , SO4
2-, Ca2+,

Mg2+, Na+ occurs. Metals are more soluble at this stage.  Leachate in this

phase is characterized by high BOD5 and COD values. BOD5/ COD ratios

generally remain greater than 0.7. pH value remains 5 to 6 and ammonia

ranges 500-1,000 mg/L due to hydrolysis of proteinous compounds.

Second stage, intermediate anaerobic phase starts with slow growth of

methanogenic bacteria, which may be inhibited by excess organic volatile

acids. Methane concentration increases while the hydrogen, carbon dioxide

and volatile fatty acids reduce.  Further, the concentration of sulphate

decreases due to biological reduction. Conversion of fatty acids increases the

pH and alkalinity making Calcium, Iron, Manganese and heavy metals less

soluble. These metals precipitate as sulphides.  Ammonia is released without

conversion in the anaerobic environment.

Third stage, anaerobic degradation phase is characterized by methanogenic

fermentation by methanogenic bacteria. The pH range for methanogenic

bacteria is 6 to 8. Low volatile acids and low total dissolved solids indicate

that the solubilization of most of the organic components has decreased at

this stage. Therefore the leachates of this stage are characterized by low

BOD5 values and low BOD5/COD ratios.

Acidic, intermediate and methanogenic phases could be characterized by

BOD5/COD ratio (Heyer & Stegman, 2003). The typical ratios of the three

stages are presented in table 2.1 below.
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Table 2.1: Landfill leachate age and biodegradability

Leachate Phase BOD5/COD

Acid 0.4

Intermediate 0.2 to 0.4

Methanogenic 0.2

Landfill management technology also affects the properties of leachate with

respect to the age of the landfill. Present day younger landfill leachates have

lower COD, BOD5 and TOC level than those was found about ten years ago.

Aerobic pretreated bottom layers and compaction in thin layers are examples

of such improved landfill management methods, which accelerate the

conversion of organics into gas phase.

In very old landfills where, more refractory organic carbons remain in the

landfill wastes, a second aerobic phase may appear in the upper layer of the

landfill. As methane production will be very low, air from the atmosphere

starts diffusing into the landfill. This will give rise to development of aerobic

zones in the landfill.

Leachate quantity depends on rainfall precipitation, evaporation, surface run-

off, infiltration and storage capacity. Generally about 18% of precipitation

turns into leachate. Water is consumed in the anaerobic biological

degradation and lost due to gas production. With aging, this component

reduces and increasing the volume of leachate production.

2.4 Biodegradability of Leachate

Different levels of biodegradability of leachate and their ranges are presented

in table 2.2.

Table 2.2: Relative biodegradability of leachate

Biodegradability BOD/COD COD/TOC

Low <0.5 <2

Medium 0.5-0.75 2-3
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High >0.75 >3

Stabilized leachate has the following properties (Baig and Liechti, 2001):

 COD < 2,000 mg/L

 Slightly alkaline pH

 Biodegradability (expressed as BOD5 /COD) of 0.1

2.5 Treatment Processes of Landfill Leachate

Compared to municipal wastewater treatment, leachate treatment has a

limited history. Also, leachate treatment regulations vary from country to

country. Some countries have strict regulations, some countries require

simply collection of leachate and some countries have no definite

requirements. Germany is one such country having a treated leachate

requirement. The discharge limits are presented in table 2.3.

Table 2.3: Limiting concentrations for the discharge of treated leachate

according to German Standards (Heyer and Stegman, 2003).

Parameter Limiting Parameter Limiting

Concentration Concentration

(mg/L) (mg/L)

COD 200 Chromium 0.5

BOD5 20 Chromium (VI) 0.1

Nitrogen, total

(NH4+NO2+NO3) 70 Nickel 1

Phosphorous, total 3 Lead 0.5

Hydrocarbons 10 Copper 0.5

Nitrite Nitrogen 2 Zinc 2

AOX 0.5 Cyanide 0.2

Mercury 0.05 Sulfide 1

Cadmium 0.1
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Some treatment options are:

 Leachate channeling

• Combined treatment with domestic waste water

• Recycling

• Lagooning with recycling

 Biological processes

• Aerobic treatment

• Anaerobic treatment

 Chemical / Physical treatment

• Chemical precipitation

• Chemical oxidation

• Adsorption with activated carbon

• Reverse osmosis

• Air stripping

Addition of leachate into municipal wastewater treatment plant is an option

for leachate treatment but may initiate new problems such as high effluent

flows and high sludge production which need careful design and operation of

the treatment plant. Although, co-treatment of landfill leachate with

municipal waster water treatment plant is a viable option, stringent effluent

discharge requirements demand the need to separate treatment of leachate

to meet the standards.

2.5.1 Recycling

A widespread technique used in many landfill consists recycling leachate back

through the tip because it was one of the least expensive options available.

Recently, researcher showed benefits of this technique. Leachate

recirculation increased the moisture content in a controlled reactor system

and provided the distribution of nutrients and enzymes between

methanogens and solid/liquids. Significant lowering in methane production

and COD was observed when the recirculated leachate volume was 30% of

the initial waste bed volume. COD also lowering 63-70% in an anaerobic pilot

plant with recirculation (Rodriguez et al., 2004). The leachate recycle not
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only improves the leachate quality, but also shortens the time required for

stabilization from several decades to 2-3 years. High recirculation rates may

adversely affect anaerobic degradation of solid wastes. For instance,

Ledakowicz  and Kaczorek (2004) observed that leachate recirculation can

lead  to the inhibition of methanogenesis as it may  cause high

concentrations of organic acids (pH<5)  which are toxic for the methanogens.

2.5.2 Biological treatment of leachate

Biological treatment is the most common practice for the leachate treatment,

which is relatively economical when compared with physico chemical

methods. Biological treatment of leachate is more applicable in BOD removal

even in low biodegradable leachate of BOD5: COD <0.2 (Heyer & Stegman,

2003).

2.5.2.1 Anaerobic biological treatment

Parts of the landfill itself could be used as an anaerobic biological reactor.

Up-flow anaerobic sludge blanket process or anaerobic filter could be used.

Anaerobic treatment step is economical due to low energy requirement and

no oxygen requirement.  Anaerobic treatment reduces BOD and COD to a

BOD: COD ratio greater than 0.3, which has medium biodegradability

suitable for aerobic treatment. An important feature of anaerobic treatment

is the possibility of using the CH4 (Methane) generated for external uses.

2.5.2.2 Aerobic biological treatment

Aerated lagoons, activated sludge, rotating biological contactors or trickling

filters could be used for the aerobic biological treatment process. Retention

time in activated sludge process is shorter than that for aerated lagoons,

reason being the sludge control and recirculation adopted in activated sludge

process.

A problem associated with aerobic treatment is that the C: N ratio which is

expressed as BOD: N ratio. In methanogenic leachate may be 100:100 which

is the optimum suited ratio for bacteria is 100:5. Due to excess nitrogen, the
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biological process may not run reliably producing unacceptable

concentrations of ammonia (Fletcher and Ashbee, 1994).

Besides BOD5 reduction, denitrification of ammonium is an important process

in activated sludge plants. The pH of old leachate could be in the range of 8

to 8.3. When aerated, the pH could rise to 9 or higher. Under these

circumstances the ammonia equilibrium shifts from ammonium to free

ammonia affecting the growth of denitrification bacteria through inhibition.

During the same time, conversion of ammonium to nitrate reduces pH.

Therefore pH control is essential in getting low effluent ammonium levels.

Biological oxygen demand (BOD) and chemical oxygen demand (COD) are

the parameters traditionally used to measure concentrations of organic

substances in leachates. Especially, BOD and BOD/COD ratio give valuable

information regarding the relative difficulty to degrade the organic

substances, the supply of carbon source in denitrification, or the maturity

phase dominating the landfill.

2.5.3 Physico-chemical Treatment

Old leachates are characterized by ammonia, refractory substances and low

biodegradable organic fraction (BOD5/COD in the range of 0.1). Therefore,

old leachates cannot be treated to required standards by biological processes

alone. Effective removal of these pollutants could be achieved by more

sophisticated methods such as advanced oxidation, adsorption with activated

carbon or combination of these with conventional physico-chemical methods

(Zamora et al., 2000) which is more costly considering the financial condition

of developing countries.

2.5.3.1 Air stripping

There are several methods available for nitrogen removal in leachate. One

method is biological process nitrification-denitrification. The other is physico-

chemical treatment, ion exchange, reverse osmosis, electrodialysis, break-

point chlorination and ammonia stripping. Air stripping is a cost effective
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means of nitrogen removal instead of nitrification-denitrification step. In

leachates, the ammonia level frequently exceeds 1000 mg/L. This is around

100 times greater than concentrations found in sewage. Ammonia is mainly

produced during the methanogenic stage of degradation, due to breakdown

of proteins to amino acids and subsequent de-amination releasing

ammonium ion. Very little of this ammonium ion is converted to ammonia.

Leachate has high ammonia concentration and low BOD: N ratio. Chlorination

is not preferred for ammonia removal as it can lead to production of

chloramines, which are carcinogenic. When large concentration of ammonia

is present, it is economical to strip it than transforming into nitrate.

Ammonia has a low Henry’s constant, which means it is highly soluble, thus

large quantity of air is required to desorb it from liquid to gas phase. Also

desorption is difficult at low temperatures. Marttinen et al.[50] reported a

89% ammonia reduction at pH=11 and 20°C within 24h retention time.

Ammonia is normally present in water as soluble ammonium ion, NH4+. This

has to be converted to gaseous ammonia molecule for this reason air

stripping to take place. Bench Scale studies of effluent are undertaken. The

result indicates that low phosphate residual and high clarification can be

achieved by raising pH to around 11 usually by adding lime (Ca(OH)2) which

converts ammonium hydroxide ions to ammonia gas according to the

following reaction

NH4
+ + OH- ↔ H2O + NH3 Eq.  2.1

Lime adding helps to remove substantial portion of heavy metals and some

of the organic load which ultimately lowered the load on BOD & COD.

Therefore, it is beneficial in terms of overall treatment process.

In atmosphere, ammonia is present around 5 to 15 µg/m3 through natural

emissions. Toxic level of ammonia is 1700 mg/m3. Odor threshold is 35 mg/

m3. Ammonia could be trapped using sulfuric or phosphoric acid in a

scrubber, offering the potential for use as a fertilizer. Alternatively, the

ammonia may be incinerated in combination with landfill gas.  It has been
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found that the liquid surface area and turbulence influence the ammonia

removal rate (Smith & Arab, 1994). Table 2.6 summarizes the studies done

on ammonia stripping for landfill leachate.

Table 2.4: Ammonia stripping of landfill leachates & percentage of removal.

(Fletcher and Ashbee, 1994)

Process
Stream

Influent
Ammonia
(mg/L)

Stripping
process

%
Ammonia
removal

Process
detail

Reference

Landfill
leachate

100-200 Diffuse air 90-95 Pilot scale Damhaug,1981

Landfill
leachate

200-1,000 Diffuse air 50 Lab scale Robinson,1981

2.5.3.2 Alum Coagulation

The main objective of coagulation and flocculation process is the removal of

non-biodegradable organic matter from the leachate. Coagulation/flocculation

is an essential process in water and in industrial wastewater treatment.

Several studies have been reported on the examination of coagulation–

flocculation for the treatment of landfill leachates, aiming at performance

optimization, i.e. selection of the most appropriate coagulant, determination

of experimental conditions, assessment of pH effect and investigation of

flocculent addition (Sletten et al., 1995). Aluminum sulfate (alum), ferrous

sulfate, ferric chloride and ferric chloro-sulfate were commonly used as

coagulants (Ehrig, 1984; Amokrane et al., 1997).

Therefore, selection and optimum dosages of coagulants are determined

experimentally by the jar test instead of quantitatively by formula. The jar

test is performed using a series of glass containers that hold at least 1L and

are uniform size and shape. Normally, six jars are used with a stirring device

that simultaneously mixes the contents of each jar with a uniform power

input. Each six jars are filled to the 1-L mark with supernatant whose

turbidity, pH, and alkalinity have been predetermined. One jar is used as a

control, while the remaining 5 are dosed with different amount of coagulants.

After chemical addition, the water is mixed rapidly for about 1 min to ensure
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complete dispersion of the chemicals, and then mixed slowly for 15 to 20 min

to aid in the formation flocs (Metcalf and Eddy (2003), McGraw Hill, USA.)

In wastewater treatment, coagulation is used for removing high

concentration non-biodegradable organic pollutants, heavy metal, COD and

some other pollutants. Aluminium Sulphate (Al2 (SO4)3.18H20) or alum is

commonly used as a coagulant in water treatment systems which is available

at marketplace. In waste water treatment it is used primarily for the removal

of tiny particles (called colloids, measured as total suspended solids) in the

raw water which is too small to settle by gravity in a reasonable length of

time. It is most effective between pH ranges 4.0 to 8.0.

Figure 2.1: Effect of pH on the Coagulation of Leachate using Alum.

Experimental conditions: Alum used = 15 g/L; initial COD of Leachate =

2451 mg/L, (Shabiimam M. A, Anil Kumar Dikshit, 2011).

2.5.4 Membrane Bioreactor Process

Membrane bioreactor, an innovative technology, has the capability to

combine biological process and physical separation into a single unit.

Membranes have been finding wide application in water and waste water

treatment since early 1960s. Membrane filtration can be defined as a

separation process that uses semipermeable membrane dividing the feed

stream into two portions. Permeate that contains the material passing

through the membranes and retentate consisting of the species being left
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behind (Zhou et al, 2002). Special quality of membrane is semipermeability.

Initial studies of membrane reactors involved cross flow modules, which has

disadvantage of requirement of high speed pumping devices. These pumps

impose high shear stress on the flocs.  Submerged membrane bioreactor

system in leachate treatment is a membrane module which is directly

immersed in an aeration tank. It is becoming wide spread because it has no

such problems as cross flow units (Kim & Lee, 2003). One of the limitations

of the membrane bioreactor is the membrane fouling problem and associated

increased operation cost of the system.

2.5.5 Ozonation

Main uses of ozone in leachate treatment are disinfection and oxidation.

Oxidation by ozonation contributes to odor control, decoloration and

elimination of micro pollutants. Even though ozone dissolves in water, is

highly unstable in water and undergoes reactions with water. The unique

feature of ozone is its decomposition into OH radicals (OH) which are the

strongest oxidant in water. Oxidation process occurs through both ozone and

OH radicals. OH radical reaction is important in oxidization of ozone resistant

compounds.

Ozone is a selective oxidant for treatment with landfill leachate. It reacts fast

with many dissolved compounds in leachate. For ozone reactions more than

500 rate constants have been measured for OH radical reactions out of a

database of few thousand rate constants (Gunten, 2003).

The oxidation potential of ozone alone is high enough for direct oxidation of

organic matters in landfill leachate. An initiator such as H2O2 can accelerate

the formation of OH radicals. Control of radical scavengers is important even

in this stage.

Otherwise, ozone is an irritating pale blue gas, heavier than air, very reactive

and unstable.  Formation of ozone is an endothermic process. Ozone is

thermodynamically unstable and instantly converts back to oxygen
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2.5.6 Chemical oxidation

Biologically stabilized landfill leachate requires further removal of organic

substances before final discharge. Chemical oxidation is a convenient method

for the removal of organics. But it is not efficient in removal of ammonia

nitrogen. Chemical oxidation can make refractory organics capable of

undergoing subsequent biological treatment. During chemical oxidation

organic compounds can be converted to simple final products such as water

and carbon dioxide. Various oxidants such as hydrogen peroxide, potassium

permanganate, oxygen, ozone and chlorine can be used. Chlorine has the

drawback of producing toxic products. Ability to oxidize depends on the

oxidation potential of the oxidant.

Most reactive oxidant is the OH radical on which most of the advanced

ozonation processes are based. Following oxidation methods have been

applied to leachate treatment.

• Wet oxidation

• Hydrogen peroxide

• UV

2.6 Adsorption Process

2.6.1 Introduction

Adsorption can be defined as the accumulation of substances at the interface

between two phases. In water and waste water treatment, the interface is

between the liquid and solid surfaces that are artificially provided. The

material removed from the liquid phase is called adsorbate and the material

providing the solid surfaces is called adsorbent. The adsorbent most

commonly used in water treatment is activated carbon. Adsorption by

Activated Carbon removes pollutants from waste water. It is a removal

process where certain particles are bound to an adsorbent particle surface by

either chemical or physical attraction. In this study the adsorption process is

used simultaneously with a physico-chemical method for landfill leachate

treatment.
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2.6.2 Characteristics of materials used for adsorption process

Activated carbon is manufactured from carbonaceous material such as wood

coal, petroleum residues etc. A char is made by burning the material in the

absence of air. The char is then oxidized at higher temperature to create a

very porous structure. This activation step provides irregular channels and

pores in the solid mass. Surface areas ranging from 500 to 1500 m2/g have

been reported, with all but a small fraction of the surface area associated

with the pores.  Activated carbon crushed into granules ranging from 0.1 to

2mm in diameter. The most popular aqueous phase carbons are the 12×40

and 8×30 mesh sizes because they have a good balance of size, surface

area, and head loss characteristics.

2.6.3 Advantages of Adsorption Processes

Adsorption is usually described through isotherms, that is, the amount of

adsorbate on the adsorbent as a function of its pressure (if gas) or

concentration (if liquid) at constant temperature. Isotherms are empirical

relations which are used to predict how much solute can be adsorbed by

activated carbon. The three most well-known isotherms are the

• Freundlich

• Langmuir

• Linear.

In environmental engineering and specifically waste water treatment

application the most commonly used isotherm is the Langmuir sorption

isotherm.

In this study the Langmuir sorption isotherm process will be used to

determine the maximum adsorption capacity to design a landfill leachate on

the next chapter.

Activated carbon is a very effective adsorbent material due to its large

number of cavernous pores. These provide a large surface area relative to

the size of the actual carbon particle and its visible exterior surface. An

approximate ratio is 1 gram = 100 m2 of surface area. Activated Carbon uses

the physical adsorption process whereby attractive Van Der Waals forces pull



21

the solute out of solution and onto its surface. Once the solute is bound to

the carbon is it considered "removed" from the water.

Activated carbon adsorption proceeds through 3 basic steps:

a) Substances adsorb to the exterior of the carbon granules

b) Substances move into the carbon pores

c) Substances adsorb to the interior walls of the carbon

2.6.4 Combination of physico-chemical and adsorption process

There are many factors affecting the quality of leachates, i.e., age,

precipitation, seasonal weather variation, waste type and composition. In

particular, the composition of landfill leachates varies greatly depending on

the age of the landfill. Its composition is also very complicated. So by using

one specific method it is not possible to obtain the standard result. In this

study physico-chemical method combination with adsorption process is

carried out. In physico-chemical method coagulation-flocculation is a

common process. Coagulation-flocculation is a relatively simple technique

that may be employed successfully for the treatment of landfill leachate.

Coagulation-flocculation has thus been proposed mainly as a treatment

method for leachate treatment. Removal of nitrogen from leachate can be

accomplished through a variety of physicochemical and biological processes.

The most common processes used in nitrogen removal from leachate is Air

stripping. Air stripping and alum coagulation process can result about 80% of

COD removal and 95% of ammonia removal. Only combination of

coagulation-flocculation and air stripping process is not sufficient enough to

reduce COD to comply with Department of Environment (DoE) discharge

standard which delicate polishing step such as adsorption process. The

adsorption process is used as a stage of integrated chemical-physical-

biological process for landfill leachate treatment. The most frequently used

adsorbent is granular activated carbon (GAC). Consequently, activated

carbon adsorption aim is to ensure final polishing level by removing heavy

metals and organic substances. Here in this study GAC is used combination

with physico-chemical method.
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2.6.5 Leachate pollution index (LPI) and formulation of sub-leachate

pollution indices

Leachate pollution index (LPI) is an index for quantifying the leachate

contamination potential of municipal landfills (Dinesh Kumar and Babu J.

Alappat, 2005). It is a quantitative tool by which the leachate pollution data

of landfill sites can be reported uniformly. LPI is an increasing scale index

and has been formulated based on the Delphi technique (Dinesh Kumar and

Babu J. Alappat, 2005). A panel of 80 experts with expertise in

environmental engineering, particularly in the field of waste management,

around the world was selected for LPI development. The panelists included

regulatory authority officials and scientists, consulting engineers,

academicians, leading authors and members of professional institutions such

as the International Solid Waste Association (ISWA). They were also asked to

consider 50 leachate parameters for their possible inclusion in the proposed

LPI. Three questionnaires were sent to them to arrive at a consensus

selection of pollutant variables, their weights and the development of sub-

indices curves. They were also requested to rate each parameter at the scale

of ‘1’ to ‘5’. Based on the response of those questionnaires a better

consensus was arrived at 18 dominating leachate parameters for LPI. It

provides a convenient means of summarizing complex leachate pollution data

and facilitates its communication to the general public, field professionals and

policy makers. However, it is observed that the LPI, like any other

environmental index, fails to effectively communicate the details about the

strength of various pollutants/pollutant groups present. In an effort to make

the LPI more informative and useful, it is proposed to divide the LPI into

three sub-indices. The aggregation of these three sub-LPIs will result in the

overall LPI. It has been shown that the splitting of LPI into three sub-indices

provides a better insight on the strength of various pollutants and can be

useful to the experts in deciding various management issues regarding

leachate treatment. (Dinesh Kumar and Babu J. Alappat., 2005).
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2.6.5.1 Development of pollutant variable rating curves

A selected group of panelists from the 80 experts was requested to develop

rating curves for all the 18 selected variables. This was done by providing

marked graph sheets to the panelists. On the graph sheets, levels of leachate

pollution (sub-index score) from ‘0’ to ‘100’ were indicated on the ordinate of

each graph. The panelists were requested to draw a curve on each graph,

which, in their judgment, represented the leachate pollution produced by the

various strengths or concentrations of each pollutant variable. The panelists

were requested to start the curves for each pollutant variable with a

minimum value of 5 of leachate pollution even if there is no contamination

from the pollutant to the overall leachate pollution.

Fig. 2.2: LPI organic (LPIor) sub-index average curves with 90% confidence
limit for (a) COD; (b) BOD5; (c) phenolic compounds; and (d) total coliform
bacteria. (Dinesh Kumar and Babu J., 2005)
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Fig. 2.3: LPI inorganic (LPIin) sub-index average curves with 90% confidence
limit for (a) pH; (b) total Kjeldhal nitrogen; (c) ammonia nitrogen; (d) total
dissolved solids; and (e) chlorides (Dinesh Kumar and Babu J., 2005)
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Fig. 2.4: LPI heavy metals (LPIhm) sub-index average curves with 90%
confidence limit for (a) chromium; (b) lead; (c) mercury; (d) arsenic; (e)
cyanide; (f) zinc; (g) nickel; (h) copper; and (i) total iron (all concentrations
in mg L–1) (Dinesh Kumar and Babu J., 2005)

2.6.5.2 Pollutant weights

Weight factors or coefficients are calculated to indicate the importance of the

individual pollutants. Since all the pollutant variables received different

significance, the variables ought to have different weights. The weights for all

the selected pollutant variables were calculated based on their significance

values. For deriving the weights, the arithmetic sum of the significance

ratings for all the selected pollutant variables was calculated and each

pollutant was given a weight in proportion to the significance it obtained on a

scale of 1, so as to make the total weight of all the pollutant variables 1. The

weight calculated for each pollutant variable based on the significance values

are shown in Table 2.5.
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Table 2.5: The selected pollutants with significance values and weights

(Dinesh Kumar and Babu J., 2005).

S. No. Pollutant Significance Pollutant weight
1 Total chromium 4.057 0.064

2 Lead 4.019 0.063

3 COD 3.963 0.062

4 Mercury 3.923 0.062

5 BOD5 3.902 0.061

6 Arsenic 3.885 0.061

7 Cyanide 3.694 0.058

8 Phenolic compounds 3.627 0.057

9 Zinc 3.585 0.056

10 pH 3.509 0.055

11 TKN 3.367 0.053

12 Nickel 3.321 0.052

13 Total coliform
bacteria

3.289 0.052

14 Ammonia nitrogen 3.250 0.051

15 Total dissolved
solids

3.196 0.050

16 Copper 3.170 0.050

17 Chlorides 3.078 0.048

18 Iron 2.830 0.045

Total 63.165 1.000

The formulation and applications of the sub-indices of the LPI (sub- LPIs) and

the overall LPI is analyzed in chapter four of this study.
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CHAPTER THREE

METHODOLOGY

3.1 Introduction

It is known that the composition of landfill leachate is complex. Treatment

methods must be matched to the actual characteristics of the leachate under

examination. In particular, conventional biological methods, which are

frequently used to treat landfill leachate, have not achieved the same level of

success as they have in municipal waste water treatment system. In this

study physico-chemical combination with adsorption process have been

carried out. Simulated leachate of COD around 20000 mg/L was used for the

experiment after sampling.

This study focuses on the following three experimental stages, namely:

i) Collection of representative sample.

ii) Detail analysis in the laboratory to evaluate the quality of Matuail

landfill leachate.

iii) Laboratory investigation for treatment of leachate by using physico-

chemical method combined with adsorption process using GAC

(Granular Activated Carbon).

iv) Formulation of leachate pollution index.

3.2 Study of Landfill Leachate

3.2.1 Existing treatment system of Matuail Landfill Leachate

Upgrading a crude dump site into a sanitary landfill is a very challenging

task; Matuail landfill site in Dhaka posed just such a challenge. From the very

beginning, the existing disposal site had been used for the crude dumping of

solid wastes. All types of solid wastes were haphazardly disposed all over the

site. The existing drainage channels of the dumping ground were not

operational due to blockage by indiscriminate waste dumping. A large

amount of leachate oozing out from the waste mixed with storm water and

made the site esthetically very displeasing and environmentally unsound.

This adverse situation sometimes caused disruption of the waste vehicular
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movement. Step-by-step improvement measures have been taken in the

open dump to make it controlled and sanitary by adopting simple and locally

available materials, technical guidelines, and construction techniques. At

present there existing only biological treatment process in Matuail landfill

site. Recent studies (Mahmud, 2010) have shown that only biological

treatment of Matuail landfill leachate is not sustainable to meet enough the

disposal standard to environment. So it is necessary to take some steps to

encounter the problem of ground water pollution with convenient option.

Figure 3.1: Picture of Matuail Landfill Site

3.2.2 Sample Collection

The first requirement for any sampling system is to provide a representative

sample. Sample of waste collected from different sources should fairly

represent the body of the whole waste from which they were collected.

Leachate of Matuail Landfill site is accumulated in a collection sump through

the inner pipeline from dumping site. Samples were collected from the open

point of pipeline towards the sump. This sample was collected in two 25 liter



29

plastic containers for the analysis of raw liquid. Then the collected sample

was promptly carried to the laboratory and stored in 4oC to determine

physical and chemical properties. Before testing samples were removed from

refrigerator and were placed at room temperature about 2 hours for

conditioning.

3.2.3 Analysis of Collected sample

To evaluate the quality of collected sample (Matuail landfill leachate)

important parameters were measured in the Environmental Engineering

Laboratory of BUET. Different tests performed in this study were pH, TDS,

TSS, NH4
+-N, COD, BOD5, Pb2+, Cd+2, Cr+6, Cu+2, Zn+2, EC for ascertaining

physical qualities and COD of leachate. The test result presented in Table

(3.1) and also in Appendix-A.

Table -3.1: Test Result of Collected Raw Sample (Landfill Leachate)

No Parameter Unit Concentration Present

1. pH 8.0

2. TDS

(Total Dissolved Solid)

mgL-1 6940

3. NH4
+-N mgL-1 1037.5

4. TSS

(Total Suspended

Solids)

mgL-1 900

5. COD mgL-1 9546

6. BOD5 mgL-1 1643

7. Pb+2 ppm 3.1

8. Cd+2 ppm 0.001

9. Cu+2 ppm 10.4

10. Zn+2 ppm 14.4

11. Fe+2 ppm 132

12. Nickel ppm 0.18

13. Total Phosphorus ppm 16.8
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14. Total Cyanide ppm 1.4

15. Arsenic ppm 0.0089

16. Mercury ppm 0.024

17. Chloride ppm 706

18. Total Chromium ppm 0.1

19. EC ms/cm 21270

3.3 Treatment of Landfill Leachate

As already mentioned only one specific treatment system could not maintain

the DoE discharge standards. So combination of physico-chemical method

with GAC adsorption has been carried out in this study due to high

concentration of impurities.

This section of the study deals with the experimental determination of

pollutants and its removal at different treatment stage. All of these

experimental determinations mainly focuses on the removal rate of

objectionable impurities existing in leachate and maintain the discharge

standard level announced by Department of Environment (DoE), Bangladesh

on ECR 97.

3.3.1 Experimental Setup

Present study investigates the efficiency of treatability of GAC adsorption

with alum coagulation process. First the air stripping process was established

with pH adjustment. Then the efficiency of coagulation was investigated.

Subsequently the effect of GAC adsorption on coagulated effluent was

studied (Details process & reasons are described in Chapter 2 already).
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Overall experimental plan is shown in the figure 3.2.

z

Figure 3.2: Overall experimental plan

Experimental setup mainly consists of following processes pH adjustment, air

stripping, coagulation and adsorption with GAC process. Each process has

related experimental apparatus as described below.

3.3.2 pH Adjustment

First method used in the experiment was pH adjustment with lime (Ca(OH)2).

The main reason of selection lime was to optimize air stripping and minimize

sludge production. Before air stripping, lime was added to the wastewater

until the pH reached at 11, where ammonium hydroxide ions get converted

to ammonia gas.

Continuous mixing and sedimentation were performed in a conventional jar

test apparatus equipped with 2L beakers. The initial rapid mixing stage took

place for 15 minutes at 45 rpm.

Equalization
Step

pH adjustment
at 11.0

Air
Stripping

Neutralization
(pH adjusted

at 7.0)

Alum
Coagulation
(At different

Concentration)

Adjustment of
pH at 6.0

10g/L GAC
Adsorption with Alum

coagulated
supernatant
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Table 3.2: pH adjustment with Lime (Ca(OH)2 condition

Reactor Volume 2L

Mixing time 15 min at 45 rpm

Pretreatment Material Lime (Ca(OH)2)

Concentration 2000 mg/L

3.3.3 Air stripping unit

Air stripping is an economic means of removing nitrogen rather than

removing the same via nitrification and denitrification process in a biological

reactor. In this experiment, a mechanical aerator was arranged in a 2L

cylindrical jar. Stripping was done by the aerator for the supernatant after

raising the pH at 11. The aeration (15L/min) was applied in the supernatant

throughout 24 hours. Four samples were collected at 6 hours duration to

investigate the reduction of COD, BOD5 & NH3-N. Those parameters were

considered due to high concentration in raw sample. Aerated sample was

allowed to settle for about 1hr. Then the height of sludge taken and removed

from supernatant. After settling the pH was adjusted to 7.0.

After air striping supernatant was tested again at the laboratory to observe

the efficiency of the method. The process is outlined in figure 3.3.

Figure 3.3: Air stripping process

Table 3.3: After Air Stripping Condition

Reactor Volume 2L

Aeration Time 24 Hour

pH adjusted 11

Leachate
consisting

higher COD
value around
10000 mg/L

pH adjusted to

11 with Lime,

Ca(OH)2

Air stripping
for 24 hours

Parameters
measured

BOD5, COD,
NH3-N etc
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Pretreatment Material Oxygen/air

COD Concentration 6828 mg/L

BOD5 Concentration 453 mg/L

NH3-N Conc. 405 mg/L

Sedimentation Time 1 Hour

Sludge Ht. 0.8 cm at 19.3cm

3.3.4 Alum Coagulation of supernatant at different concentration

Jar test with Aluminium Sulphate (Al2 (SO4)3.18H20) or alum was performed

in the laboratory by using a series of glass container that each hold 1 L

supernatant and had a uniform size and shape. Normally six jars are used

with a mechanical stirring device that simultaneously mixes the contents of

each jar with a uniform power input. But in this study 4 jars were carried out

for the test. Three of those were filled with 1L mark ammonia stripped

supernatant whose parameters had been determined already. And one was

filled with distilled water which acted as a controller. The remaining three

was dosed with different amount of alum coagulant. Different concentration

of alum was dosed at the pH 7.0 neutralized supernatant at room

temperature (20o C). Used Dosing were 1000 mg/L, 2000 mg/L and 3000

mg/L. Jar test conducted with fast mixing for 1 minute at 120 rpm for those

4 jars. And after that slow mixing provided for 30 min at 20 rpm to aid the

formation of flocs. 1.0 hours sedimentation was allowed after the test and

height of sludge was measured for all. Parameters of the supernatant were

analyzed again according to the standard methods to observe pollutant

residual and amount of GAC to be mixed for next adsorption process.

Table 3.4: Alum dosing concentration

Reactor

Volume

Concentration of

Dosing

mg/L

Sludge Ht.

(Cm) at

15.8cm

1L 1000 1.2
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1L 2000 2.8

1L 3000 3.3

Table 3.5: Alum dosing condition

Reactor Volume 1L

Samples Taken 3 Nos.

pH adjusted 7.0

Initial COD Conc. 7828 mg/L

Fast Mixing time 1 min at 120rpm

Slow Mixing 30 min at 20rpm

Material Alum (Al2 (SO4)3.18H20)

Sedimentation Time 1.0 Hour

Table 3.6: COD concentration after Alum dosing

Reactor

Volume

Concentration of

Dosing

mg/L

COD conc.

after alum

dosing,

mg/L

1L 1000 5258

1L 2000 4233

1L 3000 2936

3.3.5 Granular Activated Carbon (GAC) adsorption

Granular activated carbon (GAC), in combination with physico-chemical

method, is a proven and economic technology which is effective in reducing

COD, BOD, heavy metals, organic compounds and other toxic substances.

Adsorption process with GAC was carried out with following way. pH of the

three alum coagulated supernatant was adjusted at 6.0. Then those three 1 L

volume supernatants were mixed with 10g/L GAC. The size of used GAC was
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maintained within 0.5-1 mm. Figure 3.4 represents that optimum removal of

COD, ammonia, color & iron was carried out at PH 6.0.

Figure 3.4: The effect of pH on the removal efficiencies

(Source: Kadirvelu and Namasivayam, 2002; Sevaraj et al., 2003; Isa et al.,
2004)

Mixing of the supernatant with GAC was carried for next 36 hours at 80 rpm

with a mechanical stirring device. After that the supernatant was filtered

through 0.45μ filter paper before parameter analysis.

Table 3.7: GAC mixing condition

Reactor Volume 1L

pH adjusted 6.0

Mixing time 36 hour at 80rpm

Material Granular Activated Carbon

(GAC)

Amount of material 10g/L

Filter Paper 0.45μ Filter Paper

Table 3.8: GAC mixing at different COD and NH3-N concentration

Amount of GAC COD Concentration NH3-N conc.

10 g/L 5258 mg/L 106.75 mg/L
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10 g/L 4233 mg/L 60.75 mg/L

10 g/L 2936 mg/L 50.25 mg/L

3.3.6 Analysis of adsorption process

At Chapter 2 of this study it was mentioned that obtaining of DoE discharge

standards with chemical treatment is not sufficient. Another polishing step is

also necessary. Hence, adsorption by GAC was studied to accommodate

discharge standards. Most widely used model Langmuir sorption isotherm

was followed in this study to describe the equilibrium behavior of adsorption

and to correlate the isotherm data. The Langmuir equation is expressed as in

Equation 1:

eq

q =
eq

eq

Cb

CbQ

.1

..0

+
(1)

Where,

Qo = maximum amount of the adsorbate per unit weight of adsorbent to form

a complete monolayer on the surface bound at, Ceq

Ceq = final equilibrium concentration of solute in the solution

qeq = amount of adsorbent

b = constant related to the affinity between the sorbent and sorbate.

The lower the value of b expresses the higher affinity of sorbent. Qo

represents a practical limiting adsorption capacity when the surface is fully

covered with adsorbate and assists in the comparison of adsorption

performance particularly in cases where the sorbent did not reach its full

saturation in experiments. Equation 1 may be written into a linearized form

as follows:

(2)

Qo and b determined from the linear plot of Ceq/qeq and Ceq (Kestioglu,

1990).

o

eq

o
eq

eq

Q

C

bQq

C
+= 1
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3.4 Formulation of leachate pollution index (LPI)

Leachate Pollution Index (LPI) is a technique to quantify contamination

potential on a comparative scale. A panel of 80 experts with expertise in

environmental engineering, particularly in the field of waste management,

around the world was selected for LPI development. They were also asked to

consider 50 leachate parameters for their possible inclusion in the proposed

LPI. Three questionnaires were sent to them to arrive at a consensus

selection of pollutant variables, their weights and the development of sub-

indices curves. They were also requested to rate each parameter at the scale

of ‘1’ to ‘5’. Based on the response of those questionnaires a better

consensus was arrived at 18 dominating leachate parameters for LPI.

Panelists were also requested to develop rating curves at graph for the 18

selected parameters. On the graph sheets, levels of leachate pollution were

indicated (sub-index score) from ‘0’ to ‘100’. The curve for each pollutant

variable starts with a minimum value of 5 even if there is no contamination.

Weight factors or coefficients were also calculated to indicate the importance

of the individual pollutants. The weights for all the selected pollutant

variables were calculated from the arithmetic sum of the significance and

each pollutant was given a weight in proportion to the significance. The total

weight of all the pollutant variables is 1.

The DELPHI method, developed by Rand Corporation (Dalkey 1968), which is

an opinion research technique to extract information from a group of

panelists, has been used. The procedure used to formulate the LPI attempts

to incorporate many aspects of the Delphi technique. The process provides

anonymity of individual responses in the surveying of a panel of individuals

while enabling the panelists to view the total judgment of all panelists – a

positive characteristic of group interaction. The theoretical range of LPI is

from 5 to 100.
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The LPI calculated using the equation

∑
=

=
n

i
ii pwLPI

1

(3)

where LPI is the weighted additive leachate pollution index; wi is the weight

for the ith pollutant variable; pi is the sub-index score of the ith leachate

pollutant variable; n is number of leachate pollutant variables used in

calculating LPI; and .1
1

=∑
=

n

i
iw

However, when the data for all the leachate pollutant variables included in

LPI is not available, the LPI can be calculated using the concentration of the

available leachate pollutants. In that case, the LPI can be calculated by the

equation

∑

∑

=

==
m

i
i

m

i
ii

w

pw
LPI

1

1 (4)

Where m is the number of leachate pollutant parameters for which data is

available, but in that case m < 18 and ∑
=

m

i
iw

1

<1 (Dinesh Kumar and Babu J.

Alappat, 2005); . As the test results of parameters shows m>18, equation

(4) was followed to calculate LPI.

Sub-indices of leachate pollution index

To make LPI more informative and useful among the scientific community

and field professionals, subdivided into three sub-indices. The three sub-

indices are based on the leachate characteristics and will indicate the

dominant pollutants present in a given landfill leachate. Leachate can be

characterized in terms of its physical, chemical and biological composition.

The leachate pollutant variables selected for the LPI are grouped into three

components so as to formulate three sub-LPI’s.

a) LPI organic (LPIor)

b) LPI inorganic (LPIin)
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c) LPI heavy metals (LPIhm)

Calculation of overall LPI

The calculation of overall LPI consists of three steps.

I. Calculation of sub-index scores (pi) for each of the parameters.

(Dinesh Kumar and Babu J. Alappat., 2005)

II. Aggregation of the sub-index scores for organic, inorganic and heavy

metals sub-LPIs.

III. Aggregation of the three sub-LPIs to get the overall LPI. The three

sub-LPI values are aggregated to calculate the overall LPI using the

equation

hminor LPILPILPILPI 511.0257.0232.0 ++= (5)
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CHAPTER FOUR

RESULTS & DISCUSSION

4.1 Introduction

A very wide range of treatment processes have been applied to leachate

treatment with varying success. The processes which have been consistently

successfully applied for landfill leachate from are biological processes

designed by specialist of leachate process designers. Characteristics were

determined of collected sample from Matuail landfill, Dhaka, Bangladesh. The

leachate pollution index and sub-leachate pollution indices have been also

determined in this chapter. Moreover, results of leachate treatments in air

stripping and physico-chemical have been analyzed also in this chapter.

4.2 Characteristics of Leachate

Leachates collected from matuail landfill were analyzed in the environmental

engineering laboratory, BUET. The results are shown in Table 4.1. it is

observed that color, total dissolved solid, ammonia, COD, BOD5, Lead,

Copper, Zinc, Iron, Phosphorus, Mercury, Chloride, Nitrogen and electric

conductivity exceeded the allowable discharge limit. To protect environment,

it is indispensable to treat Matuail leachate before disposal.

It is monitored from the table 4.1 that the contamination level is high in all

cases of organic, inorganic and in heavy metal. The organic loading of

Matuail Leachate is very high. The BOD5/COD ratio of the leachate is 0.17

which is <0.3. it indicates that physico-chemical treatment would be more

effective in the treatment of the leachate. As BOD5 of the leachate is 1643

mg/L, the biological treatment is also essential. Ammonia content of raw

leachate is significantly high (1037.5 mg/L). To remove, ammonia air striping

at high pH 11 would be effective. Moreover, chemical precipitation would be

effective to reduce COD and heavy metals of the leachate.
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Table 4.1: Characteristics of Raw sample and Discharge Standards Set by

Department of Environment (DoE), Bangladesh on ECR, 97 for Waste Water

to be comply

Sl.

No.

Parameter Unit Raw

sample

Places for Determination of Standards

Inland Surface
Water

Public
Sewerage
System

Connected
to

treatment
at Second

Stage

Irrigated

Land

1. pH 8.0 6-9 6-9 6-9

2. TDS

(Total

Dissolved

Solid)

mgL-1 6940 2100 2100 2100

3. NH4
+-N mgL-1 1037.5 50 75 75

4. TSS

(Total

Suspended

Solids)

mgL-1 900 150 500 200

5. COD mgL-1 9546 200 400 400

6. BOD5 mgL-1 1643 50 250 100

7. Pb+2 ppm 3.1 0.1 1 0.1

8. Cd+2 ppm 0.001 0.5 0.05 0.05

9. Cu+2 ppm 10.4 0.5 3 3

10. Zn+2 ppm 14.4 5 10 10

11. Fe+2 ppm 21.2 2 2 2

12. Nickel ppm 0.18 1 2 1

13. Total

Phosphorus

ppm 16.8 8 8 10

14. Total Cyanide ppm 1.4 0.1 2 0.2

15. Arsenic ppm 0.0089 0.2 0.05 0.2

16. Mercury ppm 0.024 0.01 0.01 0.01
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Sl.

No.

Parameter Unit Raw

sample

Places for Determination of Standards

Inland Surface
Water

Public
Sewerage
System

Connected
to

treatment
at Second

Stage

Irrigated

Land

17. Total

Chromium

ppm 0.1 0.5 1 1

18. EC ms/cm 21270 1200 1200 1200

4.3 Analysis of Leachate Pollution Index and Sub-leachate

Pollution Indices

Landfill is the most familiar solid waste disposal method in many countries.

And it is a basic requirement in all countries. As a result of the serious

environmental problems associated with abandoned dump sites and the high

costs of clean-up measures to deal with the contaminated sites, all most all

countries have commenced regulations to safeguard the water aquifers from

the leachate generated from the landfills. Leachate is characterized by its

high content of organic constituents, metals, dissolve solids and micro-

organisms. Containing hundreds of different chemicals, the characteristics of

landfill leachate diverge significantly with respect to its composition, volume

and the presence of the biodegradable matter and with time. Leachate

constitutes a flow that is highly aggressive and dangerous to the

environment. To effective communication of the dominating pollutants sub-

indices of the LPI (sub-LPIs) and the overall LPI is calculated for leachate

sample in this study.

Sub-Indices of Leachate Pollution Index

To make LPI more informative and useful among the scientific community

and field professionals, the LPI sub-divided into three sub-indices and already

mentioned in Chapter 3. The three sub-LPIs are calculated in Table 4.2 using

the equation 4 and 5.
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Table 4.2: Three Sub-LPIs and Overall LPIs of Matuail Landfill Leachate (Raw

Sample)

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 9546.0 70.000 35.264

BOD5 0.263 1643.0 31.977 15.868

Summation 0.53 51.131

LPIor 51.131

LPI

inorganic,

LPIin

pH 0.214 8.0 5.000 1.347

NH3-N 0.198 1037.5 15.960 3.979

TDS 0.195 6940.0 14.000 3.438

Cl- 0.187 706.0 37.433 8.10

Summation 0.794 16.864

LPIin 16.864

LPI heavy

metals,

LPIhm

Cr 0.125 0.1 5.000 0.625

Pb 0.123 3.1 30.488 3.75

Hg 0.121 0.0089 5.0 0.605

As 0.119 0.024 5.0 0.595

CN 0.114 1.4 14.000 1.596

Zn 0.110 14.4 11.000 1.21

Ni 0.102 0.18 5.500 0.561

Cu 0.098 3.4 23.000 2.254

Fe 0.088 132.0 8.000 0.704

Summation 1.000 11.9

LPIhm 11.9

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 22.277

The three LPI values are LPIor =51.131; LPIin=16.864 and LPIhm=11.9. The

overall LPI of raw sample is 22.277. The high value of LPIor indicates that the

leachate is still acetogenic. The low value of LPIhm indicates that the heavy

metals present in the leachate is low in concentration and do not pose any
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possible threat to biological leachate treatment. This is consistent with the

findings of Richardson (1996) that concludes that heavy metals in leachate

from domestic landfills in UK rarely pose a significant problem. The low value

of LPIhm also indicates that the waste deposited in the landfill is segregated

for metals before placing in landfill, and the moderate value of LPIin indicates

that the inorganic substances present in the leachate are not high in

concentration. However, the high concentration of ammonia nitrogen should

be taken into account in a leachate treatment system for this landfill. The

three sub-LPI values also indicate that biological treatment would be the best

treatment option for this leachate.

For comparison between raw sample and standard values of discharge sub

LPIs and overall LPIs are also calculated which are shown in following tables.

Table 4.3: Three Sub-LPIs and Overall LPIs of Inland Surface Water

Discharge Standards Set by Department of Environment on ECR, 97 for

Project Waste

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 200 9.0 4.534

BOD5 0.263 50 7.0 3.474

Summation 0.53 8.008

LPIor 8.008

LPI

inorganic,

LPIin

pH 0.214 8.0 5.0 1.347

NH3-N 0.198 50 7.0 1.746

TDS 0.195 2100 6.0 1.473

Cl- 0.187 600 7.0 1.649

Summation 0.794 6.215

LPIin 6.215

Cr 0.125 0.5 6.0 0.625

Pb 0.123 0.1 5.0 0.615
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LPI heavy

metals,

LPIhm

Hg 0.121 0.01 5.0 0.608

As 0.119 0.2 5.0 0.595

CN 0.114 0.1 5.0 0.57

Zn 0.110 5 5.0 0.55

Ni 0.102 1 6.0 0.612

Cu 0.098 0.5 6.0 0.588

Fe 0.088 2 5.0 0.44

Summation 1.000 5.203

LPIhm 5.203

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 6.114

Table 4.4: Three Sub-LPIs and Overall LPIs of Public Sewerage System

Connected to treatment at Second Stage Discharge Standards Set by

Department of Environment on ECR, 97 for Project Waste

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 400 15.0 7.557

BOD5 0.263 250 9.0 4.466

Summation 0.53 12.023

LPIor 12.023

LPI

inorganic,

LPIin

pH 0.214 8.0 5.0 1.348

NH3-N 0.198 75 8.0 1.995

TDS 0.195 2100 6.0 1.17

Cl- 0.187 600 7.0 1.648

Summation 0.794 6.161

LPIin 6.161

Cr 0.125 1 7.0 0.875

Pb 0.123 1 8.0 0.984

Hg 0.121 0.01 5.0 0.605

As 0.119 0.05 5.0 0.595
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LPI heavy

metals,

LPIhm

CN 0.114 2 20.0 2.28

Zn 0.110 10 6.0 0.66

Ni 0.102 2 8.0 0.816

Cu 0.098 3 20.0 1.96

Fe 0.088 2 5.0 0.44

Summation 1.000 9.215

LPIhm 9.215

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 9.082

Table 4.5: Three Sub-LPIs and Overall LPIs of Irrigated Land Discharge

Standards Set by Department of Environment on ECR, 97 for Project Waste

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 200 9.0 4.534

BOD5 0.263 100 8.0 3.969

Summation 0.53 8.503

LPIor 8.503

LPI

inorganic,

LPIin

pH 0.214 8.0 5.0 1.347

NH3-N 0.198 75 8.0 1.995

TDS 0.195 2100 6.0 1.474

Cl- 0.187 600 7.0 1.649

Summation 0.794 6.465

LPIin 6.465

LPI heavy

metals,

LPIhm

Cr 0.125 1 6.0 0.625

Pb 0.123 0.1 5.0 0.615

Hg 0.121 0.01 5.0 0.608

As 0.119 0.2 5.0 0.595

CN 0.114 0.2 6.0 0.684

Zn 0.110 10 6.0 0.66

Ni 0.102 1 6.0 0.612
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Cu 0.098 3 20.0 1.96

Fe 0.088 2 5.0 0.44

Summation 1.000 5.203

LPIhm 5.203

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 6.293

4.4 Air Stripping

In landfill leachates the ammonia level generally exceeds 1000 mg/L. Air

stripping is one of the most economical means of ammonia removal. Air

stripping operations consist of converting ammonium to the gaseous phase of

ammonia. As the leachate already pretreated with lime (Ca (OH)2) to extend

its pH up to 11 so it should be efficient enough to remove mass amount

ammonia (NH3-N).

4.4.1 Aeration for air stripping

After pH adjustment the supernatant was subjected with aeration which can

be called as air stripping. The concentration of COD, BOD5, NH3-N prior to the

air stripping found at Table 4.1 was 9546 mg/L, 1643 mg/L, 1037.5 mg/L,

Table 4.6 will show the removal rate of impurities after 24 hours air

stripping.

Table 4.6: Removal percentage of impurities after 24 hour air stripping

Parameter Unit 24 hour

Air

Stripped

Sample

Removal Rate

of Impurities

(%)

COD mgL-1 7732 19

BOD5 mgL-1 465 71

pH 11.0

NH3-N mgL-1 176 83

TDS mgL-1 3817 45

Chloride ppm 536.6 24



48

Total Chromium ppm 0.063 37

Pb+2 ppm 0.806 74

Mercury ppm 0.0058 35

Arsenic ppm 0.0178 26

Total Cyanide ppm 0.924 34

Zn+2 ppm 6.62 54

Nickel ppm 0.138 23

Cu+2 ppm 1.8 47

Fe+2 ppm 32 76

Table 4.7: Three Sub-LPIs and Overall LPI of 24 hour air stripped

supernatant

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 7732.0 68.000 34.257

BOD5 0.263 465.0 20.1 9.974

Summation 0.53 44.231

LPIor 44.231

LPI

inorganic,

LPIin

pH 0.214 11.0 80.000 21.561

NH3-N 0.198 176.0 8.323 2.076

TDS 0.195 3817.0 7.000 1.719

Cl- 0.187 536.6 7.00 1.649

Summation 0.794 27.005

LPIin 27.005

LPI heavy

metals,

LPIhm

Cr 0.125 0.063 5.00 0.625

Pb 0.123 0.806 8.00 0.984

Hg 0.121 0.0058 5.00 0.605

As 0.119 0.0178 5.00 0.595

CN 0.114 0.924 9.00 1.026

Zn 0.110 6.62 6.00 0.660

Ni 0.102 0.138 5.00 0.51

Cu 0.098 1.8 9.00 0.882
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Fe 0.088 32 5.00 0.44

Summation 1.000 6.327

LPIhm 6.327

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 20.435

Table 4.6 shows that removal rate of COD is not satisfactory. Air stripping

removes COD 19%. Otherwise BOD5 removal rate is 71% but didn’t maintain

the standard level of discharge. In case of ammonia removal rate was 83%

and the value lowered at 176 mg/L where standard value of discharge is 50

mg/L. Other impurities like TDS & heavy metals remained quite excess than

the level of discharge standard. To control pollutant within limit it is

necessary to utilize more polishing step.

As air stripping operation was done continuously for 24 hour after pH

adjustment. Samples were collected at 6 hours duration to measure COD and

NH3-N concentration which is shown at table 4.8.

Table 4.8: Concentration of COD and NH3-N at every 6 hours duration of 24 hour

air stripping.

Time duration

(Total Time 24 Hour)

COD Concentration

(mg/L)

NH3-N Concentration

(mg/L)

Initial Time 9546 1037.5

1st 6 Hour 9186 817.5

2nd 6 Hour 8706 592.5

3rd 6 Hour 8196 352.4

4th 6 Hour 7732 176
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Figure 4.1: Residual of COD with Time

Figure 4.2: Residual of Ammonia (NH3-N) with Time

Figure 4.1 and 4.2 shows that with time COD and ammonia residual is

declining. But the result is not showing satisfactory with standard discharge
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level. To meet with compliance requirement alum coagulation followed by

GAC adsorption was carried out and analysis are shown in next section.

4.5 Coagulation Operation

The above analyzed section shows that impurities removal rate is partial. So

it indicates that more advanced treatment is required to meet up the

discharge standard. Decision and selection of coagulation was taken to the

supernatant with alum dosing from the study of section 2. An arrangement

was made to dose the air stripped supernatant with varying coagulant

concentrations. Impurities level in supernatant after treatment with different

concentration alum are shown in Table 4.9 by jar test method.

4.5.1 Coagulation at different alum concentration

Coagulation with 1000, 2000 & 3000 mg/L concentration alum (Al2

(SO4)3.18H20) at room temperature (20o) was carried out by jar test

immediate after air stripping of the supernatant at pH 7.0. Alum dosing with

different concentration was done in 1 L sample for each. Table 4.9 shows the

result of different parameters after alum coagulation.

Table 4.9: Test Result of alum (Al2 (SO4)3.18H20) coagulated supernatant at

different concentration.

Parameter Unit Concentration Concentration Concentration

Concentration of Alum 1000 mgL-1 2000 mgL-1 3000 mgL-1

COD mgL-1 5953.6 4393.8 3324.75

BOD5 mgL-1 381.3 293.7 204.6

pH 7.13 6.84 6.38

NH3
+-N mgL-1 160.1 151.4 142.5

TDS mgL-1 3320.8 3091.7 2862.7

Chloride ppm 289.8 246.8 187.8

Total Chromium ppm 0.048 0.039 0.029

Pb+2 mgL-1 0.354 0.249 0.145
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Mercury mgL-1 0.0055 0.0052 0.0049

Arsenic ppm 0.0165 0.0149 0.0138

Total Cyanide ppm 0.508 0.388 0.332

Zn+2 ppm 4.89 4.1 3.37

Nickel ppm 0.128 0.115 0.106

Cu+2 ppm 1.47 1.17 0.792

Fe+2 ppm 17.28 13.44 9.92

Maximum removal rate of main pollutants such as COD, ammonia (NH3
+-N),

heavy metals etc are obtained at 3000 mg/L concentration alum dosing.

2000 mg/L concentration alum dosing is showing medium result at lower

chemical consumption.

Figure 4.3 shows the condition of residual contaminants at different

concentration alum dosing. Table 4.10 shows three sub-LPIs and overall LPI

of 2000 mg/L alum coagulated supernatant.

Figure 4.3: COD and TDS residual at different concentration of alum dosing
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From the graphical presentation it is clear that removal of TDS and COD is

medium at 2000 mg/L alum dosing.

Same type graphical presentation can be shown in case of NH3-N and

Chloride residual, BOD5 residual in figure 4.4 and 4.5.

Figure 4.4: Ammonia and Chloride Residual with different concentration alum dosing

Figure 4.5: BOD5 with different concentration alum dosing
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Table 4.10: Three Sub-LPIs and Overall LPI of 2000mg/L alum dosing

supernatant

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 4393.8 65.0 32.745

BOD5 0.263 293.7 9.0 4.466

Summation 0.53 37.211

LPIor 37.211

LPI

inorganic,

LPIin

pH 0.214 6.84 5.0 1.348

NH3-N 0.198 151.4 11.0 2.743

TDS 0.195 3091.7 7.0 1.719

Cl- 0.187 246.8 6.0 1.413

Summation 0.794 7.223

LPIin 7.223

LPI heavy

metals,

LPIhm

Cr 0.125 0.039 5.0 0.625

Pb 0.123 0.249 6.0 0.738

Hg 0.121 0.0052 5.0 0.605

As 0.119 0.0149 5.0 0.595

CN 0.114 0.388 6.0 0.684

Zn 0.110 4.1 6.0 0.66

Ni 0.102 0.115 5.0 0.55

Cu 0.098 1.17 6.0 0.588

Fe 0.088 13.44 5.0 0.44

Summation 1.000 5.485

LPIhm 5.485

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 13.292

Though the removal percentage of pollutants by alum dosing was good but it

does not comply with the Bangladesh Govt. discharge standard. So this is a

clear indication to enhance the treatment towards advanced polishing stage

like adsorption with GAC.
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4.6 Mixing of GAC at different alum dosing concentration

Three different concentration alum dosed supernatant was subjected with 10

gm/L GAC (Granular Activated Carbon) at pH 6.0 to raise its efficiency. Table

4.11 shows the test result of supernatant after GAC adsorption.

Table 4.11: Test Result of supernatant after mixing of GAC at 10gm/L

Parameter Unit Concentration Concentration Concentration

Concentration of Alum 1000 mgL-1 2000 mgL-1 3000 mgL-1

COD mgL-1 382.6 265.8 194.75

BOD5 mgL-1 74.3 48.4 39.6

pH 8.22 8.06 8.01

NH3-N mgL-1 6.1 4.6 3.5

TDS mgL-1 2230.7 2091.8 1862.6

Chloride ppm 193.8 164.8 139.8

Total Chromium ppm 0.0084 0.0074 0.0065

Pb+2 mgL-1 0.213 0.143 0.093

Mercury mgL-1 0.0025 0.0012 0.0001

Arsenic ppm 0.0075 0.0049 0.0028

Total Cyanide ppm 0.308 0.19 0.11

Zn+2 ppm 2.98 2.14 1.76

Nickel ppm 0.089 0.065 0.034

Cu+2 ppm 0.78 0.47 0.39

Fe+2 ppm 3.48 2.04 1.57

From the above table 4.11 it is clear that 2000 and 3000mg/L concentration

alum dosing with GAC adsorption maintains DoE discharge standards.
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Table 4.12: Relative removal percentage (%) of pollutants by mixing with

GAC at different dosing

Parameter Unit Conc. Removal

%

Conc. Removal

%

Conc. Removal

%

Concentration of Alum 1000

mgL-1

2000

mgL-1

3000

mgL-1

COD mgL-1 382.6 94 265.8 95 194.75 94

BOD5 mgL-1 74.3 73 48.4 81 39.6 79

pH 8.22 --- 8.06 --- 8.01 ---

NH3-N mgL-1 6.1 96 4.6 97 3.5 98

TDS mgL-1 2230.7 33 2091.8 33 1862.6 35

Chloride ppm 193.8 33 164.8 34 139.8 26

Total

Chromium

ppm 0.0084 82.5 0.0074 81 0.0065 78

Pb+2 mgL-1 0.213 61 0.143 68.2 0.093 77

Mercury mgL-1 0.0025 55 0.0012 77 0.0001 98

Arsenic ppm 0.0075 54.5 0.0049 67 0.0028 80

Total Cyanide ppm 0.308 39.3 0.19 51 0.11 67

Zn+2 ppm 2.98 60.4 2.14 52 1.76 51

Nickel ppm 0.089 30.5 0.065 44 0.034 32

Cu+2 ppm 0.78 47 0.47 60 0.39 49

Fe+2 ppm 3.48 80 2.04 85 1.57 84

4.6.1 Selection of result

In comparison within 1000, 2000 and 3000 mg/L alum dosing supernatant, it

is better to use intermediate dosing 2000 mg/. Because it has a lower

chemical consumption level than 3000 mg/L. And maintains better discharge

standard than 1000mg/L. It also shows the compliance with DoE Discharge

Standards. So calculation of LPI will be carried out with this result.



57

4.7 Calculation of three sub-LPIs and overall LPI at the final

stage treatment GAC adsorption with 2000mg/L alum dosing

From analysis of table 4.11 and 4.12 it is clear that removal percentage of

impurities is intermediate at alum dosing 2000 mg/L. GAC mixing with 3000

mg/L shows better result than the previous one. But it will not consider for

further analysis due to large scale chemical consumption. In this study

calculation of three sub-LPI and overall LPI is calculated for 2000 mg/L alum

dosed supernatant with GAC adsorbed result.

Table 4.13: Overall LPI of 10 gm/L GAC adsorbed supernatant at alum

dosing 2000 mg/L

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 265.8 10.0 5.038

BOD5 0.263 48.4 6.99 3.489

Summation 0.53 8.527

LPIor 8.527

LPI

inorganic,

LPIin

pH 0.214 8.06 5.0 1.347

NH3-N 0.198 4.6 5.0 1.247

TDS 0.195 2091.8 6.0 1.474

Cl- 0.187 164.8 5.0 1.177

Summation 0.794 5.245

LPIin 5.245

LPI heavy

metals,

LPIhm

Cr 0.125 164.8 5.0 0.625

Pb 0.123 0.0074 5.0 0.615

Hg 0.121 0.143 5.0 0.605

As 0.119 0.0012 5.0 0.595

CN 0.114 0.0049 5.0 0.57

Zn 0.110 0.19 5.0 0.55

Ni 0.102 2.14 5.0 0.51

Cu 0.098 0.065 6.0 0.588

Fe 0.088 0.47 5.0 0.44
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Summation 1.000 5.09

LPIhm 5.09

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 5.527

4.8 LPI Discussion of total study

Calculation of LPI in different treatment stage helped to decide further

treatment techniques. Figure 4.7 shows the relationship between residual LPI

at different treatment stage & DoE discharge standards. From the figure it

can be observe that the line indicating DoE discharge standard is almost

constant. On the other hand, line for different treatment stages indicating

gradual decline.

Figure 4.6: Relation between LPI residual at different treatment stage and

Govt. discharge standards

4.9 Analysis of 10 gm/L GAC adsorption process using

Langmuir Sorption Isotherm

Following calculations can be done with most widely used Langmuir sorption

isotherm which already expressed at chapter 3 as equation no. 2.

(i) Calculation for 1000mg/L alum dosed supernatant:
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Ceq(removed) = (5953.6-382.6) mg/L = 5571 mg/L

10

5571)( =
eq

removedeq

q

C
= 0.5571

(ii) Calculation for 2000mg/L alum dosed supernatant:

Ceq(removed) = (4393.8-265.8) mg/L = 4128 mg/L

10

4128)( =
eq

removedeq

q

C
= 0.4128

(iii) Calculation for 3000mg/L alum dosed supernatant:

Ceq(removed) = (3324.75-194.75) mg/L = 3130 mg/L

10

3130)( =
eq

removedeq

q

C
= 0.31

Qo can determined from the linear plot of Ceq(removed)/qeq and Ceq.

Figure 4.7: Linear diagram of Langmuir Isotherm

The plots of Ceq(removed)/qeq versus Ceq, respectively were found to be linear

and the applicability of the maximum adsorption capacity Qo was found 809.4

mg COD g-1 GAC and affinity of sorbent b was found 0.00463 in this study.

1
Q
o
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4.10 Limitations of the Study

Though finally GAC is capable of removing COD and other impurities from the

waste water, there are some limitations in using GAC. First of all

recommended pH level 6.0 should be adjusted otherwise total experiment

can be failed. Secondly, size of granular activated carbon should be within

0.5-1 mm which is not very much available at the market place. So sieve

work should be done carefully during experiment. Improper size could create

color and TSS problem in the supernatant. It will also create a haphazard

condition during filtration process. It may jam the total filter paper and can

represent irrelevant test result

During experiment of the leachate with coagulation and sedimentation

process by higher alum dosing a considerable amount of color particles was

remained in the treated sample. Details analysis and determination of color

removal by sludge blanket method could not possible due to the limitation of

the apparatus in the laboratory. This limitation of the treatment process can

be solved with proper equipments and fixtures.
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CHAPTER FIVE

CONCLUSIONS & RECOMMENDATIONS

5.1 Conclusions

1. Air stripping process was capable of removing 83% of ammonia on

average from the raw data. During this process an average COD

reduction of 19% was observed after 24 hour air stripping. Medium

removal rate of other parameters are also found than raw sample.

2. Coagulation at 1000, 2000 & 3000 mg/L concentration of alum (Al2

(SO4)3.18H20) of air stripped supernatant shows better result than

previous one. But the concentration 2000 mg/L among those shows the

most acceptable result after removing the settled sludge.

3. Alum dosing at 2000 mg/L shows 43% & 14% removal rate of COD &

NH3- N. And concentration remains at 359 mg/L and 50.25 mg/L. BOD5

lowered at the value 465 to 293.7 mg/L.

4. Further treatment of 1000, 2000 & 3000 mg/L alum coagulated

supernatant adsorption with 10 gm/L GAC mixing shows again the most

acceptable result for 2000 mg/L.

5. After GAC adsorption concentration COD lowered at 265.8 mg/L, BOD5

was 48.4mg/L and ammonia at 4.6 mg/L. Those results also complies

with DoE discharge standards.

6. Percentage of removal of 2000 mg/L coagulated GAC mixed

supernatant parameter COD, BOD5 & ammonia are 94%, 84% & 91%.

7. Size of GAC maintained within 0.5-1 mm for perfect adsorption result.
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8. Calculated LPI for raw sample is 20.06, for air stripping is 17.55, for

2000 mg/L alum coagulation is 10.975 and for GAC adsorption is

6.475, which showing a large decrease level of pollution load.

5.2 Recommendations for Further Studies

1. An option can be recommended for future study by mixing landfill

leachate with municipal wastewater to dilute high level of impurity and

lower the pressure on chemical consumption.

2. In further studies LPI more than 18 parameters can be determined by

following the reference LPI journal.

3. This study permits a suitable effluent for directly discharge, but high

operating costs are significant issue that must be considered seriously

in future studies.

4. Physicochemical method with GAC adsorption is cost effective in

comparison with other advanced treatment methods.

5. LPI of 18 parameters has analyzed in this study which is not adequate

enough for Bangladesh discharge standard.

6. Other adsorption isotherms can also analyze in further study rather

than Langmuir to find out adsorption capacity of GAC.

7. Sample was collected twice on November 2011 only, but seasonal

variation of leachate composition was not analyzed.
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APPENDIX A

Test Result of different parameters of

collected raw sample
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Table A-1: Characteristics of Raw sample and Discharge Standards Set by

Department of Environment (DoE), Bangladesh on ECR, 97 for Waste Water

to be comply

Sl.

No.

Parameter Unit Raw

sample

Places for Determination of Standards

Inland Surface
Water

Public
Sewerage
System

Connected
to

treatment
at Second

Stage

Irrigated

Land

1. pH 8.0 6-9 6-9 6-9

2. TDS

(Total

Dissolved

Solid)

mgL-1 6940 2100 2100 2100

3. NH4
+-N mgL-1 1037.5 50 75 75

4. TSS

(Total

Suspended

Solids)

mgL-1 900 150 500 200

5. COD mgL-1 9546 200 400 400

6. BOD5 mgL-1 1643 50 250 100

7. Pb+2 ppm 3.1 0.1 1 0.1

8. Cd+2 ppm 0.001 0.5 0.05 0.05

9. Cu+2 ppm 10.4 0.5 3 3

10. Zn+2 ppm 14.4 5 10 10

11. Fe+2 ppm 21.2 2 2 2

12. Nickel ppm 0.18 1 2 1

13. Total

Phosphorus

ppm 16.8 8 8 10

14. Total Cyanide ppm 1.4 0.1 2 0.2

15. Arsenic ppm 0.0089 0.2 0.05 0.2

16. Mercury ppm 0.024 0.01 0.01 0.01
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17. Total

Chromium

ppm 0.1 0.5 1 1

18. EC ms/cm 21270 1200 1200 1200
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APPENDIX B

Test Result of Different Experimental Investigation
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Table B-1: Three Sub-LPIs and Overall LPIs of Matuail Landfill Leachate

(Raw Sample)

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 9546.0 70.000 35.264

BOD5 0.263 1643.0 31.977 15.868

Summation 0.53 51.131

LPIor 51.131

LPI

inorganic,

LPIin

pH 0.214 8.0 5.000 1.347

NH3-N 0.198 1037.5 15.960 3.979

TDS 0.195 6940.0 14.000 3.438

Cl- 0.187 706.0 37.433 8.10

Summation 0.794 16.864

LPIin 16.864

LPI heavy

metals,

LPIhm

Cr 0.125 0.1 5.000 0.625

Pb 0.123 3.1 30.488 3.75

Hg 0.121 0.0089 5.0 0.605

As 0.119 0.024 5.0 0.595

CN 0.114 1.4 14.000 1.596

Zn 0.110 14.4 11.000 1.21

Ni 0.102 0.18 5.500 0.561

Cu 0.098 3.4 23.000 2.254

Fe 0.088 132.0 8.000 0.704

Summation 1.000 11.9

LPIhm 11.9

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 22.277



71

Table B-2: Three Sub-LPIs and Overall LPIs of Inland Surface Water

Discharge Standards Set by Department of Environment on ECR, 97 for

Project Waste

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 200 9.0 4.534

BOD5 0.263 50 7.0 3.474

Summation 0.53 8.008

LPIor 8.008

LPI

inorganic,

LPIin

pH 0.214 8.0 5.0 1.347

NH3-N 0.198 50 7.0 1.746

TDS 0.195 2100 6.0 1.473

Cl- 0.187 600 7.0 1.649

Summation 0.794 6.215

LPIin 6.215

LPI heavy

metals,

LPIhm

Cr 0.125 0.5 6.0 0.625

Pb 0.123 0.1 5.0 0.615

Hg 0.121 0.01 5.0 0.608

As 0.119 0.2 5.0 0.595

CN 0.114 0.1 5.0 0.57

Zn 0.110 5 5.0 0.55

Ni 0.102 1 6.0 0.612

Cu 0.098 0.5 6.0 0.588

Fe 0.088 2 5.0 0.44

Summation 1.000 5.203

LPIhm 5.203

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 6.114
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Table B-3: Three Sub-LPIs and Overall LPIs of Public Sewerage System

Connected to treatment at Second Stage Discharge Standards Set by

Department of Environment on ECR, 97 for Project Waste

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 400 15.0 7.557

BOD5 0.263 250 9.0 4.466

Summation 0.53 12.023

LPIor 12.023

LPI

inorganic,

LPIin

pH 0.214 8.0 5.0 1.348

NH3-N 0.198 75 8.0 1.995

TDS 0.195 2100 6.0 1.17

Cl- 0.187 600 7.0 1.648

Summation 0.794 6.161

LPIin 6.161

LPI heavy

metals,

LPIhm

Cr 0.125 1 7.0 0.875

Pb 0.123 1 8.0 0.984

Hg 0.121 0.01 5.0 0.605

As 0.119 0.05 5.0 0.595

CN 0.114 2 20.0 2.28

Zn 0.110 10 6.0 0.66

Ni 0.102 2 8.0 0.816

Cu 0.098 3 20.0 1.96

Fe 0.088 2 5.0 0.44

Summation 1.000 9.215

LPIhm 9.215

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 9.082



73

Table B-4: Three Sub-LPIs and Overall LPIs of Irrigated Land Discharge

Standards Set by Department of Environment on ECR, 97 for Project Waste

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 200 9.0 4.534

BOD5 0.263 100 8.0 3.969

Summation 0.53 8.503

LPIor 8.503

LPI

inorganic,

LPIin

pH 0.214 8.0 5.0 1.347

NH3-N 0.198 75 8.0 1.995

TDS 0.195 2100 6.0 1.474

Cl- 0.187 600 7.0 1.649

Summation 0.794 6.465

LPIin 6.465

LPI heavy

metals,

LPIhm

Cr 0.125 1 6.0 0.625

Pb 0.123 0.1 5.0 0.615

Hg 0.121 0.01 5.0 0.608

As 0.119 0.2 5.0 0.595

CN 0.114 0.2 6.0 0.684

Zn 0.110 10 6.0 0.66

Ni 0.102 1 6.0 0.612

Cu 0.098 3 20.0 1.96

Fe 0.088 2 5.0 0.44

Summation 1.000 5.203

LPIhm 5.203

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 6.293
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Table B-5: Removal percentage of impurities after 24 hour air stripping

Parameter Unit 24 hour

Air

Stripped

Sample

Removal Rate

of Impurities

(%)

COD mgL-1 7732 19

BOD5 mgL-1 465 71

pH 11.0

NH3
+-N mgL-1 176 83

TDS mgL-1 3817 45

Chloride ppm 536.6 24

Total Chromium ppm 0.063 37

Pb+2 ppm 0.806 74

Mercury ppm 0.0058 35

Arsenic ppm 0.0178 26

Total Cyanide ppm 0.924 34

Zn+2 ppm 6.62 54

Nickel ppm 0.138 23

Cu+2 ppm 1.8 47

Fe+2 ppm 32 76

Table B-6: Three Sub-LPIs and Overall LPI of 24 hour air stripped

supernatant

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 7732.0 68.000 34.257

BOD5 0.263 465.0 20.1 9.974

Summation 0.53 44.231

LPIor 44.231

LPI pH 0.214 11.0 80.000 21.561
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inorganic,

LPIin

NH3-N 0.198 176.0 8.323 2.076

TDS 0.195 3817.0 7.000 1.719

Cl- 0.187 536.6 7.00 1.649

Summation 0.794 27.005

LPIin 27.005

LPI heavy

metals,

LPIhm

Cr 0.125 0.063 5.00 0.625

Pb 0.123 0.806 8.00 0.984

Hg 0.121 0.0058 5.00 0.605

As 0.119 0.0178 5.00 0.595

CN 0.114 0.924 9.00 1.026

Zn 0.110 6.62 6.00 0.660

Ni 0.102 0.138 5.00 0.51

Cu 0.098 1.8 9.00 0.882

Fe 0.088 32 5.00 0.44

Summation 1.000 6.327

LPIhm 6.327

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 20.435

Table B-7: Concentration of COD and NH3-N at every 6 hour duration of 24 hour

air stripping.

Time duration

(Total Time 24 Hour)

COD Concentration

(mg/L)

NH3-N Concentration

(mg/L)

Initial Time 9546 1037.5

1st 6 Hour 9186 817.5

2nd 6 Hour 8706 592.5

3rd 6 Hour 8196 352.4

4th 6 Hour 7732 176
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Table B-8: Test Result of alum (Al2 (SO4)3.18H20) coagulated supernatant at

different concentration.

Parameter Unit Concentration Concentration Concentration

Concentration of Alum 1000 mgL-1 2000 mgL-1 3000 mgL-1

COD mgL-1 5953.6 4393.8 3324.75

BOD5 mgL-1 381.3 293.7 204.6

pH 7.13 6.84 6.38

NH3
+-N mgL-1 160.1 151.4 142.5

TDS mgL-1 3320.8 3091.7 2862.7

Chloride ppm 289.8 246.8 187.8

Total Chromium ppm 0.048 0.039 0.029

Pb+2 mgL-1 0.354 0.249 0.145

Mercury mgL-1 0.0055 0.0052 0.0049

Arsenic ppm 0.0165 0.0149 0.0138

Total Cyanide ppm 0.508 0.388 0.332

Zn+2 ppm 4.89 4.1 3.37

Nickel ppm 0.128 0.115 0.106

Cu+2 ppm 1.47 1.17 0.792

Fe+2 ppm 17.28 13.44 9.92

Table B-9: Three Sub-LPIs and Overall LPI of 2000mg/L alum dosing

supernatant

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 4393.8 65.0 32.745

BOD5 0.263 293.7 9.0 4.466

Summation 0.53 37.211

LPIor 37.211
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LPI

inorganic,

LPIin

pH 0.214 6.84 5.0 1.348

NH3-N 0.198 151.4 11.0 2.743

TDS 0.195 3091.7 7.0 1.719

Cl- 0.187 246.8 6.0 1.413

Summation 0.794 7.223

LPIin 7.223

LPI heavy

metals,

LPIhm

Cr 0.125 0.039 5.0 0.625

Pb 0.123 0.249 6.0 0.738

Hg 0.121 0.0052 5.0 0.605

As 0.119 0.0149 5.0 0.595

CN 0.114 0.388 6.0 0.684

Zn 0.110 4.1 6.0 0.66

Ni 0.102 0.115 5.0 0.55

Cu 0.098 1.17 6.0 0.588

Fe 0.088 13.44 5.0 0.44

Summation 1.000 5.485

LPIhm 5.485

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 13.292

Table B-10: Test Result of supernatant after mixing of GAC at 10gm/L

Parameter Unit Concentration Concentration Concentration

Concentration of Alum 1000 mgL-1 2000 mgL-1 3000 mgL-1

COD mgL-1 382.6 265.8 194.75

BOD5 mgL-1 74.3 48.4 39.6

pH 8.22 8.06 8.01

NH3
+-N mgL-1 6.1 4.6 3.5

TDS mgL-1 2230.7 2091.8 1862.6

Chloride ppm 193.8 164.8 139.8

Total Chromium ppm 0.0084 0.0074 0.0065

Pb+2 mgL-1 0.213 0.143 0.093
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Mercury mgL-1 0.0025 0.0012 0.0001

Arsenic ppm 0.0075 0.0049 0.0028

Total Cyanide ppm 0.308 0.19 0.11

Zn+2 ppm 2.98 2.14 1.76

Nickel ppm 0.089 0.065 0.034

Cu+2 ppm 0.78 0.47 0.39

Fe+2 ppm 3.48 2.04 1.57

Table B-11: Relative removal percentage (%) of pollutants by mixing with

GAC at different dosing

Parameter Unit Conc. Removal

%

Conc. Removal

%

Conc. Removal

%

Concentration of Alum 1000

mgL-1

2000

mgL-1

3000

mgL-1

COD mgL-1 382.6 94 265.8 95 194.75 94

BOD5 mgL-1 74.3 73 48.4 81 39.6 79

pH 8.22 --- 8.06 --- 8.01 ---

NH3
+-N mgL-1 6.1 96 4.6 97 3.5 98

TDS mgL-1 2230.7 33 2091.8 33 1862.6 35

Chloride ppm 193.8 33 164.8 34 139.8 26

Total

Chromium

ppm 0.0084 82.5 0.0074 81 0.0065 78

Pb+2 mgL-1 0.213 61 0.143 68.2 0.093 77

Mercury mgL-1 0.0025 55 0.0012 77 0.0001 98

Arsenic ppm 0.0075 54.5 0.0049 67 0.0028 80

Total Cyanide ppm 0.308 39.3 0.19 51 0.11 67

Zn+2 ppm 2.98 60.4 2.14 52 1.76 51

Nickel ppm 0.089 30.5 0.065 44 0.034 32

Cu+2 ppm 0.78 47 0.47 60 0.39 49
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Fe+2 ppm 3.48 80 2.04 85 1.57 84

Table B-12: Overall LPI of 10 gm/L GAC adsorbed supernatant at alum

dosing 2000 mg/L

Index Parameters
Weight

Factor,wi

Pollutant

Concentration

Sub-

index

Value,pi
i

ii

w

pw

LPI

Organic,

LPIor

COD 0.267 265.8 10.0 5.038

BOD5 0.263 48.4 6.99 3.489

Summation 0.53 8.527

LPIor 8.527

LPI

inorganic,

LPIin

pH 0.214 8.06 5.0 1.347

NH3-N 0.198 4.6 5.0 1.247

TDS 0.195 2091.8 6.0 1.474

Cl- 0.187 164.8 5.0 1.177

Summation 0.794 5.245

LPIin 5.245

LPI heavy

metals,

LPIhm

Cr 0.125 164.8 5.0 0.625

Pb 0.123 0.0074 5.0 0.615

Hg 0.121 0.143 5.0 0.605

As 0.119 0.0012 5.0 0.595

CN 0.114 0.0049 5.0 0.57

Zn 0.110 0.19 5.0 0.55

Ni 0.102 2.14 5.0 0.51

Cu 0.098 0.065 6.0 0.588

Fe 0.088 0.47 5.0 0.44

Summation 1.000 5.09

LPIhm 5.09

Overall

LPI
0.232 LPIor + 0.257 LPIin + 0.511 LPIhm 5.527


	A    Front Page & Content
	B    Treatment of landfill leachate by the physicochemical methods Report 1

