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Department of Environmental Sciences
Jahangirnagar University

Savar, Dhaka 1342, Bangladesh

Tel (PABX) : (880-2) 7791045-51, Ext 1370

Syllabus for M. Phil./Ph.D. Programme in Environmental Sciences

for the sessions: 2015-2016, 2016-2017, 2017-2018, 2018-2019
The admission to M. Phil./Ph.D. programme in Environmental Sciences will be in accordance with the ordinance for the degree of M. Phil./Ph.D. of this University. The degree of M. Phil./Ph.D. consists of :(a) written examination on approved theoretical courses (b) submission of a thesis on an approved research topic and (c) an oral examination. A student admitted into the M. Phil./Ph.D. programme must undertake two theoretical courses, each of 100 marks. He/She must complete the course work within one year from the date of his/her admission. Department will offer a number of courses in the first year from which a student should take two courses after discussion with his/her supervisor. There will be a written examination on the approved courses at the end of the first year. The pass marks or grade point for the each course is 50% or GPA 3.25. If a student obtains less than 50% or GPA-3.25 in the written examination of any of the theoretical courses, he/she shall be declared to have failed the examination and his/her admission to the M. Phil/Ph.D. course shall be cancelled. Further, the students are required to carry out research on approved topics and present a minimum of two seminars on the topics in his field of research approved by the supervisor. The period between the two seminars must be at least six months. Finally, the students have to appear for an oral examination provided his thesis is recommended for acceptance by the examiners. On the favorable recommendation of at least two examiners present at the oral examination, the students may be recommended for the award of the M. Phil/Ph.D.
Following courses will be offered for the degree of M.Phil./Ph.D. in Environmental Sciences 
	Course No
	Title of the course
	Marks

	Env. 601
	Climate Change: Impacts, Adaptation and Mitigation  measures           
	100

	Env. 602
	Environmental hazards of trace and radioactive elements  
	100

	Env.603
	Environmental Engineering and Risk Assessments 
	100

	Env. 604
	 Landscape Evolution and Land Use Planning


	100

	Env. 605
	Global Biogeochemistry and Climate Change                          
	100

	Env. 606
	Global Environmental Issues and Policies             
	100

	Env. 607
	Green Technologies for Clean Environment  
	100

	Env. 608
	 Hydrology and Water Resource Management
	100

	Env. 609
	Advance  Environmental Sciences
	100

	Env. 610
	Microbiology of Food and Environment                                               
	100

	Env. 611
	Methods of tracking environmental changes                                    
	100

	Env. 612
	Remote sensing and GIS in Natural Resource Management
	100

	Env. 613
	Wastewater Treatment and Reuse
	100

	Env. 614
	Marine Community Ecology
	100

	Env. 615
	Marine Bioinvasion
	100

	Env. 616
	Biomonitoring of pollution and mitigation
	100

	Env. 617
	Biodegradation and Bioremediation
	100

	Env. 618
	Ecology, Biodiversity and Nature Conservation
	100


Env.601 Climate Change: Impacts, Adaptation and Mitigation measures 
(4 Credits, 100 Marks)

1. Current knowledge about observed and future impacts of climate change on the natural and human environment: Freshwater resources and their management, Ecosystems, their properties, goods and services, Food, fibre and forest products, Coastal systems and low-lying areas, Industry, settlement and society, Human health.

2. Future impacts of climate change in Africa, Asia, Australia and New Zealand, Europe, Latin America, North America, Polar Regions (Arctic and Antarctic) and Small islands.

3. Impact on Public Health: Quantitative health impact assessment, Disasters: Floods and windstorms, vector borne diseases, waterborne and floodborne diarrheal diseases, Food security, vulnerable populations.

4. Assessment of adaptation practices, options, constraints and capacity.

5. Inter-relationships between adaptation and mitigation.

6. Assessing key vulnerabilities and the risk from climate change.

7. Perspectives on climate change and sustainability.

8. Issues related to mitigation in the long term context: Energy supply, Transport and its infrastructure, Residential and commercial buildings, Industry, Agriculture, Forestry, Waste management.

9. Mitigation from a cross sectoral perspective.

10. Sustainable Development and mitigation.

11. Policies, instruments and co-operative agreements.

12. Case studies.

Recommended References:

1. IPCC, 2007: Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, M.L. Parry, O.F. Canziani, J.P. Palutikof, P.J. van der Linden and C.E. Hanson, Eds., Cambridge University Press, Cambridge, UK, 976pp.

2. IPCC, 2007: Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.

Env. 602   Environmental hazards of trace and radioactive elements 
(4 Credits, 100 Marks)

1. Problems related to excessive Trace and radioactive element Contents of Soils : Introduction, Trace and radioactive elements in Soils, Excess of Trace and radioactive elements in Soils, Availability of Trace Metals to Plants, Permissible Trace Metal Levels and Loads in Soils, Final Remarks 

2. Speciation of Heavy Metals in Soils and Ground water: Introduction,  Processes and General Trends, Reactions Decreasing Solubility, Reactions Enhancing Solubility: Dissolved Inorganic and Organic Complexation, Ternary Species (Co-Adsorption – Co-Precipitation), Kinetics and Reversibility of the Geochemical Reactions Involved in Speciation, Methods for determining the speciation, Predictive Trends( Natural and Provoked Mobility), Conclusion.

3. Environmental Radiation Monitoring and Detection: Radiation detectors, Different methods of detection, Gamma Spectroscopy system, Calibration, Efficiency and Minimum detection limit of gamma spectroscopy system, Environmental sample counting and analysis, Counting statistics, Dose measuring instruments, Survey meter, Pocket Dosimeters. TLD etc. Dose assessment from environmental radioactivity, radioactivity levels in the environment of Bangladesh.

4. Mathematical Modeling for Assessment of Soil Pollution:  Soil pollution problems, Processes in Soil- groundwater Systems, Application of Models, Total Quality Management of Environmental Information, Quality Systems for Chemical Analysis, A Measurement Infrastructure for Sustainable Quality of Environmental Analysis, Standard Methods, Reference Materials, Laboratory Performance Studies,  

5. Methods for Cleaning Contaminated Soils and Sediments: 

6. Clean-up of Contaminated Soil and sediments: Thermal Treatment of Excavated Soils and sediments, In Situ Extractive Treatment of Contaminated Soil and sediments, Treatment Soil by Electroclamation, Treatment of soils and sediments by Biodegradation of the contaminants, Extensive Biological Treatment for control of Diffused- Sources Pollution

7. The Problems of Heavily Polluted Soils by Heavy metals: Introduction, Description of the Contaminated Locality, Methods, Results and Discussion (The extent of the Soil Contamination, Speciation of the Heavy Metals in the Soil, Contamination of Plants Growth on the Polluted Soils, The Application of Factor Analysis(FA) and Correspondence Analysis (CA) to the Analytical Data), Conclusions.  

8. Migration Behavior of Radionuclide into the Environment: Basic principle, Sources of Environmental radioactivity, Atmospheric dispersion, migration in soil and ground water, Site characterization- Soil to plant transfer factor, distribution coefficient and Retardation factor, Conceptual model, Radiological consequence analysis.

Suggested Books:

1. Kabata-Pendias A, Pendias H. Trace Elements in Soils and Plants, CRC press, Boca Raton, Florida.

2. Salomons W., Forstner U., and Mader P. Heavy Metals (Problems and Solution), Springer- Verlag Berlin Heidelberg, 1995.

3. Alshawabkeh A. N., Acar Y.B. Removal of contaminants from soils by electrokinetics: A theoretical treatise. J. Environ. Sci. Health A27/7, 1835-1861, 1992.

4. Brown G.A., Elliott H.A. Influence of electrolytes on EDTA extraction of Pb from polluted soil. Wat. Air. Soil. Pollution 62, 157-165, 1992.

5. Measurement of radionuclides in Food and the Environment, LAEA TRS No-295 (1989)

6. Glem F. Knoll, Radiation Detection and Measurement, John Wiley and Sons.

ENV. 603   Environmental Engineering and Risk Assessments 

(4 Credits, 100 Marks)

1. Soil mechanics and engineering: Basic behavior and site characterization, Introduction on geotechnical and geoenvironmental engineering, Basic soil mechanics: soil type, geologic formation and classification, basic elements, soil forming minerals and types of rocks, soil forming processes, soil fabric and structures, definitions, and relationships between basic soil properties, seepage through saturated soil, basic mechanics, compressibility and consolidation, 

2. Engineering properties of geologic materials : Enginnering properties of soils typical correlation, particle shape, void ratio, density index, Atterberg Limits, expansion index, sensitivity, hydraulic conductivity, elastic properties, swelling and shrinkage. strengths of geologic materials,  shear strength, factors affecting soil shear strength, strength of intact rock and rock masses, stability analysis,

3. Site planning and preparations, ground improvement, earth structure and foundation

4. Slope, retaining structures, and excavation: 

a. Slope and embankment stability, stability analysis, soil slopes and rock slopes, treatments to provide stability.

b. Surface retaining structures: retention of soil slopes, open excavation, support systems, water front retaining structures.

c. Underground openings: tunnels in soils, underground openings in rock masses.

d. earthquake resistance design, investigation and important structures in high hazards areas.

e. coastal defense: groins, head land control, inlet, entrance, bypassing, shoreline harbors, walls and revetments, beach nourishment, dredging, different problem of coast.

5. Risk Assessment: Definition of risk, hazard and disaster, factors of risk, types of risk, point of risk analysis, risk management goals, strategies, principles of risk management framework, risk management methods, principles of decision making, and public perception of risk.    

6. Geoenvironmental problems identification and risk management, framework for risk-based site management, defining goals, regulatory and societal issues, site assessment for risk-based site management.

Suggested Books:

1. R. Kerry Rowe .2001, Geotechnical and Geoenvironmental Engineering Hand Book. Kluwer Academic Publishers, London.

2. Robert F. Legget , Geology and Engineering, Second edition, 

3. Roy E. Hunt, Geotechnical Engineering analysis and Evaluation.

4. Applied Geology for Engineers, by: Military Engineering volume XV.

5. P. Leonard Capper, W. Fisher Cassie, and JD. Geddes, Problems in engineering soils,  

6. Roy E. Hunt, geotechnical engineering investigation manual,.

7. P. B. Attewell and I.W. Farmer, Principles of Engineering Geology.

8. R. Silvester, Coastal Engineering ,2.
ENV. 604   Landscape Evolution and Land Use Planning


(4 Credits, 100 Marks)
1. The aims and methods of landforms study: About landforms, scope of landform study, classification of landforms, explanation, basic difficulties in geomorphology

2. weathering, transport and erosion: Factor controlling the type and role of weathering ,Geological structure and landforms, the cycle of erosion, slope development, drainage development

3. Landscape evolution by fluvial processes, climate morphogenesis, Deformation and river response: type of deformation, types of alluvial rivers, evidence of deformation

4. Ground water and surface water resources management: Criteria for planning of ground water remediation schemes, efforts to improvement of ground water management, ground water protection and water supply, Potential hazards for ground water and environment. 

5. Urbanization: Definition, growth of cities, measure of economic growth and industrialization, technology of production.

6. Planning Requirement: Purposes of planning, stages, formulation of study, evaluation of alternatives and their effects, adoption of a plan, Legislative, controls, political influences, future challenges 

7. Land use planning: Sustainable development for planning, environmental appraisal of development plans, difficulties in pursuing land planning audit, state of environment monitoring, policy impact assessment, the interdependence of decisions, checklists for land use planning.

8. Conservation and Aesthetics: Audits of aesthetics decision and policies, conservation, checklists, state of environmental audit, aesthetic audit.

9. Potentials of Remote Sensing for Natural Resource Monitoring and Management: Geological and structural mapping, geologic interpretation, drainage networks and patterns, description and analysis of landforms, water resource mapping, water logging and salt-affected mapping, land use, land cover and urban sprawl mapping, physiographic soil mapping, wetland mapping, use of GIS in resource mapping, common application of GIS, advantage of GIS, essential elements of GIS.

10. Digital Elevation Model (DEM): Definition and its application, data capture and generation of DEM, hydrological application of DEM.

11. Natural Resource Assessment: Land use survey, crop estimates, human settlement, study of soils, forest management, drought surveillance, monitoring of water resources, coastal zone studies, mangrove preservation, fisheries development, mineral exploration and disaster appraisal. 

Suggested Books:

1. Remote Sensing and GIS for natural Resource Management, ADB Environment Paper no. 9. Asian Development Bank, 1991.

2. Chaitanya S. Agarwal and Pradeep K. Garg. Text Book on Remote Sensing in Natural Resources Monitoring and Management. Wheeler Publishing, 1st edition, 2000.

3. R.J. Small, The study of Landforms, 2edition,1983, Cambridge University Press. Cambridge.

Env.605. Global Biogeochemistry and Climate Change                

 (4 Credits, 100 Marks)
1. Scope and goal of biogeochemistry and climate changes, link between biogeochemistry and climate changes, and impact of climate change on global biogeochemistry.

2. Climate changes and biogeochemical cycles: Carbon cycle, sulfur cycle, phosphorus cycle and nitrogen cycles

3. Biogeochemical tools for climate change study: Biogeochemical signatures in natural archives, application of isotope for studying biogeochemical and climatic process in natural environment, application of biomarker as a biogeochemical tool for studying material cycling, transportation of terrestrial biogenic materials to the ocean and paleovegetation and climate reconstructions, Molecular evolution of recent environments:  Examples of source indicator of recent environments, diagensis at the molecular level, paleotemperature measurements.
4. Impact of climate changes on the biogeochemistry of world Major River: Carbon Transport by the Himalayan Rivers with especial focus on the G-B-M rivers, Carbon and Mineral Transport in Major North American, Russian Arctic, and Siberian Rivers: The St Lawrence, the Mackenzie, the Yukon, the Arctic Alaskan Rivers, and the Yenisei, Fate of Riverine Particulate Organic Matter, Dissolved Organic Carbon in Rivers.

5. Impact of Climate change on the biogeochemistry of ocean: primary production in coastal area and deep sea, fate or terrestrial organic matter and biogenic materials in coastal area and deep sea, role of ocean biogeochemistry for controlling global climate changes.

6. Impact of climate changes on the biogeochemistry of wetland: Focus on the Haor and Bhaor of Bangladesh, agriculture production of wetland, Wetland as natural resources, wetland managements.

7. Impact of climate changes on the biogeochemistry of Mangrove forest: a case study of Sunderbans
Recommended References:

1. Biogeochemistry of Major World Rivers by E. T. Degens, S. Kempe and J. E. Richey
2. Organic geochemistry S. D Killops and V J Killops, 1993, Longman Scientific and Technical.

Env. 606. Global Environmental Issues and Policies           


 (4 Credits, 100 Marks)

 

1. Characterization of global environmental issues and overview of global sustainability around the world.

2. Key environmental issues for global sustainability: Population and demographic transition, Food production, urbanization, Oil production, electricity generation, greenhouse gas production, climate change, sea level rise and the renewable transition, Deforestation and biodiversity, desertification, water use, and waste production, war and terrorism.

3. Global sustainability for Ecological health; grass-roots development, gender equity and appropriate technology; Global sustainability for Green politics and economics; civil society, ethics and spirituality.

4. Basic principles for institutional, legal, and regulatory framework for environmental policies, strategies, regulations and governance.

5. State of the environment and policy retrospective of 1972–2008: Our common future, Earth Summit, Kyoto protocol, and Johannesburg Earth Summit; Innovation and networking for environmental policy for sustainable environmental management since Rio (Earth Summit): Guidelines for environmental policies of World Bank, UNEP, WHO, OECD, and other international and UN organizations.

6. Market-based environmental policies and actions for achieving the Millennium Development goals and related outcomes; Analysis of environmental policies between developed and developing countries.

7. Case study of environmental policies and natural resource management in South-East Asia.

 Recommended References:

1.   Newman, P. and Kenworthy, J (1999): Sustainability and Cities : Overcoming Automobile Dependence,Island Press, Washington, D.C

2.   Newman, P. (2000):Global Environmental Issues. N212/N412, Unit Reader, 2000 Environmental Science, Division of Science and Engineering Murdoch University, Perth, Western Australia. 

3.   Hanaki, K. (1995): 716-92 Management of Global and Urban Environment, Research Center for Advanced Science & Technology, Tokyo University, Japan. 

4.   Jurma C. (2002): The Global Sustainability Chaltonge: From agreement to action. International Journal of Global Environmental Issues, 2(1/2): 1-14

5.   Millennium Goals, United Nations Development Programme; http;/www.undp.org/mdg/Accessed 21/01/2004.

 

Env.607. Green Technologies for Clean Environment 


(4 Credits, 100 Marks)

1. Green technology: Global perspectives, selectivity of green technology, solvent free microwave assisted technique, microwave activation, non-purely thermal techniques, hyphenated techniques, use of hyphenated tools, species derivatization, opportunity and challenges.

2. Non-traditional green alternatives: Oxidative technology mechanism, mechanism of oxidation of pollutants, cavitation, application of cavitation to wastewater treatment, the use of fenton chemicals, sonophotocatalytic oxidation, hybrid and photo-fenton process.

3. Cleaner technology: the transition to cleaner technology, factors promoting cleaner technology, regulatory frameworks, need for state intervention, impacts of regulation on innovation and competitiveness, policy instruments, cleaner technology versus competitiveness, cost minimization, public information, cleaner technology promotion, radical changes in process technology.

4. Preventing Industrial Waste and Pollution through Cleaner Production: Cleaner industrial production without use of toxic chemicals, Cleaner agricultural production, Cleaner renewable energy sources, Clean coal technology, Change in production processes for cleaner production, Material substitution for cleaner production, Equipment modification for cleaner production

5. Environmental accounting: Audit types, audit criteria and audit tools, steps for performing audit, environmental audit confidentiality, cost-effective approach to environmental auditing.

6. Corporate environmental performances: Regulation, sectoral and regional differences, economic factors, relative value and resource efficiency, interaction of economic and regulatory factors, decision making in the firm.    

Suggested Books:

1. Green chemistry: environmental friendly alternatives, R Sanghi, M. M. Srivastava, Narosa Publishing Company Ltd., 2003.

2. Policies for cleaner technology, a new agenda for government and industry, A. Clayton, G Spinardi, R Williansms, earthscan Publications, London, 1999.

3. Development and environmental crises, red or green alternatives?, M. Redclift, Routledge, London, 1991.

4. Handbook on environmental audit: a road map to registration, S. K. Saha, AOSED, Khulna, Bangladesh, 2004.

Env. 608.   Hydrology and Water Resource Management 


(4 Credits, 100 Marks)

1. Hydrologic Cycle, Importance of Hydrology, Water Balance, Energy Budget.

2. Precipitation and Water losses: Types and forms, causes and measurements of precipitation and its analysis; types of water losses, Infiltration, methods determining Infiltration, Factors affecting evaporation, methods determining evaporation and evapotranspiration.

3. Runoff: Sources, Catchment characteristics, Factor affecting runoff and runoff estimation Hydrologic Instrumentation, Remote Sensing in Hydrology.

4. Hydrograph: Definition, Hydrograph separation, Unit Hydrograph, Preposition and application of unit hydrograph, Catchment modelling. 

5. Groundwater: Definition, origin and depth of GW, springs and wells, Aquifers and Aquifers properties, Water yield, Groundwater flow, Groundwater investigations, Well tests, Steady state well Hydraulics, Methods of Groundwater exploration.

6. Hydrological Environments: Hydrogeological environments of Bangladesh, Sea-water intrusion in coastal aquifers, Hydrogeological models and their use in resource assessments.

7.  Water Resources planning & management: Water, and its impurities, criteria of water quality, Sources of fresh   water, characteristics of domestic industrial & Irrigation water. Estimation & Collection system of surface & ground water, Effluent disposal, reuse & misuse of water, Basic concept of water resource planning & management,  Wetlands & water resources, Soil water relationship, Human impact on water resources: Irrigation & flood control system strategic planning: conceptual frame work & models: Watershed management of urban ( Municipal ) & Rural area emphasis on drinking water (urban) & Irrigation water (Rural), Economic considerations, Business response, water and conflict.

8. Water pollution and Scarcity in Bangladesh: Causes, State, Impact and responses, Options and actions for pollution management.

Recommended References:

1. Kiely, G., 1998, Environmental Engineering, McGraw-Hill.

2. Raghunath, H.M., Hydrology: Principles, Analysis and Design.

3. Abdel-Aziz, I.K., 1986; Groundwater Engineering. McGraw-Hill Book Co., New York.

4. Lioyd, J.W. & Heathcote, J.A., 1985, Natural Inorganic Hydrochemistry in relation to Ground Water: An Introduction; Claredon Press.

5. UNITED NATIONS, 1982, The Hydrogeological Condition of Bangladesh; United Nations Ground Water Survey Technical Report, New York.

6. Bangladesh: State of the Environment 2001, United Nations Environmental Programme.

Env. 609 Advanced Environmental Sciences
 


 (4 Credits, 100 Marks)

1.   Basic of Environmental Science. Concept of Gaia: The interconnectedness of Lithosphere, Hydrosphere, Atmosphere and Biosphere. Their importance for earth.

2.  Biogeochemical Cycles of some important elements: Nitrogen, Carbon and Sulfur. Their Implications for global changes.

3.  Important Global and Regional Environmental Issues: (a) Global warming: Ozone layer and its Function. Depletion of Ozone layer and alternative of CFC. Green house gasses (GHG) and effects of GHG and remediation of GHGs . (b) Acid rain: Causes of acid rain, effects on environment and control of acid rain.

4.  Industrial and Agricultural Pollution: Some major Industrial Pollutants, Control and Management of Hazardous waste, Agricultural pollutants such as Fertilizer, Pesticides.

5.  Biodiversity: Biological Evolution, Basic concept of Biological Diversity, Interaction between species, Environmental factors that influence diversity, Importance of preserving Biodiversity 

6.  Ecosystem and Ecological Communities and their importance

7.  Ecological Succession

8.  Air Pollution and advanced techniques for remediation:

9.  Water Pollution and indigenous mitigation method:

10. Waste Management and reuse

11. Environmental Legislation and Environmental Justice- Global, Regional and National Perspectives.

  Recommended References:

1. Environmental Science (3rd edition), 2000, Daniel B. Botkin, John Wiley & Sons

2. Environmental Science, 1990, Karen  Arms, Saunders college 

3. Environmental Science: working with the Earth (8th edition), 2001, G. Tyler Miller, Wadsworth

4. Environmental Chemistry 7th Edition, Staniey E. Manahan, Lewis Publishers

Env. 610 Food Microbiology and Environment                  


 (4 Credits, 100 Marks)

1. Historical background of Food Microbiology; history of microorganisms in food; foods as a substrate for microorganisms; Contamination of Foods. 

2. Role and significance of microorganisms: primary sources of microorganisms found in foods; synopsis of common food borne bacteria, molds and yeasts. Intrinsic and extrinsic parameters of foods that affects microbial growth.

3. Indicators and food borne pathogens: Indicators organisms for food and water; coliforms, faecal coliforms; enterococci; total counts as indicators of food sanitation quality.

4. Food spoilage: spoilage of vegetables and fruits; spoilage of different kinds of meats; spoilage of eggs; spoilage of milk and milk products and spoilage of canned food.

5. Food poisoning: Staphylococcal gastroenteritis; food poisoning caused by Clostridium botulinum, Bacilus cereus, mycotoxins, aflatoxin and ochratoxins.
6. Fermented foods and other products: Bread, dairy products, cheese, curd, buttermilk; single cell protein, amino acids, citric acid, butyric acid and ethanol. 

7. Measurement of growth of microorganisms and cultivation of microorganisms: Types, uses and applications of culture media; designing of culture media for isolation of specific microbes; enrichment technique; Different methods for measurement of microbial growth.

8. Control of microorganisms: Control of microorganisms by physical agents, e.g. temperature, desiccation, osmotic pressure, UV, gamma ray, filtration etc.; Control of microorganisms by chemical agents, e.g. phenol, phenolic compounds and halogens, their mode of actions; Control by dyes and detergent; Control by antibiotics.

References:

1) Food Microbiology. W.C. Fraizer/ D.C. Westhoff. Tata McGraw-Hill Publishing Company Limited, New Delhi, India.

2) Modern Food Microbiology. James M. Jay. Van Nostrand Rainhold, NY, USA.

3) Microbiology. M. J. Pelczar Jr., E.C.S. Chan and N.R. Krieg, Tata McGraw-Hill Publishing Company Limited, New Delhi, India.

4) Microbiology: An Introduction. G. J. Tortora, B. R. Funke and C. L. Case. Pearson Education (Singapure) Pte. Ltd.

5) Microbial Ecology: Fundamentals and Applications. R. M. Atlas and R. Bartha. Benjamin/Cummings Publishing Company, Inc., California, USA. 

Env.  611   Methods of Tracking Environmental Changes              

(4 Credits, 100 Marks)

1. Scope and goal of tracking environmental changes and its relation to climate changes and human civilization, Paleoenvironmental changes, paleovegetational changes and and its relation to global climate.

2. Physical and lithostratigraphy techniques

3. Mineralogical and geochemical indicator techniques

4. Stable isotope and biomarker techniques

5. Exploration of the biogeochemical techniques in the Ganges flood plain and coastal area of Bangladesh.

Recommended References:

Tracking environmental changes using lake sediments; Physical and geochemical methods by lW. M. Last and J P Smol.

Biogeochemistry of Major World Rivers by E. T. Degens, S. Kempe and J. E. Richey

Env. 612   Remote sensing and GIS in Natural Resource Management
 (4 Credits, 100 Marks)

1. Introduction to different branches of Geographic Information Sciences (Global Positioning System (GPS), Remote Sensing (RS) and Geographical Information Systems (GIS)): Definition, history, functions and uses.

2. Remote Sensing: Fundamentals of Remote Sensing, Electromagnetic radiation, Sensors and platforms, Satellite data products, Image Interpretation, Digital image processing, Application of Remote Sensing.

3. Geographic Information System (GIS): Definition, Components, Geographical concepts, Types of input and output data, GIS data, Database management systems (DBMS), data quality and errors in GIS, GIS application, Future trends. 

4. Remote Sensing and GIS software: Introduction to Arc-View, Arc GIS, IDRISI, ERDAS IMAGINE, Operation and applications.

5. Spatial data analysis and modelling.

6. Application of Remote Sensing and GIS in natural resource management.

Recommended References:

1.
http://en.wikipedia.org/wiki/Geographic_Information_System

2. 
Chanda, A.M. and Ghosh, S.K., 2006, Remote Sensing and Geographical Information System, Narosa Publishing House, New Delhi.

3.
Peuquet, D.J. and Marble, D.F. 1993 Introductory Readings in Geographic Information Systems, London: Taylor and Francis. 

4.
Michener, W.K., Brunt, J.W.and Stafford, S.G. 1994. Environmental Information management and Analysis, Ecosystem to Global Scales, London: Taylor and Francis.

5.
Maguire, D.J., Goodchild, M.F. and Rhind, D.W. (eds) Geographical Information Systems, Vol. I and II, London: Longman.

6. 
Agorwal , C.S., 2000, A Text Book on Remote Sensing, 1st edition, Wheeler Publishing. 

Env. 613. Wastewater Treatment and Reuse



(4 Credits, 100 Marks)

1. Wastewater: An overview health and Environmental concerns in wastewater management, wastewater characteristics wastewater reclamation and reuse.

2. Constituents in wastewater: constituents of concern in wastewater, Physical characteristics: Solids Particle size Distribution, Turbidity, Color, Absorption/Transmittance, and Temperature, conductivity, Density, Specific Gravity and specific weight.

3. Inorganic Non metallic constituents: pH, chlorides, Alkalinity, Nitrogen, Phosphorus, Sulfur, Gases, Odors. 

4. Metallic Constituents: Importance of Metals, Source of Metals, Typical effluents Discharge Limits for metals. 

5. Aggregate Organic constituents: BOD, Total and soluble chemical Oxygen Demand (COD and SCOD), Total and Dissolved organic carbon (TOC and & TOC), Oil and grease, Surfactants.

6. Biological Characteristics: Microorganisms Found in surface waters and wastewater, Pathogenic Organisms, Use of Indicators organisms, Enumeration and Identification of Bacteria and viruses.

7. Biological Treatment: Over view of Biological wastewater treatment, Objectives of Biological Treatment, Role of Microorganisms in wastewater Treatment, Types of Biological processes for wastewater Treatment.

8. Sludge Process: Introduction to the activated sludge process, Evolution for BOD Removal and Nitrification, Biological phosphorus removal process.

9. Disinfection Processes: regulatory Requirements for wastewater Disinfection, Characteristics of an Ideal Disinfection, Factors Influencing the Action of Disinfectants Disinfection with Chlorine.

10. Advanced Effluents Treatment Plant (ETP): Removal of organic and Inorganic Colloidal and Suspended Solids, Removal of organic and Inorganic Dissolved, removal of Biological Constituents.

11. Water reuse: The role of water recycling in the Hydrologic cycle, Wastewater Reuse Applications.  

Recommended References:

1. Wastewater Engineering: Treatment and reuse 4th edition, Metaclf & Eddy, Inc By Franlin L Burton and H.David stensel.

2. Industrial Water Pollution Control, Second Edition, By W. Wesley Eckenfelder, Jr
Env. 614. Marine Community Ecology 




        (4 Credits, 100 Marks)

Part I
Processes influencing pattern in marine communities - Physical processes, Community assembly in the sea floor, Genetic structure in the sea, Natural disturbance and the dynamics of marine benthic communities, Ecology and evolution of marine consumer-prey interactions, Larval ecology of marine communities, Supply-side ecology, Habitat modification and facilitation in benthic marine communities.

Part II

Community Types - Rocky intertidal communities, Soft-sediment communities, Salt-marsh communities, seagrass communities, Rocky subtidal communities, Deep-sea communities, Ecology of coral reefs, Mangrove communities.

Part III
Human alterations of marine communities, Conservation and management of marine communities, Ecology of marine protected areas.

Recommended References:

1. Bertness, M.D., Gaines, S.D. and Hay, M.E. 2001. Marine Community Ecology, Sinauer Associates, Inc, Sunderland, USA.
2. Morin, P.J. 1999. Community Ecology, Blackwell Science, Inc., USA.
Env. 615. Marine Bioinvasion



           
            (4 Credits, 100 Marks)
1. Concept of marine metapopulation and community ecology based on bioinvasion, basic patterns and processes.
2. Bioinvasion, Phases of marine bioinvasions, Invasion dynamics, Early phase of marine bioinvasions, Identification of marine bioinvasion, lag time.
3. Factors affecting invasion success, Biotic resistance in marine invasion, Predation driven biotic resistance, Effects of competition for invasion success, Recruitment vs. post-recruitment processes as determinants of population abundance. 

4. Role of propagule pressure, species richness and spatial resources in invasion success.

5. Range expansion of invasive species, native range, pattern and processes.

6. Interactions between invasive and native species, Impacts of invader on native biodiversity.

7. Biological control of invasive species.

8. Marine bioinvasions: worldwide, Impacts of marine invasion on global and national scales.

9. Invaded harbours, Biofouling, Intra regional spread of invasive species.

10. DNA barcode and metagenetic approaches for monitoring and surveillance of marine invasive species.

11. International conferences on marine bioinvasions.

Recommended References:
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Env. 616. Biomonitoring of pollution and mitigation


            (4 Credits, 100 Marks)
1. Pollution and Biomonitoring: An Overview, Chemical versus Biological Pollution Monitoring.
2. Environmental health: Monitoring of environmental health by using biological indicator, Diatom and other phytoplankton as indicator of water quality. 
3. Algal Assay Approaches to Pollution Studies in Aquatic systems: Concepts, algal assay approaches, methods and experimental procedures, toxicity guidelines for natural waters.

4. Plant Bioassay for Monitoring Industrial Wastes: Introduction, microalgae, macroalgae, aquatic vascular plants and rooted vascular plants for monitoring toxicity.

5. Seaweeds for Monitoring Eutrophication and Heavy Metal Pollution: Introduction, seaweeds as bioindicators for eutrophication, biomonitoring at the community level, biominitoring at the species level, seaweeds as bioindicators for heavy metals.

6. Wastewater treatment with aquatic macrophytes: Aquatic macrophytes in wastewater treatment systems; Suitability, mechanisms of action, design considerations, economics and environmental impact. Eichhornia crassipes and using of other macrophytes - biosystems for metal pollution abatement: Experimental designs, Bioaccumulation of metals in Eichhornia, Possible mechanisms of metal tolerance, Biological effects of plant-sequestered heavy metals on Neochetina, Binding of metals in biological systems.
7. Protozoa: Bioindicators of Environmental Monitoring and Pollution Control - The biological Peculiarities of Protozoa, Protozoa and environment, protozoa as bioindicators, use of protozoa in water purification plants, protozoa and soil pollution monitoring.
8. Phytoplankton for monitoring and mitigation of pollution: Diatoms, phytoplankton and periphyton for monitoring of pollution; phytoplankton for the abatement of metal pollution.
9. Zooplankton for Monitoring Heavy Metal Pollution: Heavy metal accumulation in marine ecosystems, heavy metal accumulation in freshwater ecosystems, zooplankton bioassay.  
10. Toxicity testing through fish bioassay: Toxicity tests, protocols for toxicity testing, application of toxicity data.

11. Emerging Technologies: Bioreporters, biosensors and microprobes; biosensor detection of pollutants - structure of a biosensor, classification of biosensor, environmental application of biosensor; automated biomonitor.
Recommended References:

1. Rana, B.C. 1995. Pollution and Biomonitoring, Tata McGraw-Hill Publishing Company Limited, New York.

2. Misra, K.C. 1989. Manual of Plant Ecology. Oxford and IBH Publication Pvt. Ltd, New Delhi, India.
3. Environmental Microbiology. Christon J. Hurst et al. Second Edition, 2002, ASM Press, Washington, D.C..

4. Introduction to Environmental Biotechnology. A.K. Chatterji, 2005, Prentice Hall of India Pvt. Ltd.

5. Biotechnological Methods of Pollution Control. SA Abbasi and E. Ramasami, First Edition, 1999, Universities Press Ltd., India.

6. Modern Concepts of Microbiology. H.D. Kumar and Swatic Kumar, First Edition 1998 Vikas Publ. House, India.

7. A Textbook of Microbiology. R.C. Dubey and D.K. Maheshwari, First Edition, 2004, S. Chand and Company Ltd. New Delhi.

Env. 617. Biodegradation and Bioremediation


                          (4 Credits, 100 Marks)
1. Biotechnological methods in pollution abatement: Biotechnology in the reduction of CO2 emission; Algal photosynthesis in waste treatment; Eutrophication in biological phosphorus removal; Metal pollution and its bioabetement; cell immobilization as a tool in waste treatment.

2. Biotransformation and Biodegradation: Microbial basis of biodegradation, factors influence biodegradability of a xenobiotic compound, influence of chemical nature of compound in biodegradation process, sequential degradation, Aerobic and anaerobic biodegradation; Bioaugmentation; Biodegradation of hydrocarbons, herbicides, pesticides and halogenated solvents; Biodegradation and transformation of nitoaromatic compounds, pesticides; Biotransformation of polychloronated biphenyls (PCB): Testing for Biodegradability.

3. Biohydrometallurgey and Biomining: Bioleaching- Cu bioleaching, Au bioleaching, Ur bioleaching; Factors affecting bioleaching; Biosorption; Bioabsorbent microbial groups.

4. Bioremediation – Bioremediation efficacy testing, side effects testing, Approaches to Bioremediation- Environmental modification for bioremediation, Microbial seeding and bioengineering approaches to the bioremediation of pollutants/toxic substances, Bioremediation of various ecosystems- Bioremediation of contaminated soils and aquifers, Bioremediation of marine oil spills and air pollutants.

5. Genetically Engineered microbes in biotreatment of wastes. 

6. Metal pollution and phytoremediation- Phytoremediation of heavy metals of contaminated ecosystem, phytoremediation through the mobilization of heavy metals among plants, water and sediments in aquatic systems.
7. Wastewater treatment strategies using aquatic macrophytes- Wastewater treatment with various categories of aquatic macrophytes, Suitability, mechanisms of action, design considerations, economics and environmental impact. Eichhornia crassipes and using of other macrophytes - biosystems for metal pollution abatement: Introduction, Experimental designs, Bioaccumulation of metals in Eichhornia, Possible mechanisms of metal tolerance, Binding of metals in biological systems, Thin film technique for wastewater treatment using aquatic macrophytes.
Recommended References:
1. Biodegradation and Bioremediation. Ed. Martin Alexander, Academic press new York, USA. 
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3. Environmental Biotechnology (Industrial Pollution Management). S.N. Jogdand. Himalaya Publishing Ltd.

4. Manual of Environmental Microbiology, 2nd edition, 2002. C.J. Hurst et. al.. ASM Press, Washington DC, USA.
5. Biotechnological Methods of Pollution Control. SA Abbasi and E. Ramasami, First Edition, 1999, Universities Press Ltd., India.
6. Microbial Ecology. Fundamentals and Applications, Atlas and Bartha, Fourth Edition, Benjamin Cummings Publishers.
Env. 618. Ecology, Biodiversity and Nature Conservation


         (4 Credits, 100 Marks)
Part I
Introduction: Concepts, principles, branches and scopes of ecology.
Autecology, Population and Population regulations: Definition and outlines of autecology, different aspects of autecological study of species, ecological features of species, and significance of autecological study, definition and characteristics of population dynamics, population growth, factors regulating population size.
Community and Community dynamics: Definition, concepts, characteristics and composition of community, community classification, life-form and biological spectrum, physiognomy, community development and evolution, community dynamics, diversity index (Shanone-Winner index).
Ecosystems and Ecosystem dynamics: Defination and concept of ecosystem, structure, components and functions of ecosystem, classification and description of ecosystem, ecosystem dynamics and energy flow in ecosystem, inter-relationships of ecosystem.
Ecological factors and their impacts: Introduction, Climatic factors: Light, Temperature, Precipitation, Humidity, Wind-speed and their effects on vegetation; Edaphic factors: Soil types, profiles, components, factors affecting vegetation, soil- water, soil micro-organism and their roles, soil physical and chemical properties; Physiographic factors: Topographic conditions and their effects on vegetation, and Biotic factors: Types, interactions between plants, animals and man, interactions between plants and plants, and interactions between plants and micro-organisms.
Part II
Basic concepts of Biodiversity: Definition, significance of Biodiversity, Benefits from Biodiversity, Types of Biodiversity, Biodiversity and species concept, Status of biodiversity in Bangladesh.

Threats and Conservation of Biodiversity: Depletion of Biodiversity, Causes of threatening Biodiversity, IUCN categories of endangered species, Red data book, Measures for Biodiversity conservation, Protected area and biosphere serves Role of Zoos, Botanical gardens and captive breeding programme.

Conservation Biology: Fields with which conservation biology interfaces; Conservation biology and biodiversity; Biodiversity crisis and the origin of conservation biology; Responsibilities of conservation biology. 

Global Biodiversity: Components of biodiversity; Richness of life on the earth; Measures of diversity; A framework for managing biodiversity; Defining priorities for conservation and sustainable use; Protecting and restoring ecosystems, species, populations and genetic diversity; Legal measures for sustainable use and protection of biodiversity; Building capacity for biodiversity management, Biodiversity prospecting.

Techniques and methods of biodiversity conservation; Germplasm conservation and seed banks: Uses of genetic information in conservation; management categories for conservation: Protected areas of Bangladesh. 
Part III
Forest  resources of Bangladesh as resource base and their conservation, Forest Ecosystems of Bangladesh: Role of forest dwellers for ecosystem sustainability; Hill forest and Sal forest of Bangladesh as potential resources, The Sundarbans biodiversity conservation, Wildlife of Bangladesh as a resource and their protection; Participatory Forestry: Agro-forestry and Social Forestry.
Wildlife resources of Bangladesh and their conservation: (a) Wildlife management in Bangladesh (b) Wildlife management principles: Ecological basis, hunting refuges, predator control, artificial stocking, carrying capacity, habitat improvement, interspersion, territories, diseases (c) List of extinct wildlife of Bangladesh.
Wetlands of Bangladesh: History and heritage of wetlands, Importance of wetlands for Bangladesh- Wetlands of Bangladesh as resource base and their management practices, Resources of wetlands, Haor basins of Bangladesh as resource base - Haor systems of international importance; Socioeconomic values of wetlands, Marine and estuarine ecosystem of Bangladesh; Coral reef - St. Martin island and its significance; Impact of development activities on wetlands, Management and regulations of wetlands - National and global importance of coastal and wetland biodiversity, Coastal wetlands biodiversity management, Mangroves of the Sundarbans; Aquaculture and mangrove forestry, International collaboration for management of wetlands; ECA.
Coastal Afforestation and Environment: Plantation in coastal areas of Bangladesh; Windbreaks and Shelterbelts: Wind and vegetation, functions of windbreaks and shelterbelts, types of windbreaks and shelterbelts for coastal regions.

Restoration of damaged ecosystems and endangered population: Restoration and the conservation Biology- Understanding of ecological theories relevant to restoration, Trajectories of restoration projects, Key ecological goals of restoration, Ecological restoration, animal reintroduction, restoration in marine environment, environmental regulations that drive restoration practice, steps designing and implementing ecological restoration, restoration challenges

Sustainable Living in the Biosphere: Biodiversity under protection; International geosphere - biosphere program (IGBP); World Conservation strategy; IBP and MAB Programs.

National biodiversity conservation strategy for ecosystem sustainability of Bangladesh.
Recommended References:
1. Odum, E.P. Ecology. Modern Biology Series. Oxford & IBH Publocation Co.Ltd. New Delhi.
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5. Edward J. Kormondy. Concepts of ecology. Prentice-Hall of India Private Limited. New Delhi-110 001.
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9. Frankel. O.H. Brown, A.H.D. and Burdan, J.J. 1995. Conservation of Plant Diversity, Cambridge University. Cambridge.

10. Kapoor-Vijay. P. and White, J. 1992. Conservation Biology; A Training Manual for Biological Diversity and Genetic Resources. The Commonwealth Science Council, London. U.K.

11. Khan, M.S.1991 Towards Sustainable Development; Conservation of Genetic Resources of Bangladesh NCS Series, published by IUCN, Ministry of Environment and Forest and NCS Secretariat. BARC, Farmagate, Dhaka.

12. Flint, M. 1991. Biological Diversity and Developing Countries: Issues and Options. ODA, London, U.K.

13. Red Book of Threatened Flora of Bangladesh. 2000 IUCN-The World Conservation Union. Dhaka, Bangladesh.

14. Conservation Biology, 1997, George W. Cox., Wm. C. Brown Publishers, London.

15. Freshwater Wetlands in Bangladesh: Issues and Approaches for Management, 1993, Nishat A., Hussain Z., Roy M.K. and Karim A. IUCN, Bangladesh. 

16. Najma Heptulla. 1993. Environment proteetion in developing countries, Oxford and IBH Publishing Co. Pvt. Ltd. New Delhi.

17. Dwivedi, A.P. 1992. Agroforestry Principles and Practices, Oxford and IBH Publishing Co. Pvt. Ltd. New Delhi.

18. L. DeVere Burton. 2000. Introduction to Forestry Science. Delmar Publishers, New York. 

19. C. Philip Wheater. 1999. Uraban habitats, Routledge Publication Ltd., London.  

20. Neaz Ahmad Siddiqi. 2001. Mangrove Forestry in Bangladesh. Institute of Forestry and Environmental Sciences, University of Chittagong.
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