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In view of the environmental concerns regarding water, sediments, soil, air and biospecies scientific study of the myriad environmental impacts with a goal to obtaining their mitigation, proper monitoring of the impacts, management and above all creation of scientific capacity building and training of personals is a crying need of the hour in Bangladesh. With this aim in view the Department of Environmental Sciences has been established.

Environmental Sciences comprises a multidisciplinary endeavour to seek knowledge for the well being of the society. Therefore holism and interconnectedness of various disciplines should come in to signify the guiding principles for enunciating course structure and contents of Environmental Sciences study from the very beginning to the highest level.

In keeping with the course structures of the other Science Departments of Jahangirnagar University, following course structure for B.Sc. (Hon's) in Environmental Sciences is proposed. The course of study for (Hon's) degree shall extend over a period of four academic years and shall be divided into four parts, e.g., Part I, Part II, Part III and Part IV conforming to the University Ordinance (Integrated System). 

Of the total marks in a particular theory course 70% will be from the written examination to be held at the end of the course and 20% from tutorials and 10% from class attendants throughout the course. For the practical course 80% will be from a final examination to be held on completion of the courses and 20% from regular assessment of the course. There will be a viva voce examination at the end of each part. Distributions of credits are shown below:
	
	Course type
	Credits
	Units
	Marks

	1.
	Theoretical courses
	100
	25
	2500

	2.
	Practical/ Field/ project
	22
	5.5
	550

	3.
	Viva voce
	8
	2
	200

	
	Grand total:
	130
	32.5
	3250


	
	Part I
	Part II
	Part III
	Part IV

	Theoretical 4 credits Courses
	4
	3
	3
	3

	Theoretical 2 credits Courses
	3
	5
	7
	9

	Practical & Field related courses
	3
	3
	3
	2

	Viva voce
	1
	1
	1
	1


Overviews of syllabus are given below:

Part-I
	Course no.
	Title of the course
	Credit

	Env.110
	Introduction to Environmental Sciences
	4

	Env.120
	Fundamental of Chemistry
	4

	Env.130
	Fundamental of Earth Sciences
	4

	Env.140
	Fundamental of Biological Sciences
	4

	Env.105
	Mathematics and Statistics for Environmental Sciences
	2

	Env.115
	Meteorology and Climatic process
	2

	Env.125
	Environmental Physics
	2

	Env.111
	General Chemistry practical: Qualitative and Quantitative Analysis
	2

	Env.121
	Laboratory and Field work on Earth and Environmental Sciences
	2

	Env.131
	Laboratory and field work on Biology for Environmental sciences
	2

	
	Viva voce
	2

	Total
	Total
	30


Part-II
	Course no.
	Title of the course
	Credit

	Env.210
	Environmental Chemistry
	4

	Env.220
	Environmental Earth Sciences and Soil Sciences  (A and B)
	4

	Env.230
	Environmental Biology
	4

	Env.205
	Analytical Chemistry
	2

	Env.215
	Remote sensing and GIS
	2

	Env.225
	Hydrochemistry
	2

	Env.235
	Environmental Data Handling and Statistics
	2

	Env.245
	Environmental Economics and Population Dynamics
	2

	Env.211
	Laboratory and Field work in Environmental Chemistry
	2

	Env.221
	Practical training on environmental data handling, remote sensing and GIS
	2

	Env.231
	Laboratory and Field work in Environmental Biology
	2

	
	Viva Voce
	2

	
	Total
	30


Part-III

	Course no.
	Title of the course
	Credit

	Env.310
	Industrial Pollution and Mitigation
	4

	Env.320
	Integrated Coastal Zone and Floodplain Managements
	4

	Env.330
	Energy, Environment and Sustainable Development: Bangladesh perspectives
	4

	Env.305
	Environmental Biochemistry and Eco-Toxicology
	2

	Env.315
	Environmental Geochemistry
	2

	Env.325
	Environmental Microbiology
	2

	Env.335
	Ecology and Biodiversity
	2

	Env.345
	Geography and Geology of the Bengal Basin
	2

	Env.355
	Hydrology and Water Resources
	2

	Env.365
	Waste Management
	2

	Env.311
	Laboratory and field work on Environmental Pollution and Mitigation
	2

	Env.321
	Laboratory and Field work in Environmental Earth and Soil Science
	2

	Env.331
	Field and laboratory work on Ecology and Environmental Microbiology
	2

	
	Viva Voce
	2

	
	Total
	34


Part-IV
	Course no.
	Title of the course
	Credit

	Env.410
	Instrumentation in Environmental Sciences
	4

	Env.420
	Biological pollution and Mitigation
	4

	Env.430
	Environmental Hazards and Disaster managements
	4

	Env.405
	Environmental Biogeochemistry
	2

	Env.415
	Health, Sanitation and Environment
	2

	Env.425
	Environmental Impact Assessment and Planning
	2

	Env.435
	Environmental Geophysics
	2

	Env.445
	Nature Conservation
	2

	Env.455
	Environmental Modelling
	2

	Env.465
	Limnology and Oceanography
	2

	Env.475
	Agriculture and Environment
	2

	Env.485
	Environmental Laws, Protocols and Ethics
	2

	Env.411
	Project work/Internship
	2

	Env.421
	Field work in Environmental Sciences
	2

	
	Viva Voce
	2

	
	Total
	36


Detail Course Contents for Four Years B.Sc. Honours Degree in Environmental Sciences
Part I
Env.110 Introduction to Environmental Sciences (4 Credits, 100 marks)
1. Definition, scope and goal of environmental sciences, it relation to other disciplines of science, environmental issues in Bangladesh and role of environmental science, state of environmental awareness, environmental communication and action oriented programs in Bangladesh and South Asia  

2. Multidisciplinary nature of environmental Sciences: Historical and philosophical basis, concept of Gaia: the interconnectedness of lithosphere, hydrosphere, atmosphere and biosphere.

3. Natural Resources: Renewable and non-renewable resources, Natural resources and associated problems, Role of an individual in conservation of natural resources, Equitable use of resources for sustainable lifestyles. 

4. Biogeochemical Cycles of some important elements: Carbon, Nitrogen, Sulfur; their implication for global environmental changes.

5. Ecosystems: Concept of an ecosystem, Structure and function of an ecosystem, Producers, consumers and decomposers, Energy flow in the ecosystem, Ecological succession, Food chains, food webs and ecological pyramids, Introduction, types, characteristic features, structure and function of the following ecosystems (Forest ecosystems, Grassland ecosystems, Desert ecosystems, Aquatic ecosystems).

6. Biodiversity and its conservation: Introduction, Definition (genetic, species and ecosystem diversity), Biogeographical classification of Bangladesh, Value of biodiversity, Biodiversity at global, national and local levels, Conservation of biodiversity: In-situ and Ex-situ conservation of biodiversity

7. Environmental Pollution: Definition, causes, effects and control measures of Air Pollution, Water pollution, Soil pollution, Marine pollution, Noise pollution, Thermal pollution and Nuclear hazards; Solid waste (Causes, effects and control measures of urban and industrial wastes), Role of an individual in prevention of pollution, Concept of Disaster (Floods, earthquakes, cyclones and landslides).

8. Environmental Issues: Green house gases and their impact, trends and projection of future emissions, global warming, acid rain, ozone layer depletion, climate change and sustainable development

Recommended References:
1. Textbook of Environmental Studies by Erach harucha, Universities Press, India, 2005.

2. Environmental Chemistry by S.E. Manahan, 8th Edition, Lewis Publishers, 2000.
3. Environmental science earth as a living planet by Arms, K., Aaunders college publishing, 1990.

4. Environmental science an introduction by Miller.Jr., G.T..

5. Environmental science earth as a living planet by Daniel B.Botkin, E.A.K., John Wiley and sons inc., 1998.

Env. 120 Fundamental of Chemistry 
(4 Credits, 100 Marks)

1. The States of Aggregation of Matter: Gaseous, liquid and solid 
The Gaseous States: The gas laws, kinetic theory of gases, distribution of molecular velocities, molecular diffusion and effusion, deviations from ideal gas behavior, the van der Waals equation of state, abnormal vapor density, association and dissociation, degree of dissociation.

The Liquid State: Liquefaction of gases, the critical state, determination of critical constants, the principle of corresponding state, attainment of low temperature, vapor pressure of liquid, surface tension
The Solid State: Properties of solids, crystalline and amorphous solids, the crystal system. 

2. Solutions and Colloids: Types of solutions, concentration units, Henry’s law, Nernst distribution law, solvent extraction, solution of non-electrolytes, vapor pressure lowering, boiling point elevation, freezing point depression, osmotic pressure, determination of molecular weight of solute from measurement of these properties, colligative properties of electrolytes, Colloids: Colloidal dispersions, some properties of colloids, colloidal pollutants.

3. The First Law of Thermodynamics: Formulation of the law, the nature of internal energy, reversible and irreversible processes, Joule-Thomson experiment. 

4. The Structure of Atoms: Rutherford’s nuclear theory, isotopes and mass spectrograph, Plank’s quantum theory and photoelectric effect, Bohr’s model of the atoms and atomic spectra, Bohr-Sommerfield modification, Hund’s rule, Pauli exclusion principle, Aufbau principle, electronic configuration of atoms, uncertainty principle, electron probability distribution, wave-particle duality, shapes of orbital.

5. The Periodic Law and Modern Periodic Table: Some periodic properties of the elements: metallic behavior, atomic size, ionization energy, electron affinity and electronegativity, classification of elements. 

6. Concepts of Chemical Bonds and Shapes of Molecules: Causes of reactivity of the elements and the octet rule, ionic, covalent and coordination bonds, preliminary treatment of the valence bond theory and the molecular orbital theory, hydrogen bond, metallic bond, van der Waals forces, the valence shell electron pair repulsion (VSEPR) theory for shapes of simple molecules.

7. General Concept of Oxidation-Reduction and Acid-Bases: Oxidation number and oxidation-reduction processes, balancing oxidation-reduction reactions, different concepts of acids and bases, relative strengths of acids and bases. 

8. Organic Chemistry: General classification of organic compounds, structure, conformation, nomenclature, preparation, physical and chemical properties of different hydrocarbons (alkanes, olefenes, acetylenes, dienes and polymer), A General Concept on Preparation, Physical and Chemical Properties, Reaction Type and Structure of alcohols, aldehydes, ketones, carboxylic acid and amines.
9. Aromatic Hydrocarbons and Heterocyclic Compounds: Sources, isolation, reactions and structure. Aromaticity of heterocyles: Pyrrole, furan, thiophene and pyridine.

Recommended References:
1. Principles of Physical Chemistry, M.M. Haque and M.A. Nawab (Student Publications).

2. Elements of Physical Chemistry, S. Glasstone and D. Kews (McMillan & Co. Ltd).

3. Physical Chemistry, P.W. Atkins. 

4. General Chemistry, D.D. Ebbing..

5. Introduction to Modern Inorganic Chemistry, S.Z. Haider.

6. Basic Inorganic Chemistry, Cotton and Wilkinson, 4th Edn.
7. Organic Chemistry, R.H. Morrison and R.N. Boyd, Prentice-Hall, Inc.

Env. 130 Fundamental of Earth Sciences
 (4 Credits, 100 Marks)
1. Introduction to Earth Sciences: Definitions of Earth Sciences (Geological Sciences) and Environmental Science. The scope and subdivisions of Geological Sciences. Relationship between Earth Sciences and Environmental Science. 

2. The Universe, Solar System and the Planet Earth: Big-Bang theory, solar system, different planets, origin of the solar system, interior of the earth layers of different compositions, layers of different physical properties, geothermal gradient.

3. Minerals: Mineral's chemistry, definition, physical properties, common minerals - silicate minerals, carbonate, phosphate, and sulfate minerals, ore minerals. Rock: Definition, types.

4. Igneous and Volcanic Rocks: Igneous and volcanic activities, magma and its origin, solidification of magma, characteristics of lava, different types of plutons, volcanic landforms, classifications of igneous rocks. 

5. Sedimentary Rocks: Definition, origin, classification, texture, structure, sedimentary facies and depositional environments.

6. Metamorphic Rocks: Definition, metamorphism (limits, controlling factors and types), kinds of metamorphic rocks, metamorphic facies. 

7. Fossils, Evolution, and Extinction: Definition of fossil, types of preservation, conditions that favor preservation of fossils, types of evolution, reasons of extinction.

8. Geologic Time: Absolute vs relative time, radiometric age dating, and relative dating techniques, unconformities, correlation and geologic time scale.

9. Deformation of Rock: Stress and strain, stages of deformation, ductile deformation vs fracture, brittle-ductile properties of the lithosphere, evidence of former deformation.

10. Plate Tectonics: Continental drift, plate tectonics, continental collision, cause of plate tectonics, relation amongst plate tectonics, continental crust and mountain building.

11. Resources of Minerals and Energy: Mineral resources, origin of mineral deposits, useful mineral substances, energy resources, fossil fuels and other sources of energy.

Recommended References:
1. Skinner, B.J. & Porter, S.C., 1995, The Dynamic Earth, 3rd Edn, John Wiley & Sons, Inc., New York.
2. Holmes, D.L., 1978, Holmes Principles of Physical Geology, ELBS and Thomas Nelson & Sons Ltd., Nairobi.

3. Judson, S. and Kauffman, M.E, 1990, Physical Geology, Prentice-Hall Inc., New Jersey.

4. Press, F. & Siever, R., 1974, Earth, W.H. Freeman & Co., San Francisco.

5. Spencer, E.W., 1983, Physical Geology, Addison-Wesley Publishing Co, Inc., California.

6. Miller, R.W. & Donahue, R.L. 1997, Soils in Our Environment, Prentice-Hall Inc.

Env. 140 Fundamental of Biological Sciences 
(4 Credits, 100 Marks)

1. Introduction: The structure and function of a living organism in this natural environment; components and ecological inter-relationships; Origin and evolution of life; Evolution in the plant and animal kingdom.

2. Brief account about Interactions between Environment and Organisms: Ecological concepts-Environment, Limiting Factors, Habitat and Niche; Kinds of Organism Interactions; Community and Ecosystem. 

3. Classification: Groups of plants and their modern classification systems; Principles and kinds of classification; detailed study of Artificial (Linnaeus), Natural (Benthum and Hooker) and Phylogenetic (Engler and Prantle) classification; Outline of Whittaker’s system of classification. Monera-Protista; Eukaryotic and Prokaryotic Concept.

4. Taxonomy and systematic: Principles of nomenclature; author citation, principle of priority and conserved name, Herbarium: Definition, field and herbarium techniques; major herbaria of the world; Bangladesh National herbarium, preservation of funa
5. A brief introduction to major groups of bacteria and virus: Archaebacteria and Eubacteria; Gram negative and Gram positive bacteria; Growth of bacteria; Mycoplasma; Bacteriaophage and its multiplication; Economic and Ecological Importance of bacteria and virus.

6. Fungi: General characters and classification of fungi; Salient features and life cycle of the following genera: Synchytrium, Phytophthora, Aspergillus, Penicillium, Helminthosporium, Saccharomyces; Economic and Ecological importance of fungi. 

7. Algae: General characters and classification (upto class) of Algae: The general characters and economic importance of the classes: (a) Cyanophyceae, (b) Chlorophyceae, (c) Bacillariopyceae, (d) Xanthophyceae, (e) Chryosphyceae, (f) Euglenophyceae, (g) Phaeophyceae, (h) Rhodophyceae ; Economic and Ecological importance of algae. 

8. General characters, classification and biological significance of zooplankton and phytoplankton.

9. Biological and ecological significance of higher plants and animals
10. Economical, biological and ecological importance of bryophytes and pteridophytes.      

11. General characteristics and classification of animal phyla; species concept and taxonomic categories. 

Recommended References:      

1. Pelezar, M.J. Chan. E.C.S. and Krieg. N.R. 1993. Microbiology. Concepts and Applications. McGaw-Hill Inc.

2. Alexopoulos, C.J. Mims, C.W. and Blackwell, M. 1996. Introductory Mycology (4th ed.), John Wiley and Sons Inc. New York.

3. Ashrafuzzaman, H. 1991. A text book of plant pathology. Bangladesh Agricultural Research Council.

4. Sharma, O.P. 1989. Text Book of Fungi. Tata McGraw-Hill publishing Company Ltd., New Delhi.

5. Prescott. G.W. 1984 (1st ed.). The Algae: A review, Bishen Sing Mahendra pal Singh and Otto Koettz Science Publishers.

6. Pandev. B.P. 1986. Algae. S. Chand and Company Reprint.

7. Porter. C.L. 1969. Taxonomy of Flowering Plants Eurasia Publishing House, New Delhi, India. 

8. Jones. B.S and Luschinger, A.E. 1979. Plant Systematics McGraw Hill Book Co. New Delhi, India.

9. Kershaw, R.D. 1983. Animal Diversity, University Tutorial Press, U.K.

10. Storer, T.I & R.L. Usinger, 1979. General Zoology, (3rd Edition), Oxford University Press. Inc. New York.

11. Ricki Lewis. 1992. Life, WMC Brown Pub. Ltd.

12. Pandey. B.P, 1985. A text book of Botany. Angiosperms. S. Chand and Campany Ltd. New Delhi

Env. 105 Mathematics and Statistics for Environmental Sciences
(2 Credits, 50 Marks)
Mathematics
1. Functions and their graphs for real numbers; limit and continuity; derivatives of elementary functions; chainrule; higher derivatives; partial derivatives; total differential; application to geometry-tangent, normals, maxima and minima, asymptotes.

2. Indefinite integral as inverse of derivatives; techniques of integration; definite integral as limit of a sum, interpretation as areas; determination of length and area of plane curve, beta and gamma functions.

3. Ordinary differential equations; general principles; elementary standard types; linear equation with constant co-efficients.

4. Vector space; differentiation of vectors; gradient, divergence, curl and their physical differences; linear dependence; base and dimension.

5. Summation of finite series (both algebraic and trigonometric).

Statistics

1. Representation of data: pie chart, bar chart, histogram, and frequency distribution.
2. Measures of central tendency: Mean, mode, median.
3. Measures of dispersion: variance, standard deviation, co-efficient of variation, mean deviation, range, quartile deviation, moments.
4. Relationship between variables: correlation analysis, regression analysis.
5. Probability: addition of probabilities, conditional probabilities. 

Recommended References:
1.  Method of Statistics by M.G Mostofa Karim Press and publications, Dhaka.

2. A Study Guide to Epidaciology and Bio-statistics by Richard Morton and J. Richard Hebel University park press.

Env. 115 Meteorology and Climatic Processes 
(2 Credits, 50 Marks)
1. Meteorology: Definition, Scope and Sub-classifications, History of meteorology, Nature, origin and composition of the atmosphere, Vertical divisions of the atmosphere; Meteorological equipment and Weather forecasting: Surface measurements, Application of remote sensing, Satellite observation.
2. Heating Earth's Surface and Atmosphere: Solar Insolation of the earth and heat budget, Variability of insolation, World distribution of insolation, Vertical distribution of temperature

3. Water balance of the atmosphere: Humidity, Physical changes of state of water Processes of cooling to produce condensation and sublimation, Clouds formation and classification, Fog formation and type, Precipitation, causes, forms and types.

4. Air Pressure and Winds: Pressure, vertical distribution of pressure, Pressure gradient and wind, Factors affecting wind speed and direction; General atmospheric circulation, Seasonal changes in the general circulation, Oceanic circulation, Monsoon, local winds, mountain and valley breeze; Stability and instability, air masses sources region and classification, Extra tropical cyclone, anti cyclone, Thunderstorms.

5. Climate controls and Climate: Definition, production of climates, Climatic classification of the world and Worlds climatic regions, the role of oceans, El Nino-Southern Oscillation (ENSO) events, La Nina events, preliminary concepts of climate change.

Recommended References:
1. Franklyn W. Cole, Introduction to Meteorology, 3rd Edition, John Wiley and Sons.

2. Atmosphere, weather and climate, 7th Edition, Roger G. Barry and R. J. Chorley.

3. Edward Bryant, Climate Process and Change, Cambridge University Press, 1997.

4. Trewartha and Horn, An Introduction to Climate, 5th Edition.

5. IPCC report (recent edition)

Env.125 Environmental Physics

            
(2 Credits, 50 Marks)

1. Measurement: The physical quantities, standards and units, International systems of units, precision and significant figures, dimensional analysis.

2. Essentials of Environmental Physics, The economic system and heat transfer and relevant physical processes, Noise; basic acoustics, human perceptions and noise criteria, reducing the transmission of noise.

3. Introductory concepts of properties of matter; elasticity, surface tension, viscosity; heat transfer and change of state.

4. Introductory concepts of electricity, magnetism and gravity and relevant basic laws, application in resource of recovery.

5. Elementary spectroscopy: Introduction to solar spectrum, black body radiation, ozone and UV light, solar UV and light, ozone filter.

6. Radioactivity and Radiation Effects: Interaction of Radiation with Matter; Radioactivity, laws of radioactivity, important decay chains, Radiation effects; Acute effects, Delayed effects, Basic radiation dose limits and Standards; sources of environmental radioactivity, case study; Atomic Energy Center, Diagnostic Centers etc. 

7. Radiation Protection: Basic principles, Techniques of radiation protection- time, distance and shielding, Dose measuring instruments, Survey meter, Pocket Dosimeters. TLD etc.

Recommended References:

1. E. Boeker, R. van Grondelle, Environmental Physics, John Wiley and Sons., 1996.

2. Halliday, Resnick, Krane, Physics Vol I and II 4th  Edition, 1994. 

3. Herman Cember, Introduction to Health Physics, McGRAW-HILL, INC.

4. Martine and S.A. Harbison, An Introduction to Radiation Protection, London, Chapman and Hall.

Env. 111 General Chemistry Laboratory: Qualitative and Quantitative Analysis      

(2 Credits, 50 Marks)
1. Introduction: Laboratory protocol, code of conduct, laboratory wears, safety rules, laboratory waste disposals, laboratory log book, acquaintance with common laboratory glassware and apparatus, characteristics of corrosive, hazardous and flammable liquids, primary and secondary standard substances, minimisation of parallax, operational and personal errors, representative data, laboratory data interpretation, dimensional analysis (factor-label method), calculation of equivalent weights of oxidizing agents, mass percentage, theoretical and percentage yield, calculation of strengths of standard solution, percentage of error calculation.

2. Preparation of Solutions: Preparation of normal and molar solution of common acid and bases, preparation of normal solution of oxidizing and reducing reagents (e.g, potassium dichromate, sodium thiosulfate, ferrous ammonium sulfate), preparation of dilute solutions, series dilution and strengths calculation of primary standard substances.

3. Acid-Base Reaction: Standardisation of base against standardise acid, standardisation of acid against standardise base.

4. Oxidation-Reduction Reaction: Determination of ferrous iron, ferric iron and total iron by oxidation with standard potassium dichromate solution.

5. Determination of cation and radicals by systematic qualitative analysis (group test).

6. Determination of anionic species by systematic qualitative analysis (group test).

Env. 121 Laboratory and Field work on Earth and Environmental Sciences 

(2 Credits, 50 Marks) 

1. Identification of Rocks and minerals on hand specimen 
2. Environmental Surveying, Topo-sheet and map reading.
3. Subsurface geologic data interpretation.
4. Field visit

Env. 131 Laboratory and Field Work on Biology for Environmental Science  
(2 Credits, 50 Marks)

1. Field survey on Biology for Environmental Sciences (protected areas, e.g., Eco-park).

2. Introduction to laboratory; Microscopic Technique; Preservatives, Stains and Mounting Media. 

3. Study of algae, fungi and lichen.

4. Study of bryophytes and pteridophytes.

5. Demarcation of phytoplankton and zooplankton.

6. Study of bacterium: Staining technique.

7. Preparation of herbarium sheet and preservation of fauna.

8. Identification and characterization of Chondicthis and Osteicthis.

9. Preparation of field and laboratory note book.

Part II

Env. 210 Environmental Chemistry
(4 Credits, 100 marks)
1. Environmental Chemistry: Definition, relationship with other chemical sciences, e.g., inorganic chemistry, organic chemistry, biochemistry, geochemistry and biogeochemistry
2. Redox Processes in Aquatic Environment: Significance, half-reaction, electron activity and pE, Nernst equation and its application, chemical equilibrium, pE and free energy, pE-pH diagram for iron and sulphur system, redox reaction and corrosion.

3. Water Pollution: Nature and types of water pollutants, elemental pollution and their determination, heavy metals, Cd, Hg, Cr etc., metalloids e.g. Arsenic in groundwater of Bangladesh, organic pollutants, pesticides in water, polychlorinated biphenyls.

4. Water Treatment: Treated water use, municipal water treatment, treatment of water for industrial use, removal of organic, removal of heavy metals and metalloids (arsenic), removal of phosphorus and nitrogen compounds.

5. Adsorption-filtration: Definition, types of adsorption, adsorption isotherm, adsorption of solutes by solids, hysterisis curves, thermodynamic properties, modes of adsorption by natural and synthetic adsorbents, application of adsorption-filtration process, desorption of solute particles, Mesoporous materials: Porous solids, classification of pore sizes, development of mesoporous supports, preparation of mesoporous materials.
6. Atmospheric Chemistry: Importance of the Atmosphere, Evolution of atmosphere, Inversions and Air pollution, Global climate and Microclimate, Carbon Cycle and Atmospheric Carbon dioxide, Reactions of Atmospheric oxygen and Nitrogen, Aerosols, their direct and indirect effects: Aerosol properties, sources and production mechanisms of atmospheric aerosols, direct and indirect forcing associated with aerosols.
7. Air Pollution: Atmospheric pollutants, Inorganic gasses, Organic and organic sulfites and particulate oxides of sulfur and sulfur cycle, Nitrogen Oxides and Nitrogen cycle, Urban air pollution, Mitigation of urban air pollution.

8. Environmental Soil Chemistry: Soil and agriculture, Nature and composition of soil, Acid-base and Ion-exchange reactions in soils, Wastes and pollutants in soil, Soil loss and degradation.
9. Ocean pollution: Sewage - source and effects of some marine pollution, toxic pollutants - antifouling paints, DDT, dioxins, PCBs; oil on water, marine debris - fishing gears, plastics.  

Recommended References:

1. Environmental Chemistry, S.E. Manahan, 7th Edn, Lewis Publishers, 2000.

2. Environmental Chemistry of Soil, M. McBride.

3. A Guide to the study of Environmental Pollution, William Andrews (Edn).

4. Advanced Inorganic Chemistry, S.Z Haider.

Env. 220 Environmental Earth Sciences and Soil Sciences (4 Credits, 100 marks)
Section A

1. Philosophy and Fundamental Principles of Environmental Earth Sciences: Cultural basis for Environmental awareness; Fundamental Concepts of Environmental Geology; Earth materials and processes;

2. Hazardous Earth Processes: An overview on Natural Hazards; Disaster Prediction and Risk Assessment; Human Response to Hazards.

3. River Flooding, Earthquakes, Mass Wasting, Coastal Hazards and Wind Hazards: Origin, Causes, Types and Method of study.
4. Volcanic Activities: Effects and prediction of volcanic activities; Adjustment to and perception of volcanic hazards.

5. The Geologic Aspects of Environmental Health: Health factors; Some Geologic factors of Environmental Health; Trace Elements and Health; Chronic Disease and Geologic Environment; Other Geological Hazards- Asbestos, Radon. 

6. The Environmental Effects of Mining: Definition: Mining, Ore, protore, Metals and Metalloids and their effect; The Source of Acid Mine Drainage; Pit Lakes, Approaches to Treating Pit Lake Pollution; Mining Effects (Primary Effects, Secondary Effects Tertiary Effects); Environmental Effects of Mining; Pre-Mining vs. Post-Mining Contamination.

Section B

1. Definition of soil, volume composition of soil: Soil as a component of ecosystem; Minerals of soils, Importance of soil. 

2. Soil formation, Soil profile and texture: Weathering of rocks and minerals, different types of weathering, factors influencing weathering, Processes of soil formation; master horizons, Soil particles-classification; textural classes and their significance.

3. Soil structure and Morphology: Mechanism of aggregate formation and dispersion; classification on the basis of shape; importance of soil structure in relation of air-water content; Soil densities    and pore space. 

4. Soil water: physical classification; forces of retention; soil water constants. Factors contributing the availability water to plants; Effect of excess water on soil processes; Infiltration, runoff and permeability-their consequences on soil and environment.    

5. Soil as a source and sink of pollutants, Soil as a medium for plant growth-essential elements, their available forms; sources.

6. Soil biota: Plant roots: microflora; meso and macro-fauna; earthworm, nematodes, arthropods, protoza, bacteria and viruses; Functions of Biota in soil.

Recommended References:

1. Keller, E.A., 1992, Environmental Geology 6th ed..

2. Skinner, B.J. & Porter, S.C., 1995, The Dynamic Earth, 3rd edition; John Wiley & Sons, Inc.New York.

3. Wild. A., 1996, Soils and the Environment, Cambridge Univ. Press.

4. Miller, R.W. & Donahue,, 1997, R.L., Soils in our Environment, Prentice Hall Private Limited.

5. The Nature and Properties of Soils. Brady and Weil, 13th edition.

6. Fundamentals of Soil Science, H.D. Foth, 6th edition, John Wiley and Sons.

7. Microbial Ecology, Ken Killham, 1st edn, Cambridge University Press.

8. Fundamentals of Soil Physics, D. Hillel, 1st edition Academic Press, USA.

Env. 230 Environmental Biology

(4 Credits, 100 marks)

1. Structures and functions of life: mitochondria and the process of cell respiration; Chlorophlast and the process of photosynthesis, Significance of photosynthesis; structures of DNA and RNA, protein synthesis; chromosomes and cell division; heredity. 

2. Genetic engineering and recombinant DNA technology: tools and methods of recombinant DNA technology; enzymes involved in recombinant DNA technology; Improvement of useful microorganisms – mutations and selection of strains, protoplast fusion technology; uses of recombinant DNA technology. 

3. Biological communities and ecosystems; characteristics of biological populations; Interactions between diverse populations-neutralism, commensalism, synergism, mutualism, competition, amensalism (anatagonism), parasitism and predation; human population dynamics, study of populations; presentation of demographic deta; community concept; structure of communities; global distribution of terrestrial communities; patterns of diversity and global diversity; concept of ecosystem, trophic levels and productivity; ; ecosystem stability .

4. Succession and biomes; vegetation changes; patterns of succession; human influence on succession; world's terrestrial biomes; wetland and freshwater biomes; coastal and marine biomes.

5. Ecological genetics; sources of variation; patterns of variation, reproductive system-obligate cross-fertilisation, facultative cross-fertilisation, self-fertilisation, seed apomixis; vegetative reproduction; genetic consequences of different reproductive systems.

6. Behavioural ecology and sociology; optimisation theory; growth versus reproduction; parental care; r and k species; breeding systems in plants: alternative strategies; games theory; living in groups, their advantages and disadvantages; the unit of selection and social behaviour; human socio-biology.

7. Plant-animal interrelationships: pair wise co-evolution; diffuse co-evolution; angiosperm-pollinator relationships; introduced/ exotic species.

8. Adaptation of Organism: Adaptation of plant – Introduction and classification of plants on the basis of adaptation, Morphological, anatomical and physiological adaptative characteristics of hydrophytes, xerophytes and halophytes; Adaptation of animal- natural selection and behaviour, visual adaptation to unfavourable environment.

Recommended References:

1. Atlas, R.M. & Bartha, R.2000. Microbial Ecology-Fundamentals and applications. 4th  ed., The Benjamins, Cummings Publ. Co., U.S.A., Canada.

2. Chapmans, J.L. & Reiss, M.L.1999. Ecology; Principles and applications, 2nd ed. Cambridge Univ. Press, Cambridge, U.K.

3. David McFarland, 1985. Animal Behaviour, Sychobiology, Ethology and Evolution, ELBS, Oxford. 

4. A textbook of Biotechnology. R.C. Dubey. 2nd edition; 1995. S. Chand and Company Ltd. New Delhi.

Env. 205 Analytical Chemistry

(2 Credits, 50 Marks)
1. Analytical Chemistry: Definition, analytical process, review of fundamental concepts, expressions of analytical results.

2. Analytical data handling: Limitations of analytical methods, classification of errors, accuracy and precision, minimization of errors, significant figures, mean and standard deviation, statistical treatment of analytical data.

3. Analytical sampling: Solid, liquid and gaseous samples, sampling procedure and sample population, operations of drying and preparing a solution of the analyses. 

4. Titrimetric analysis: Titrimetric analysis, classification of reactions in titrimetric analysis, Standard solutions, preparation of primary and standards. principles of neutralisation titrations, titration curves, detection of the end point, indicators, oxidation reduction reactions, normality, molarity and  equivalent weight calculations of some common oxidizing and reducing agents.

5. Complexometric titration: Principles of complexometric titration, important complexing reagents with emphasis EDTA, EDTA titration curves and detection of end points.

6. Gravimetric analysis: Introduction to gravimetric analysis, precipitation methods, unit operations in gravimetric analysis, impurities in precipitates, Gravimetric calculation.

7. Ion exchange methods: Principles of chromatography, classification of chromatography, Principles of Ion exchange chromatography, cation and anion exchange resins, action of ion exchange chromatography, exchange of complexing agents- separation of metal ion on anion exchange columns, application of ion exchange chromatography.

8. Solvent extraction: General discussion, factors favoring solvent extraction, the distribution coefficient, the distribution ratio, the percent extracted, solvent extraction of metals, analytical separations.

Recommended References:

1. Fundamentals of Analytical Chemistry, D. A. Skoog, D. M. West, F. J. Holler, 7th edn, Saunders College Publishing, 1996.

2. Environmental Sampling and Analysis for Metals, M. Csuros, C. Csuros, Lewis Publishers, 2000.

Env. 215 Remote sensing and GIS
  (2 Credits, 50 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 RS, Types, Data acquisition techniques (Applications of Multispectral data, Geodetic, Acoustic and near-acoustic), Aerial photographs; various types of satellite, sensors and their characteristics and functions, Data processing and Image analysis, Remote Sensing software, Potentials of remote sensing for agriculture, environment and resource monitoring and management.

3. Geographic Information System (GIS): Techniques used in GIS, Data creation, Relating information from different sources, Data representation (Raster, Vector,  Advantages and disadvantages, Voxel, Non-spatial data), Data capture, Raster-to-vector translation,  Projections, coordinate systems and registration, Spatial analysis with GIS (Data modelling, Topological modelling, Networks, Cartographic modelling, Map overlay, Automated cartography), GIS software, GIS and Society, Database management systems (DBMS), data quality and errors in GIS, software (Arc-View and IDRISI)

4. Global Positioning System (GPS): Simplified method of operation, System segmentation (Space segment, Control segment, User segment), Calculating positions, Accuracy and error sources (Atmospheric effects, Multi-path effects, Ephemeris and clock errors, Selective availability, Relativity), and Applications (Military, Navigation, Target tracking, Missile and projectile guidance, Search and Rescue, Reconnaissance and Map Creation, others), DGPS. 

5. Application of GIS: Knowledge-based approaches in GIS, information management and environmental research, application of GIS in socio-economic and environmental science, ecological models and GIS, hazard model and GIS, Digital Elevation Model (DEM) and its Applications. 

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

2. Martin, D. 1994. Geographic Information Systems and their Applications, London:Routledge.

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

Env. 225
Hydrochemistry

(2 Credits, 50 Marks)

1. Definition, scope and goal of hydrochemistry, its relation to Environmental sciences, Water quality and quantity, physical and chemical properties of water, water acidity and alkalinity, global water budget, water: a unique substance.
2. pH and  Buffers: Definition, theoretical considerations, the pH scale, pH of solutions, measurement of pH, pOH, buffer solution, buffer capacity, the Henderson-Hasselbalch equation, natural buffer systems, acid-base indicators, neutralization reaction, shapes of neutralization curves.

3. Ionic Equilibrium: degree of ionization, ionization constants, calculation of pKa, pH and pKa, environmental importance of pKa, salt solution, acid-base properties of salt solutions, pH calculations from acid and base solutions, pH calculation of buffers in presence of acids and bases, solubility product, effects of pH on solubility, common ion effect, application of common ion effect, diverse ion effect.
4. Precipitation and dissolution: Introduction, the solubility of oxides and hydroxides, complex formation, carbonates, The stability of oxides, hydroxides and carbonates, The phase rule; components, phase and degree of freedom, solubility of fine particles and solid solution.
5. Metal ions in aqueous solution: Introduction, Proton and metal, hydrolysis of metal ions, Metal–ligand interaction in water, solubility and stability of metal ions, redox equilibrium and electron activity, Redox condition of natural water, PE and PH diagram, nuclophilic and electrophilic interaction and redox reaction in water.
6. Dissolved Oxygen: General consideration, environmental significance, temperature dependence gas solubility, methods of DO, BOD, COD determination, ion suppression, nature of BOD reaction, rate of biochemical oxidation, COD demand, inorganic interferences, BOD-COD interrelationship, application of BOD and COD data, nitrogen fixation, carboneous and nitrogenous biochemical oxygen demand (C BOD, N BOD).

7. Solids in Solution: Total dissolve solids, total suspended solids, settleable matter, industrial significance of dissolve solids, solids in sludges, residual chlorine, water hardness.
Recommended References: 

1. Aquatic Chemistry by Werner Stumm, James J. Morgan, 2001

2. Environmental Chemistry, S. E. Manahan, 2000

Env. 265 Environmental Data Handling and Statistics (2 Credits, 50 Marks)

1. Environmental data: definition, sources, different Kinds of environmental data, collecting methods, Questionnaire design, Sample and population, Random sampling, Steps in organising and sample survey, different types of sample survey method, Experimental and design: random, block and split process.

2. Probability distribution and their uses: Sampling distribution and their uses
3. Testing of hypothesis: definition of hypothesis, Basic concepts concerning testing of hypothesis, hypothesis testing of means, hypothesis testing for comparing two related samples, Hypothesis testing of proportions, Hypothesis testing for difference between proportions, testing of correlation co-efficiency, Chi square test for association.

4. Analysis of variance and Co-variance: Analysis variance of one way, two way, Non-parametric or distribution or free tests, Wilcoxon-Matched pairs test (Signed Rank Test), characteristics of distribution of Non-parametric tests.

5. Mathematical expressions of measurement: Rates, Ratios, Proportions, Define epidemology and scope of epidemology, Ecology of health and disease, Measurement of morbidity: Incidence, prevalence, point prevalence, Period prevalence, prevalence-incidence, interrelation. Measurement of risk: Relation between risk and odds ratio, attributable risk, Classification depending on the data generation procedure; observational study, experimental study, retrospective study. Classification depending on the data: Descriptive study, analytical study.
6. Uses of different types of software (e.g., SPSS) 

Recommended References:

3. Method of Statistics by M.G Mostofa Karim Press and publications, Dhaka.
4. A Study Guide to Epidaciology and Bio-statistics by Richard Morton and J. Richard Hebel University park press.

5. Introduction to statistics and probability by M. Nurul Islam, Book World.

6. Primer of Bio-statistics  By Stanfon A. Glantz McGraw-Hill Book Company   

Env. 275 Environmental Economics and Population Dynamics  
(2 Credits, 50 Marks)

1. Environmental Economics: Definition, scope and goal of Environmental economics, Economic Analysis, Incentives: A Simple Household Example, Incentives in Industry, Incentives in Transportation, The Design of Environmental policy, Macroeconomic Questions: Environment and Growth, Cost-effectiveness Analysis, Benefit-cost Analysis, International issues, Economics and Politics.

2. The Economy and Environment: Natural Resource Economics, The Fundamental Balance, The Environment as an Economic and Social Asset, GDP, Terminology, Emissions-Ambient Quality and Damages, Types of pollutants, Short run and long-run Choices.

3. Analytical tools: Benefits and Costs, Supply and Demand: Willingness to Pay, Aggregate Demand/Willingness to Pay, Benefits-Costs-Technology, Economic Efficiency and Market: Economic Efficiency, Efficiency and Equity, Markets and Social Efficiency, External Costs, External Benefits, The Economics of Environmental Quality: Pollution Control- A General Model, Pollution Damages, Abetment Costs, The Efficient level of Emissions, Enforcement Costs, The Equimarginal principle Applied to Emission Reductions, Long-run Sustainability.

4. Environmental Analysis: Framework Analysis: Impact Analysis, Cost-Effectiveness Analysis, Damage Assessment, Benefit-Cost Analysis, Risk Analysis, Benefit-Cost Analysis : Benefits, Benefit- Cost Analysis: Costs
5. Population Dynamics: Fertility: Measures and Determinants, an Economic Model of Family Size, Fertility Trend in Bangladesh, Mortality Measures, Determinants and consequences, 
6. Theories of Population Growth: Malthus-Optimum Concept of Population, Theory of Demographic Transition, Laws and Models of Migration: Harris-Todaro Model of Migration, Population and Environment, population policy and programme in Bangladesh.

Recommended References:

1. Field, Barry C: Environmental Economics: An Introduction Second Edition MeGraw-Hill International editions, 1997

2. Wonnacott Paul; Wannacott, Ronald: Economics, third edition, McGraw-Hill International edition, 1986 
3. Hauser, P.M., M. Duncan and D. Dudley: The Study of Population.
Env. 211 Laboratory and Field Work on Environmental Chemistry 
(2 Credits, 50 Marks)

1. Preparation and standardization of acid and base solution.

2. Determination of major physical and chemical properties of water and wastewater (pH, EC, turbidity, TDS, TSS, total solids, total hardness, total alkalinity, total acidity, DO, BOD, COD).

3. Determination of the concentration of major metal ions in water and wastewater (Fe, Cu, Pb, Cr, Ni, Ca, Al). 

4. Complexometric titration with EDTA as primary standard substance (using Murexide and Solochrome Black/Eriochrome Black T indicator).

5. Gravimetric analysis of some major anions (chloride, carbonate, sulphate, phosphate). 

Env. 221 Laboratories and Field Work on Remote Sensing and GIS  
(2 Credits, 50 Marks)
1. Application of GIS and ArcInfo Software for Agriculture, Landuse, and Forestry. 

2. Interpretation of Aerial Photography and Satellite Images for Environmental Applications including Coastal, Fluvial, and Urban Preparation & geoenvironmental map from imaging. 

3. Environmental Change Detection using Integrating GIS, Remote Sensing and Topo Map Information.

4. Geohazard and Risk Assessment using Remote Sensing and GIS data.

5. Fields observation of specific sites which are interpreted on respective image.

6. Submission of Field Report, based on satellite imagery and Aerial photograph data analysis and interpretation.     
Env. 231 Laboratory and Field Work on Environmental Biology 
(2 Credits, 50 Marks)
1. Field survey on Environmental Biology.

2. Collection Technique of phytoplankton and zooplankton. 

3. Identification and characterization of 15 Phytoplankton and 10 Zooplankton.

4. Study of the adaptive characteristics (anatomical modifications) of hydrophytes, xerophytes, mesophytes and halophytes. 

5. Study of the reproductive behavior of suitable plant and animal species.

6. Study of plant population by Quadrate method.

7. Study of ecosystem composition in J.U. Campus and surrounding areas.

8. Determination of Dissolved oxygen (DO).

9. Preparation of Permanent slides.

10. Preparation of Field and laboratory note book.

Part III

Env. 310 Industrial Pollution and Mitigation (4 Credits, 100 marks)
1. Industrial Pollution Emissions and Standards: Industrial Emissions- Liquids, Industrial Emissions- gases, Criteria and Standards, Air pollution Quality Standards, Water Quality Criteria and Standards for Industrial Effluents, Water quality Management.

2. Industrial Waste: Social, Economic, Technological and environmental perspectives of Industrial waste, Physical, Chemical and Biological, Characteristics of wastewater methods of analysis of waste water, Principal constituents of concern in wastewater treatment, Reuse of treated wastewater in society, Reducing quality and toxicity of wastewater.

3. Environmental Toxicity due to Hazardous Industrial Wastes and Substances (potential threat to human health): Hazardous wastes and chemicals in the human environment, pathway to human exposure to hazardous chemicals in the environment, peoples exposure to toxic chemicals in everyday life, chemical residues in food, soil, water and the human body, health impact of hazardous chemicals and substances in the environment, super toxic man-made chemicals in the environment and potential threat to human health, peoples protest and campaign against hazardous wastes and chemicals in consumer products.

4. Occupational Health Hazards of workers in industries: Introduction, major work – related diseases and injuries in industries, some key industries and enterprises and health impacts on workers.

5. Pollution Control for specific pollutants: Removal of BOD, Removal of Chromium, Removal of Mercury, Removal of ammonia/urea, Removal of particulate matter, Removal of sulphur Dioxide, Removal of oxides of nitrogen, Removal of organic vapor from effluent gases.

6. Pollution control in Tanning Industries: Introduction, Historical background of tanning industries in Bangladesh, Tanning processes, Chemicals used in the Tanning industries, Desired limits of pollutants, Origin and Characteristics of the effluents, Polluting effects of waste water in the environment, Methods of pollution abatement. 

7. Pollution control in Pulp and Paper Industries: Introduction, Historical background of pulp and paper industries in Bangladesh, Manufacture processes and characteristics of liquid effluents, Pollution control for liquid effluents, Pollution control of gaseous effluents.  

8. Pollution control in Fertilizer industries: Introduction, historical background of fertilizer industries in Bangladesh, Classification of fertilizer plants, Nature, sources, concentration, adverse effects and tolerance limits of effluents from fertilizer industries, Effluent separation and treatment of liquid effluents, Pollution control of gaseous effluents.  

9. Pollution control in Textile dyeing Industries: Introduction, historical background of fertilizer industries in Bangladesh, Manufacture processes and sources of effluents, Quantities of effluents, Characteristics of effluents from different sections, Harmful effects of textile effluent, Pollution control in textile effluents.

10. Pollution control in Petroleum refineries and Petrochemical Industries: Introduction, historical background of Petroleum refineries and petrochemical industries in Bangladesh, Characteristics of liquid effluents of refineries and petrochemical industries, Treatment of liquid effluents from refinery industries, Treatment of liquid effluents from petrochemical industries.

11. Pollution control in Food and Beverage processing Industries: Introduction, historical background of sugar industries in Bangladesh, Characteristics of liquid effluents of food and beverage processing industries, Pollution control in Food and beverage processing Industries.

12. The role of Government and Industries for pollution control: Industrial facility, Pollution prevention plan, Implementation of pollution prevention plan, Laws, Regulations, Programs and strategies, State, City and local pollution prevention programs.

Recommended References:
1. Industrial Pollution Control Hand book, Herbert F. Lund., McGraw  Hill 

2. Book Company, New York.

3. Pollution Control in Process Industries, S.  P.  Mahayals, Tata McGraw Hill 

4. Publishing Company Limited, New Delhi.

5. Industrial Pollution Privation Handbook, Harry M. Freeman, McGraw-Hill Professional, New York

6. Analytical Toxicology of Industrial Inorganic Pollution, Morris B. Jacobs, John Wiley and Son, Inc., New York.

7. Understanding Environmental Pollution, Mereuita K-Hill, Cambridge University Press.

8. Industrial and Hazardous Wastes, Rajiv K, Sinha and Sunil Herat, Pointer Publishers Jaipur, India.

Env.320 Integrated Coastal Zone and Floodplain Managements 

(4 Credits, 100 marks)

1. Introduction: Characteristics of Bangladesh coastal zone, Topographical changes, climate of costal zone, soils of coastal zones and floodplain, Coastal embankment project, sea level rise and its implication for Bangladesh  
2. Floodplain: Introduction location & climate of flood plain, geomorphology, hydrology, biological agents, physiographic  Units of the flood plains, Soil formation of seasonally flooded land (e.g. Ganges & Meghna floodplain) & non flooded land, Agriculture development on flood plains and its effect on environment. Human settlement & plantation management on floodplain and Char land.

3. Environmental management of floodplain soil: Soil in natural & man made environment, Soils as a medium for plant growth, sorption properties of soil, soil in relation to environment, soil acidification, erosion & conservation problems in Bangladesh floodplain and coastal areas.
4. Coastal environment & Management: Introduction, definition & importance, classification of coastal system: estuaries, tidal wetlands, coral reefs, beaches and shoreline, Description & categorisation of coastal ecosystem: Anthropogenic & natural disturbances of coast, environmental perturbation of coastal aquatic habitat: Impact of coastal aquaculture on environment (e.g. shrimp culture),

5. Coastal resource and livelihood: Evaluation of vital area, resource capability use allocation, Diversification, Livelihood groups: Salt farmer, Fisher man and Small farmer, Poverty, Vulnerability to environmental changes: regional and global perspectives
6. Coast protection: Multistructure embankment, groans etc, their problems & remedies, Development options in the coast: tourism and recreation (Coxisbzar & Kuakata ) fisheries resources, Nature conservation, Infrastructure  development. Guidelines for coast development & management; Policy analysis & case studies.

7. Mangroves: Sunderbones and other mangroves of the world; problem and prospects

Recommended References:

1. Coastal environmental management plan for Bangladesh, Volume 2 Final report, Eeconomic social commission for Asia and the Pacific, Bangkok, Thailand.

2. An introduction to coastal ecology by PJS Boaden and R Seed (1985)
3. PDO-ICZMP Project Report, Living in the Coast PEOPLE AND LIVELIHOODS, WARPO, 2004
4. Policy & Practice in the management of Tropical water shed by HC. Pereira (1989)     

Balhaven press, London.

5. Soil and Water conservation by FR Troch (1991) Prentice Hall. NJ.

6. Water & Waste water by My Hammer (1996) Prentice Hall inc.

7. Soils & the Environment by A Wild (1996) Cambridge Uviv. Press.
8. Environmental Soil chemistry by DL sparks (1996) Academic press.
Env.330 Energy, Environment and Sustainable Development: Bangladesh Perspective (4 Credits, 100 Marks)

1. Energy: Definition, forms and classification of energy; Units of energy; Energy usage in past civilisations; role of energy use in the evolution of human civilization; Energy scenario and utilization pattern in Bangladesh.

2. Renewable energy sources (solar energy, hydropower, wind energy, bio-mass, bio-gas, tidal, geo-thermal etc.); advantages and disadvantages of renewable energy; future prospects.

3. Energy use and Environmental Pollution; Impacts of fossil fuel burning at local, regional and global levels; air pollution, climate change, global warming etc. 

4. Energy conservation and Efficiency: Energy conversion process and Efficiency; importance of energy conservation, techniques of energy saving in house hold, industrial and transport sector; energy saving initiatives in Bangladesh; improved stove, energy saving bulb, cogeneration etc. and National energy policy of Bangladesh.

5. Energy and Sustainable Development: Concept of sustainable development; Energy resources and estimation of energy reserves and resources: Energy security and crisis Demand for energy services; Energy trade patterns and globalization; Energy prices and taxes; Energy investment; Global and regional energy needs. 

6. Economic and Social Issues for Sustainable Energy Development: Energy and economic prosperity: energy consumption and economic well being; Disparities in Income and energy consumption, Energy intensities.

7. Energy and socio-political issues: Energy and poverty Energy and women Energy and population Energy and urbanization and Energy and life styles; 

8. Energy, Environment and Health: Rural energy in the developing countries and impacts; Energy environment and health issues in house hold, workplace, community.

9. Energy and Geopolitical Issues: Politics regarding fossil fuel (oil, coal, gas) at National, Regional and International regarding.  

Recommended References:

1. Joseph Priest, Energy Principles, Problems and Alternatives, 3rd Edition, Addision-Wesley Publishing Company.

2. Devid Reed, Editor, Structural Adjustment, the Environment, and Sustainable Development, Earthscan Eastern Publications Ltd. London.

3. A. K. Srivastava, Sustainable Development. Dragana Pilipovic, Energy Risk, McGraw-Hill.

Env. 305: Environmental Biochemistry and Ecotoxicology (2 Credits, 50 Marks)

1. Environmental Biochemistry: Definition, the composition of living matter.

2. Carbohydrates: General introduction and basic biochemical aspects.

3. Nitrogen and nitrogenous compounds in the environments: amino acids, peptides, proteins and their biochemical description.

4. Nucleic acids, enzymes, co-enzymes, lipids, hormones, vitamins and their significance in the biological system.

a. Biochemistry and physiology of growth and metabolism: 

5. Metabolism: catabolic pathways, gluconeogenesis, energy production in aerobic processes, anaerobic metabolism, biosynthesis, control of metabolic processes.

a. Environmental toxicology: Introduction, Principles and concepts, classification and sources of toxic substances, dose-response relationship, relative toxicities, reversibility and sensitivity, Xenobiotics and endogenous substances, toxicological chemistry, kinetic phase and dynamic phase, principles and methods of studying toxins in an ecosystem.

b. Environmental changes and health: Changes in environmental and health effects, environmental diseases, e.g.  Cancer, birth defects, reproductive damage, respiratory diseases, and heavy metal induced diseases.

6. Mutagenic pollutants: types of mutation, effects of mutation, induction of mutation.

7. Environmental cancer: causes of cancer, stages in the development of cancer, classification of carcinogens, and metabolism of chemical carcinogens.

8. Uses, sources of exposure, metabolism, toxicity and biochemical effects of Environmental metals, Pesticides and related materials (insecticides, herbicides, PCBs, Dioxin etc.), volatile organic compounds, fluorides and air pollutants (inorganic gases and particulate maters).

a. Damage process and action of toxicants: action on plants and mammalian organisms, mechanism of actions of toxicants, factor affecting xenobiotic action.

Recommended References: 

1. Principles of Biochemistry. 2nd Ed. Albert L. Lehninger. CBS Publishers & Distributors. New Delhi, India, 1993.

2. Cell and Molecular Biology. EDP De Roberties and EMF De Roberties, Jr. Lippincott Williams & Wilkins, 2001.

3. Advances in Environmental Sciences and Technology, Vol. 3: Environmental Biochemistry. N. Rajvaidya and O.K. Markandey. A.P.H. Publishing Corporation, New Delhi, India. 1998
4. Basic Biotechnology, Part I: Fundamentals and Principles. 2nd ed. C. Ratledge and B. Kristiansen. Cambridge University Press, 2001.

5. Fundamentals of Environmental Chemistry, S. E. Manahan. Lewis Publishers, 2000.

6. Environmental Toxicology: Impacts of Environmental Toxicants on living system. Ming-Ho-Yu. Lewis Publisher, New York, 2001.

7. Ecotoxicology: Ecological Fundamentals, Chemical Exposure and Biological Effects. G. Schuurmann and B. Markert. John Wiley & Sons Inc. And Spektrum Akademischer Verlag.

Env. 315 Environmental Geochemistry

(2 Credits, 50 Marks)

1. Introduction: definition, scope and goal of environmental geochemistry, its relation to Environmental sciences

2. Chemical aspect of three phase system of soil: Nature and general properties of solid phase of the soil: Clay minerals, oxides of metals and amorphous materials; structure and colloidal properties; soil organic mattes-composition; humus and its classification according to origin; properties and influence of humus on soil properties and aquatic environment. Liquid phase of soil: Composition and concentration; factors controlling the composition and concentrations; movement of salts in soil. Gaseous phase of soil: Composition; variation of soil air under varied conditions.

3. Ion exchange in soil: Cation, anion and ligand exchange; Development of changes on soil colloids; Retention and release of ions in soil; importance of ion exchange in environment.

4. Soil pH: Causes of soil acidification and alkalization, soil acidification, Influence of pH on solubilization of soil constituents and its environmental consequence.

5. Submerged soil: Chemical environment of submerged soil-pH, redox potential, transformations of N, S, Fe, Mn and organic matter and their impact on environment, determination total organic carbon (TOC) and total nitrogen (TN) in soil and sediment, Transformation of N, P, S and Micronutrient fertilisers under aerobic and anaerobic.

Recommended References:

1. 
The Nature and Properties of Soils, N. C. Brady and R.R. Weil, 13th edition, Pearson Education Asia.

2. 
Principles of Soil Chemistry, Kim H.Tan, 2nd edition, Marcel Dekker Inc. New York.

3.   Environmental Soil Science, Kim H.Tan, 1st edition, Marcel.

4.   Chemistry of the Soil, F.E.Bear (ed.) 2nd edition, Oxford and IBH Publishing Co. Pvt. Ltd.

5.   Soil Chemistry, H.B.Mc. Bohn, Mc. Neil and G. O’Connor, John Wiley and Sons, 1st edition.

6.   Environmental Chemistry of Soils, M.B. McBride

7.   Environmental Chemistry,S.E. Manahan 7th edition,2000.

8.   Cycles of Soil, F.J. Stevenson, 1st edition, John Wiley and Sons.

9.   The Chemistry of Submerged Soils, F.N. Ponnamperuma In: Advances in Agronomy, 1992

Env. 325 Environmental Microbiology 
(2 Credits, 50 Marks)

1. Introduction to Environmental Microbiology: Introduction, Historical perspective, Branches of Environmental Microbiology, Scope of Environmental Microbiology, Modern Environmental Microbiology.

2. Aquatic Microbiology: Distribution of microorganism in fresh water environments, estuaries and oceans. Domestic and drinking water: pollution, purification, microorganism as indicator of water quality, bacteriological examination of water. Wastewater: characteristics and treatment processes. 
3. Air Microbiology: Microorganisms in air, survival of microorganisms in air, techniques of the study of microorganisms in air, origin of microorganisms in air, control of microorganisms in air.

4. Soil Microbiology: Porous media, Characteristics of microorganism in porous media, Microbial activities in porous media, Microorganisms in surface soils, Methods of studying soil microorganisms.

5. Microorganisms in extreme environments: Psychrophiles, Thermophiles, Acidophiles, Alkalophiles, Halophiles and biotechnological applications of Extremophiles and Extremozymes.

6. Role of microorganisms in biogeochemical cycles: carbon cycle, nitrogen cycle, sulfur cycle and phosphorus cycle.

7. Role of microorganisms in the degradation of hydrocarbons, other organic pollutants and remediation of heavy metals.

8. Interaction among microorganisms: Mutualism, Commensalism, Antagonism, Competition, Parasitism, Predation.
Recommended References: 

1. Microbiology: An Introduction. 8th ed. G.J. Tortora, B.R. Funke and C.L. Case. Pearson Education Inc, Singapore, 2007.

2. Microbiology. 5th ed. M.J. Pelczar Jr., E.C.S. Chan and N.R. Krieg. Tata McGraw-Hill Publishing Co.Ltd., New Delhi, India, 2000.

3. Manual of Environmental Microbiology, 2nd ed., C.J. Hurst et. al.. ASM Press, Washinton Dc, USA, 2002.

4. Environmental Microbiology. R.M. Maier, I.L. Pepper and C.P. Gerba. Academic Press, Elsevier, 2006.

5. Microbial Ecology- Fundamentals and Applications, 4th ed., R.M. Atlas and R. Bartha. Benjamin/ Cummings Publishing Co., Inc., 2000.

6. Introduction to Soil Microbiology. Martin Alexander. John Wiley & Sons, Inc., 1961
7. Soil Microbiology and Biochemistry, E.A. Paul and F.E. Clark, Academic Press, Inc., 1989
8. Wastewater Microbiology. Gabriel Bitton. Wiley- Liss, Inc., USA., 1994
9. Microbes in Extreme Environments. R. A. Herbert and G. A. Codd, Academic Press, Inc. 1986
Env. 335 Ecology and Biodiversity
 (2 Credits, 50 Marks)
Part A

1. Introduction: Concepts, principles, branches and scopes of ecology.

2. 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 structure, population growth, factors regulating population size.

3. 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)
4. 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.

5. 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.

6. Responses of plants to stress: Stress, Plant responses to stress - water stress, temperature stress, chilling stress, freezing stress, salt stress; plant responses to Environmental Pollutants: Heavy metal, Air pollution.

Part B
1. Basic concepts: Definition, significance of Biodiversity, Benefits from Biodiversity, Types of Biodiversity, Biodiversity and species concept, Status of biodiversity in Bangladesh.

2. 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.

Recommended References:

1. Odum, E.P. ECOLOGY. Modern Biology Series. Oxford & IBH Publocation Co.Ltd. New Delhi.

2. Gopal, B. & Bhardwaj, N. ELEMENTS OF ECOLOGY. Vikas Publication Pvt. Ltd.     India.

3. Shukla, R.S.& Chandel, P.S. 1988. PLANT ECOLOGY AND SOIL SCIENCE. S. Chand & Co. Pvt. Ltd. Ram Nagar, New Delhi, India.

4. Verma, P.S.& Agarwal, V.K. 1986. PRINCIPLES OF ECOLOGY.S. Chand & Co. Pvt. Ltd. Ram nagar, New Delhi, India.

5. Edward J. Kormondy. CONCEPTS OF ECOLOGY. Prentice-Hall of India Private Limited. New Delhi-110 001.

6. Biswarup Mukherjee. Environmental Biology.

7. William G. Hopkins. 2002. Introduction to Plant Physiology, 2nd edition, John Wiley and Sons. Inc. New York.

Env. 345 Geography and Geology of the Bengal Basin (2 Credits, 50 Marks)
1. Map projection system and Geographical position of the Bengal Basin 

2. Geological and structural setting of the Bengal Basin.

3. Physiography and hydrography of the Bengal Basin - major subdivisions.

4. The development of Bengal Delta through time.

5. Stratigraphy, structure, and geological history of the Bengal Basin.

6. Relationship of the Bengal Basin with its neighbouring sedimentary basins.

7. Economic minerals and rocks of the Bengal Basin and their utilization.

Recommended References:

1. Curray, J.R. & Moore, D.G., 1974, Sedimentary and Tectonic Processes in the Bengal Deep-Sea Fan and Geosyncline; In: Burke, C.A. & Drake, C.L. 
(eds.), The Geology of the Continental Margins, Springer-Verlag, Heidelberg, New York, p. 617-627.

2. Evans, P., 1932, Tertiary succession in Assam; Trans. Min. Geol. Inst., India, vol. 27, p. 155-260. 

3. Evans, P., 1934, The Tectonic Framework of Assam; Geological Society of India Journal, vol. 5, p. 80-86.

4. Khan, F.H., 1991, Geology of Bangladesh; The University Press Ltd., Dhaka.

5. Reimann, K.U., 1993, Geology of Bangladesh; Gebrueder Borntraeger, Berlin.

Env. 355 Hydrology and Water Resources (2 Credits, 50 Marks)
1. Introduction: 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

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.

Env. 365: Waste Management (2 Credits, 50 Marks) 
1. Introduction: definition, classification of waste, general aspect of waste managements

2. Solid waste management: Characteristic of solid waste, solid waste collection, solid waste collection estimate and cost, waste transfer, maximum and economic haul time, disposal techniques, modes of operation, environmental consideration, liquid leachability, utilization of waste to energy production, resource conservation and recovery, low, high and medium technology.

3. Hazardous waste management: Types of hazardous waste, risk perception and risk assessment, toxicity consideration, one-hit mode, reasonable maximum exposure, risk characterization and risk management, transport regulations, disposal protocols. 

4. Radioactive Waste Management: Definition, sources and characteristics of radioactive wastes, effects of radiation on living organism, acute effect and delayed effect, risk estimates, radioactive waste management techniques, safe disposal, long term assessment, case study.
5. Treatment technologies of solid and hazardous wastes: Biological, physical and chemical treatment, batch distillation and fractionation techniques, ion-exchange techniques, electrodialysis, reverse osmosis, waste incineration, land disposal and ground impounding. 

6. Municipal and household wastes management: Disposal design, recovery and recycling of household wastes, domestic garbage, bulk treatment on commercial scale, recycling of paper.

7. Hazardous waste and risk analysis: Hazard identification, mutagenesis, carcinogenesis, dose-response relationship, human exposure assessment, risk characterization, contaminant degradation, application of risk assessment

8. Hazardous waste regulatory act: The Comprehensive Environmental Response, Consumption and Liability Act (CERCLA), the National Priority List (NPL), the Hazard Ranking System (HRS), the National Contingency Plan (NCP), Superfund Amendments and Reauthorization Act (SARA), national and regional provisions of hazard treatment.    

Recommended References:

1. Introduction to Environmental Engineering, M. L.. Davis, D. A. Cornwell, 3rd edn, McGrawHill, 1998.

2. Environmental Chemistry, C. Baird, WH Freeman and Company, N. Y., 2nd edn, 2000.

3. Environmental Chemistry, S. E. Manahan, 7th end, Lewis Publishers, 2000.

4. Introduction to Environmental Engineering and Science, G. M. Masters, Prentice-Hall Inc., 1991.

Env. 311. Laboratory and field work on Environmental Pollution and Mitigation     (2 Credits, 50 marks) 

1. Determination of dust falls per unit area of an Urban & Rural.

2. Determination of particulate matter per unit volume of air in Urban & Rural areas.

3. Microscopic examination of particulate matter (Morphological Studies).

4. Arsenic determination in groundwater by Low-cost kit and Laboratory.

5. Determination of ammonium, nitrate, and phosphate ions by strip.

6. Determination of Organic & Inorganic Components of airborne particulate matter.

7. Chemical identification of Inorganic Components of particulate matter (Pb, Fe, Ni, Cu).

8. Determination of SO2 / CO2 in air of an Urban & Rural area.     

9. Determination of total acid in air of an Urban & Rural area.

Env. 321. Laboratory and Field Work on Environmental Earth Sciences and Soil    
         Science  (2 Credits, 50 marks)
1. Several field tour in the environmentally important areas.

· Description of minerals and rocks in outcrop.

· Investigate soil condition of the area.

· Collect soil and rock samples.

· Analysis of the samples in the laboratory and 

· Submission of field tour report.

2. Determination of Soil texture by Particle-size analysis-hydrometer method

3. Determination of Soil density by Bulk and Particle density measurement.

4. Study and Identification of common Igneous, Sedimentary and Metamorphic rocks in thin section.

5. Analysis and interpretation of Hydrology and Hydro-geological data 

Env. 331. Field and Laboratory Work on Ecology and Environmental Microbiology (2 Credits, 50 marks) 
1. Field Survey.

2.  Determination of productivity of aquatic ecosystem.

3. Quantification of bloom forming plankton (phytoplankton + zooplankton).

4. Determination of the biomass of producers in the given area. 

5. Study the biotic component of a pond ecosystem of J.U. Campus.

6. Determinations of moisture content, water holding capacity and pH of soil.

7. Basic Rules and Requirements of a Microbiology Laboratory.

8. Preparation of culture media.

9. Technique of serial dilution.

10. Water quality test through faecal coliform counts by streak plate method / pour plate method / spread plate method and enumeration of coliform bacteria.

11. Study of root nodules in legume plants. 

12. Sampling of bacteria from air, water and soil.

Part IV

Env. 410 Instrumentation in Environmental Sciences (4 Credits, 100 marks)

1. Environmental Analysis and Laboratory Management: Quality control and quality assurance, sample preparation and dissolution, chain of custody, compliance monitoring of gas, liquid and solid samples, quantification of toxic metals in solid and liquid wastes, monitoring of trace elements in foods and biological samples.

2. Research methodology: Field survey: field visit, sampling protocols for water, soil, air and biological species, preservation of samples, Social survey: conceptual issues, types of survey, population and samples, questioner design and construction, pilot study, preparing of data for analysis, data interpretation and speculation, art of scientific paper writing.
3. Spectroscopy: The nature of radiant energy, interaction of light with matter, laws of photochemistry, quantum yields, wave mechanics, atomic and molecular absorption, origin of spectra, absorption and emission spectra.
4. UV-Visible Spectroscopy: Basic principles of spectroscopy, color detection, wavelength variation, absorption spectra of functional groups, instrumentation, absorption standards, stray correction, spectra-structure correlation, application.

5. Infrared Spectroscopy: Molecular motion, vibrational mode of molecules, working principle, sample techniques, spectral manipulation, baseline correction, transmission spectra of solid, liquid and gas phase, advantages of FT IR.
6. Atomic Absorption Spectroscopy: Theory of AAS, atomization techniques, methods of calibration, standard addition, scope, sensitivity and application of ICP-AAS, ICP-AES, ICP-MS techniques in environmental analysis. 

7. Application of NMR and Mass Spectroscopy: principle and application of NMR, application of NMR to other nuclei, Mass spectra, ion sources, Mass spectrometer, application of molecular mass spectrometry, environmental application of NMR and mass spectrometry.
8. Chromatographic Method: Principles of chromatography, instrumentation and applications of chromatography, chromatographic optimization, matrix preparation, HPLC in biological and forensic analysis, chromatographic separation of DDT and PCBs.

9. Other techniques: Thermogravimetric methods (TG), X-ray Emission, X-ray fluorescence and electroanalytical techniques; potentiometry, coulometry.
Recommended References:
1. Spectroscopic Method in Organic Chemistry, D.H. Williams, I. Fleming, 4th Edn, Tata McGraw-Hill, 1988.

2. UV Spectroscopy, Techniques, Instrumentation, Data Handling, B.J. Clark, I. Frost, M.A. Russell, Chapman & Hall, 1993.

3. High Performance Liquid Chromatography, Fundamental, Principles and Practice, W.J. Lough, I.W. Wainer (Edn), Blackie Academic & Professional, 1991.

4. Understanding Instrumental Analysis, J.W. Robinson, 5th Edn, Marcel Decker, Inc., 1995.

5. Atomic Absorption Spectroscopy, Theory, Design & Application, S.D. Haswell (Edn), Elsevier, Vol 5, 1991.

6. Infrared Spectral Interpretation: A Systemic Approach, B. Smith, CRC Press, 1999. 

7. Essential Environmental Science: Methods and Techniques by Simon Watts

Env. 420 Biological Pollution and Mitigation     (4 Credits, 100 marks)

1. Introduction: Types of pollution and their fate in Environment: Major categories of environmental pollution; Concepts of biological pollution; Entry of Pollutants in the environment; Transfer, transport and dilution of pollutants; Carrying capacity.

2. Biomanipulation: The Biomanipulation concept; Biomanipulation studies on reduction of fish abundance; Biomanipulation studies on phytoplanktivorus fish; Biological control of macrophytes; Relationship between biomanipulation in the limnetic and littoral zones; Future trends; Biomanipulation by introduction of herbivorous zooplankton; Applicability of planktonic biomanipulation for managing eutrophication; Conditions for effective biomanipulation; The first biomanipulation conference; ecosystem stability; Biomanipulation and ecosystem research.

3. Indicator Organism: Indicator Organism to determine biological pollution.

4. Biosensor detection of pollutants; Bioremediation; Bioremediation of various ecosystems.

5. Algal Nuisances: Blooms, Nuissance blooms of Cyanobacteria in tropical fresh water system, Red tides.

6. Eutrophication: Sources of nutrients: Urban sources and Rural sources; General effects of eutrophication on the biota of freshwater: Plankton, Macrophytes, Benthos, Fish; Community interactions and eutrophication; Eutrophication as Problems for man: Water purification, Nitrates, Amenity values, Algal and Cyanobacterial toxins; Controlling eutrophication.

7. Intrusive Microorganisms and Bioassays: Intrusive Microorganisms: Bacteria, Viruses; Bioaccumulators: Bryophytes, Bivalves, Fish; Biomarkers; Bioassay: Biostimulation, Toxicity tests, Automated biomonitors.

8. Emerging Technologies: Bioreporters, Biosensors and Microprobes.

9. Wastewater treatment with aquatic macrophytes: Aquatic macrophytes in wastewater treatment systems; Suitability, mechanisms of action, design considerations, economics and environmental impact.
10. 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.

11. Environmental health: Monitoring of environmental health by using biological indicator.

Recommended References:

1. Environmental Microbiology. Christon J. Hurst et al. Second Edition, 2002, ASM Press, Washington, D.C..

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

3. Biology of Freshwater Pollution. C.F. Mason, Third Edition, 1996, Longman Group Ltd. England.

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

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

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

7. Biomanipulation Tool for Water Management. Proceedings of an International Conference held in Amsterdam, The Netherlands, 8-11 August, 1989. Edited by R.D. Gulati, E.U.R.R. Lammens, M.L. Meijer and E.Van Donk. Kluwer Academic Publ. London.

8. Environment. D.K. Asthana and Meera Asthana. 1999. S. Chand and Company  Ltd. Ramnagar, New Delhi-110055.

9. Hypertrophic and Polluted Freshwater Ecosystems: Ecological Bases for Water Resource Management. 1991. Proceedings of an International Symposium on Limnology, held in Dhaka, Bangladesh; Edited by Max M. Tilzer and Moniruzzaan Khondker.

Env.430 Environmental Hazards and Disaster Management (4 Credits, 100 marks)
1. Risk Assessment: Concept of risk, hazard, disaster and vulnerability, 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.    

2. 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.

3. Hazard in the environment: definition of event, hazard and disaster, common feature of disaster, classification of disaster, factor related to damage, potential hazardous process or agencies, hazard caused stages and sequences, dimension of disaster.

4. Formation process, exposure and impact of various national hazard: Cyclones, storm surges, thunderstorms, (kalboishakhi), lightening, tornadoes, flooding, drought, landslides, subsidence, tsunamis, Volcanic activity.

5. Earthquake engineering: seismological aspects, earthquake occurrences, wave type, earthquake stations, source zones, magnitude, probability of occurrence, mode of wave propagation, designed ground motions, seismic soil structure interactions, and seismic design of retaining structures, liquefaction, and seismic risk in geotechnical earthquake engineering.

6. Coastal hazard and disaster Management: Types and causes of coastal hazard, Adjustment of hazard,   Warning and forecasting system, case study in Bangladesh.
7. Hazard assessment: technique, uncertainty, warning system, types and levels, natural resources maps, hazard related maps, use of hazard information in the development and  planning process, stage of development planning, integrated flood hazard assessment in to development planning process.

8. Disaster and hazard reduction: Scope of mitigation of environmental disaster and hazards, methods of mitigation, livelihood adaptation, risks reduction model, institution (flood action program, FAP), early warning information and GIS based disaster technology.  

Recommended References:

1. Smith, 1995, Environmental Hazard, 2nd edition. 

2. Edward A. Keller, 1985, 4th edition. Environmental Geology. CBS Publishers & Distributors, Delhi.

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

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

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

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

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

Env.405 Environmental Biogeochemistry
(2 Credits, 50 Marks)

1. Definition, scope and goal of biogeochemistry, its relation to environmental sciences

2. Carbon, the Earth and life: Carbon and the basic requirements of life, chemical elements, simple compound and their origin, the origin of life, the raw materials of life, evolution of life and the atmosphere, Miller experiments. 
3. Photosynthesis and evolution of life: Atmospheric oxygen, photosynthesis and the first organisms, evolution of marine life, evolution of terrestrial life, The carbon cycle and Atmospheric carbon dioxide: Terrestrial and ocean biogeochemical carbon cycle, Palaeo CO2 and Natural changes in the carbon cycle, anthropogic source of CO2, Carbon cycle model evaluation, Projection of CO2 concentration and their implications.
4. Chemical composition of biogenic materials: structure of natural products, occurrence of carbohydrates, proteins, lipids, waxes, lignin and tannin, biogeochemical implications of natural compounds, production degradation and preservation of organic compounds, sedimentary organic matter and final fate or biogenic materials in the natural environment, 

5. Biogeochemical tools for environmental 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.

6. Biogeochemical aspects of world major River: Carbon and Mineral Transport in Major North American, Russian Arctic, and Siberian Rivers: The St Lawrence, the Mackenzie, the Yukon, the Arctic Alaskan Rivers, the Arctic Basin Rivers in the Soviet Union, and the Yenisei, Carbon Transport by the Himalayan Rivers, Fate of Riverine Particulate Organic Matter, Dissolved Organic Carbon in Rivers.

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. 415 Health, Sanitation and Environment
(2 Credits, 50 Marks)

1. Definition of health, health and development, health problems in Bangladesh and developing countries and developed countries, morbidity and mortality pattern in national, regional and international perspectives

2. Water born disease, sources of safe water and supply in rural and urban areas, proper sanitation, Disease due to poor sanitation, personal hygiene and cleanliness, housing pollution/causes and its clinical care and prevention

3. Infectious/communicable (Diarrhoeal, STD, AIDS) and non-communicable disease (Cancer, cardiovascular), emerging and nonemerging disease, tropical disease, population growth and control, nutrition and health.

4. Risks factor for diseases, information, education and communication (IEC), public voice for ensuring health, proper sanitation and safe environment

5. Public health services, private for profit and non-profit health services, public and out of pocket health expenditures, economic impact on health, safety net for the health care of poor.

6. National health policy, role of UN (e.g. WHO, UNICEF, UNFPA and world bank) and other international agencies in public health, curative and preventive health care syatem and services, primary health care.

7. Management information system, research methods for assessment and evaluation of the health status and services, report writing.

Recommended References:
1. Textbook of preventive and social medicine, JE park and K Park, Banarsidas Bhanot publishers, India

2. Fundamental of community medicine, Sufi M Anawarul Islam and quazi Emadadual Haq, Dhaka

3. Textbook of international Health, Paul F Basch, Oxford international press, oxford.

Env. 425 Environmental Impact Assessments and Planning

(2 Credits, 50 Marks)

1. Introduction, definition, scope and goal of Environmental impact assessment (EIA), international and national aspects of EIA, role of DoE on application of EIA in Bangladesh.

2. Background and legal framework, baseline studies, capacity building, Project cycle- IEE and EIA, EIA characteristics and function of EIA, Methodologies (Adhoc, checklist, matrices, network diagram, overlays and mathematical modelling), social  impact assessment, EIA reporting and review, case studies (water quality impact, Large dam construction, tourism development; industrial development, afforestation)

3. Public involvement with Impact Assessment: Required of skill ecologist/personalities for EIA, Training provisions for EIA, Impact Assessment costs. 
4. Environment Risk Assessment (ERA): Definition, legal framework, risk evaluation, risk characterization, public perception of risk Major steps in ERA , Risk characterization and comparative risk assessment, risk analysis, industrial issues and health risk, case studies

5. Environmental Regulation and Auditing: Hazardous waste legislation, protocols, institutional and legal framework, ISO 14000, the nature of environmental auditing, audit planning, basic component of auditing, beneficiary groups.

6. Environmental management planning (EMP): monitoring and mitigation of environmental problems, sustainability concept and development, valuing the environment.

Recommended References:
1. P.Watheru, 1992, Environmental Impact Assessment – Theory and Practice, Chapman and Hall Ltd, New York.

2. L.Q. Center, 1996, Environmental Impact Assessment, McGraw-Hill, Inc, New York. N.Harley and C.L.Spash, 1998.

3. C.J.Barrow, 1997, Environmental and Social Impact Assessment, John Wilely & Sons, New York.

Env. 435 Environmental Geophysics
(2 Credits, 50 Marks)
1. Introduction: Geophysics- development, scope in environmental investigations and

2. overview of techniques.

3. Fundamentals of Magnetic methods: Basic principles; the earth’s magnetism; instruments and surveying techniques; interpretation; case histories.

4. Outline of Gravity methods: Basic theory; the earth’s gravity; gravity instruments and field operations; data interpretation; case histories.

5. Basic understanding of Seismic methods: elementary seismic theory; geometry of seismic wavepaths; reflection and refraction data acquisition; data interpretation; case histories.

6. Essentials of Electrical and Electromagnetic methods:Basic theory, field procedures and interpretation of resistivity, self potential and induced polarization method; general principle, field operations and interpretation of electromagnetic methods, includin ground penetrating radar;case histories.

7. Geophysical well logging: Basic interpretation of different logs, including geothermometry; case histories.

8. Radioactivity method: Basic principles of rsdioactivity; surveying techniques; interpretation; isotope hydroloy; case histories.

Recommended References:

1. Dobrin M.B. and Savit C.H.1988.Introduction to geophysical prospecting. McGraw-Hill Book Co., N.Y.

2. Kearey P. and Brooks M.1991. An introduction to geophysical exploration. Blackwell Scientific Publication, Oxford.

3. Parasnis D.S.1997. Principles of applied geophysics. Chopman and Hall,N.Y.

4. Reynolds J.M. 1997. An introduction to applied and environmental geophysics, John Wiley and Sons.

5. Rider M. 1996. The geological interpretation of well logs. Second edition, Whittles Pubtishing Caithness.

6. Sharma P.V. 1997. Environmental and engineering geophysics. Cambridge. Cambridge University Press.

7. Telford W.M., Geldard L.P. and Sheriff R.E. 1990. Applied geophysics. Cambridge University Press, Cambridge. 

Env. 445 Nature Conservation
 

(2 Credits, 50 Marks)

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

2. 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.

3. Techniques and methods of biodiversity conservation; management categories for conservation: Protected areas of Bangladesh. 

4. Forest resources of Bangladesh as resource base and their conservation.

5. 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.

6. Wetlands of Bangladesh as resource base and their management practices.

7. Germplasm conservation and seed banks: Uses of genetic information in conservation, Ex situ and In situ conservation, Farmers roles and right. 

8. Sustainable Living in the Biosphere: Biodiversity under protection; International geosphere - biosphere program (IGBP); World Conservation strategy; IBP and MAB Programs.
Recommended References:
1. Global Biodiversity Assessment, V.H. Heywood 1995,  UNEP

2. Frankel. O.H. Brown, A.H.D. and Burdan, J.J. 1995. Conservation of Plant Diversity, Cambridge University. Cambridge.

3. 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.

4. 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.

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

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

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

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

Env. 455 Environmental Modelling 
(2 Credits, 50 Marks)
1. Introduction: Scope of Environmental Modelling: Introduction – the need for environmental modelling; Modelling elements and model classification – physical model, mathematical model; Software and program based studies on environmental problems; Computer modelling; Mass Balances, Model Calibration and Verification.

2. Transport Phenomena: Introduction, Advection, Diffusion and Dispersion, Compartmentalization, Sediment Transport, Simple Transport Model.

3. Model for Groundwater Contamination: Introduction, Darcy’s Law, Flow Equations, Contaminant Solute Transport Equation, Sorption, Retardation and Reactions, Mobilization Models, Biotransformation, Bio-film and Bio availability, Unsaturated Zones, Remediation, Numerical Methods.

4. Conventional Pollutants in Rivers: Introduction, Mass Balance equation: Plug-Flow system, Streeter-Phelps Equation, Modification to Streeter-Phelps Equation, Waste load allocations, Dissolved Oxygen in Large rivers and Estuaries.

5. Eutrophication of Lakes: Introduction, Stoichiometry, Phosphorus as a Limiting Nutrient, Mass Balance on Total Phosphorus in Lakes, Nutrient Loading Criteria, Relationship of standing crop, Land use and Bioavailability, Dynamic Ecosystem Models for Eutrofication Assessments.

6. Global Change and Climate models: Climate Change and Global Circulation Model (GCMs; Global Climate Models or General circulation models), Global Carbon Box Model, Zero-dimensional models, Radiative-Convective Models, Higher Dimension Models, EMICs (Earth-system Models of Intermediate Complexity).
7. Model simulation: Process, schematic diagram, validation and robustness. 
Recommended References:
1. Environmental Modeling, Jerald L. Schnoor, John Willey & Sons, 1996.

2. Transport Modeling for Environmental Engineers and Scientists, Mark M. Clark, John Willey & Sons, 1996.

3. Energy and Environment - Modeling and Simulation, B.K. Bala, Nova Sci Pub, USA, 1998.

4. Principles of System Dynamics, B.K. Bala, Agrotech Pub Academy, India, 1998.

5. Introduction to Ecological Modeling – putting theory into practice, M. Gillman, R. Hails, Blackwell Science, 1997.

Env. 465 Limnology and Oceanography
(2 Credits, 50 Marks)
Limnology

1. Introduction: Definition, history and scope of limnology.

2. Physical features of inland water environments: Density, viscosity, surface film, surface tension, surface radiation, turbidity, effect of light and temperature on the growth of aquatic organisms, thermal stratification and circulation.

3. Productivity of aquatic habitat: Primary productivity and measurement of primary productivity in aquatic habitats; factors affecting primary production.

4. Classification of lakes and special type of world lakes; Factors affecting growth and distribution of planktonic organisms.

Oceanography

1. Marine ecosystems: Introduction, features of the oceans; Classification of marine environment (habitat).

2. Physico-chemical characteristics of marine environment: surface currents, waves, tides, continuity, light, temperature, pressure, viscosity and surface tension, density -temperature relationship, heat capacity, dissolved salts, major and minor ions in sea water, salinity-temperature relationship, dissolved gases and acid/base buffering.

3. Biota of marine ecosystem and their adaptations: General natures of marine life, Classification of biota of marine ecosystem - marine producers, shore communities, coral reefs - reef forming corals, zonation on coral reefs, symbiotic relationships in coral reef fish, coloration in coral reef fish, classification of marine plankton, migration of plankton, salinity effects on life, temperature effects.

4. Global marine primary production: Effects of light, photosynthetic pigments, nutrient requirements, nutrient regeneration and grazing on primary production.

Recommended References:

1. Sumich, J.L. 1992. In Introduction to the Biology of Marine Life, Wm. C. Brown Publishers, 3rd edition.

2. Ragothaman, G. 2002. Aquatic Ecology, Trivedy, Agrobios, India.

3. Subrahmanyam, N.S. and Sambamurty, A.V.S.S. 2000. Ecology, Narasa Publishing House, NewDelhi, India.

4. Steve, N. Oceanography, 1987. John Wiley and Sons.

5. Paul, S.W. 1952. Limnology (2nd ed.), McGraw Hill Book Company, USA.

6. Ruttner, F. 1975. Fundamentals of Limnology (3rd ed.) University of Toronto Press, Toroanto and Buffalo.

7. Robert, G.W. 1983. Limnology, Saunders College Publishing, USA.  
Env. 475 Agriculture and Environment  

(2 Credits, 50 Marks)

1. Historical perspective of agriculture: Environmental factors and adaptation of agricultural plants: Basic principles of agricultural crop production, Concept of agroforestry and management, Soil, land and cropping pattern in Bangladesh, agro-ecological zones in Bangladesh.

2. Agro-meteorology: Introduction, objectives, data sources, estimation crop yields, How to monitor and use meteorological data for agriculture purpose, speculation of future trend of agricultural changes.
3. Agrochemical and Environment: Historical perspectives of agrochemical uses, Basic principle of agriculture crop production, Natural hazards, types of agrochemicals, Effect of agrochemicals on soil, Fresh water and plant kingdom, Agrochemical residues, misuse of agrochemicals, Pollution Control in Agriculture: Slow release fertilizer, Integrated Pest Management (IPM).
4. Impact of climate changes on agricultural production: Bangladesh and global perspectives, understanding the driving forces of land use changes in Bangladesh, option for mitigation of the impact of climate changes, environmental changes and food security of Bangladesh and other densely populated countries.

5. Natural problems in agriculture practices: flood, drought, cyclone, rainfall, salinization, pest and disease, mitigation of natural problems.

6. Agricultural practice and technology: Choice of technology and technology transfer: import of environmental friendly technology from other Asian countries, Sustainable agricultural development in Bangladesh.
7. Production of transgenic plants: micropropagation, secondary metabolites production, impact of genetically modified food and biosafety.

Recommended References:
1. Mishra SJ and Mani D (1994) Agricultural pollution. Ashish Pub, New Delhi.

2. Whyte RO (1980) Crop Production and Environment. Faber and Faber Ltd, London.

3. Hugh Brammer (1999) Agricultural disaster Management in Bangladesh, UPL, Dhaka.

4. Chawla H.S. (2002) Introduction to plant biotechnology, 2nd Ed. Oxford & IBH publishing Company

Env. 485 Environmental Laws, Protocols and Ethics

(2 Credits, 50 Marks)

1. Definition of law, protocols, treaties and convention; classification of laws, environmental law, environmental rights, environmental justice, historical evolution of environmental legislation. 

2. Mention the major UN conferences regarding environment: Stockholm declaration, 1972, Agenda 21, Rio-declaration, Kyoto protocol, CDM and Carbon credit, Convention of biological diversity, Ramser convention, Basel convention, UN convention on the laws of the sea; and other recent conventions.

3. Environmental law regime in Bangladesh, constitutional provision, role of BELA in the legal activism in Bangladesh, Bangladesh position on ICTPs; ECA 1995, ECR 1997, EC 2000 and other recent laws, Environmental policy: National and international.
4. Sectoral environmental legislation’s in Bangladesh: laws regarding Biodiversity conservation, Forestry, Fishery, Mineral exploration, Groundwater management etc.

5. Relation of Environmental Laws to Ethics and ethical issues in environment. Role of classical and contemporary ethical theories to the suggestive measures for protecting environmental degradation both at local and global levels.

Recommended References:
1. Mohanty S.K., Universal’s Environment & Pollution Law Manual, Universal Law publishing Co. Pvt. Ltd., 1999.

2. Laws Regulating the Environment in Bangladesh, M. Farooque and R. Hassan, published by BELA.

3. Rahman A.A., Haq S., Haither R., Jansen E.G. (eds), Environment & Development in  

4. Bangladesh, voll 1&2, UPL, 1994.

5. Pojman P.L., Global Environmental Ethics, Mayfield Publishing Company, 2000

6. Rolston-3 H., Environmental Ethics, Temple University press, Philadelpfia, 1998.
Env.411 Project work/Internship
(2 Credits, 50 Marks)

A project on environmental issues under the supervision of any faculty of the department or an internship in any reputed organization can be undertaken for 3 months as assigned by the department. A report should be submitted and would be evaluated by an internal and an external as assigned by the department.   

Env.421 Field Work in Environmental Sciences
(2 Credits, 50 Marks)

Field work would be conducted any environmentally important area not less than 7 days. Following issues would be considered during the field work and in preparation of field report:

1. Natural resources (water, land, minerals, flora and fauna, solar and wind energy) and their utilization pattern and future prospects.

2. Natural and man-made pollution including industrial and agrochemical pollution.

3. Eco-system sustainability.

4. Public health and sanitation.

5. Natural hazards and disaster.

6. Environmental awareness and rights status and role of government and non-government organization.

7. Environmental Impact Assessment. 
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