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OUR VISION:

Department of Civil Engineering, Anna University, shall strive hard to develop and impart technical

knowledge and professional skills required for Civil Engineering practice through excellence in

teaching, research and consultancy to address sustainable infrastructure development needs at local,

national and International levels.
OUR MISSION:

Department of Civil Engineering, Anna University shall contribute to technological and social

development by

1.

Providing a firm scientific and technological base in Civil Engineering to achieve self-reliance.

2. Providing quality education through innovation in teaching practices at par with global standards.
3.
4. Developing and disseminating latest knowledge and technologies in emerging areas of Civil

Nurturing leadership and entrepreneurship qualities with ethical values.

Engineering.

5. Sharing intellectual resources and infrastructure facilities through collaborative partnership.

6. Ensuring supporting conditions for enhancing the employability skills.
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ANNA UNIVERSITY, CHENNAI
UNIVERSITY DEPARTMENTS
REGULATIONS - 2023
CHOICE BASED CREDIT SYSTEM
M.E.ENVIRONMENTAL ENGINEERING (FULL-TIME)

PROGRAMME EDUCATIONAL OBJECTIVES (PEOs)

Graduates of the programme ME Environmental Engineering will

PEO1

PEO2

PEO3

PEOA4

PEO5

Gain knowledge and skills in environmental engineering which will enable them to have
A career and professional accomplishment in the public or private sector organizations
Become consultants on complex real life Environmental Engineering problems related
to water supply, sewerage, sewage treatment, solid waste management, air pollution
control, environmental impact assessment, industrial pollution control.

Become entrepreneurs and develop processes and technologies to meet desired
environmental protection needs of society and formulate solutions that are technically
sound, economically feasible, and socially acceptable.

Perform investigation for solving environmental problems by conducting research using
Modern equipment and software tools.

Function in multi-disciplinary teams and advocate policies, systems, processes and
Equipment for control and remediation of pollution.

PROGRAMME OUTCOMES
Graduates of the programme ME Environmental Engineering will be able to

PO
1.
2.

Programme Outcomes

An ability to independently carry out research/investigation and development work to
solve practical problems

An ability to write and present a substantial technical report/document

Students should be able to demonstrate a degree of mastery over the area as per the
specialization of the programme. The mastery should be at a level higher than the
requirements in the appropriate bachelor programme.

Critically analyze complex Environmental Engineering problems, apply independent
judgment for synthesizing information and make innovative advances in a theoretical,
practical and policy context.

Conceptualize and solve Environmental Engineering problems, evaluate potential
solutions and arrive at technically feasible, economically viable and environmentally
sound solutions with due consideration of health, safety, and socio cultural factors
Develop ability to engage in independent and life-long learning to improve competence
by critical examination of the outcomes of one’s actions in addressing Environmental
issues and learning from corrective and preventive measures
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MAPPING OF COURSE OUTCOME AND PROGRAMME OUTCOME

Course Name PO1 | PO2 ©) ©) PO5 | PO6
Environmental Statistics 3 2 2 2 2 2
Environmental Chemistry 2 2 2 2 2 2
x | Environmental Microbiology 3 2 2 2 2 2
L . — .
2 | Design of Physico- Chemical Treatment 3 2 3 3 2 2
& Systems for water and wastewater
s | Transport of water and Wastewater 3 2 2 2 2 2
L(})J Research Methodology and IPR
_ Environmental Chemistry Laboratory 2 1 2 1 2 2
o Environmental Microbiology Laboratory 2 2 2 3 3 3
= Design of Biological Treatment Systems 2 1 3 3 3 2
> _ | _Air and Noise Pollution Control 2 2 2 2 2. 2
T | Industrial Wastewater Pollution - Prevention 3 2 3 2 3 2
w | and Control
t5 [ Professional Elective |
g Professional Elective Il
@ | Environmental and Processes Monitoring 2 2 2 3 3 3
" | Laboratory
Seminar 3 3 3 3 2 3
— | Professional Elective Il
” Professional Elective IV
I|.|_J Professional Elective V
v | Project Work — | 3 3 2 3 3 3
"'EJ Practical Training (Min 4 weeks)
w 3 2 2 3 2 2
— n
% Project Work — I 3 2 3 3 3 3
w >
> o
L
|_
n
L
=
L
n
* 1-low, 2-medium, 3-high
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MAPPING FOR PROFESSIONAL ELECTIVE COURSES [PEC]

Nsd COURSE TITLE PO1 | PO2 | PO3 | PO4 | PO5 | PO6
1. | Air Quality Modeling 1 1 2 1 2 2
2. | Advanced Oxidation Process 3 2 3 2 2 2
3. | Environmental and Sustainability 3 2 3 2 2 3
4. | Aquatic Ecosystem and Conservation 3 2 3 3 2 2
5. | Environmental Reaction Engineering 2 1 2 3 2 3
5 Natural Systems for Wastewater 2 2 2 2 2 2

* | Treatment
7 Soft Computing in Environmental 3 2 3 3 3 3
| Engineering
Design of Environmental Engineering 3 2 2 3 3 3
Structures
9. | Marine Pollution and Control 2 3 3 3 3 3
10. | Water Quality Modelling 2 3 3 3 3 3
11. | Environmental System Analysis 3 2 2 2 3 3
12. | Environmental Monitoring Instruments 1 1 2 2 1 2
Membrane Separation for Water and
13. | wastewater Treatment 2 1 3 3 2 2
14. | Emerging Contaminants 3 2 3 2 2 2
15. | Project Formulation and Implementation 3 2 3 2 2 2
16. | Environmental Nanotechnology 3 2 2 2 2 2
17 Solid and Hazardous Waste 3 1 3 3 2 2
" | Management
Environmental Management Systems 3 1 3 3 2 2
18. | and Auditing
19 Operation and Maintenance of Water 2 2 2 2 2 2
" | and Wastewater Treatment Systems
Climate Change Modelling, Mitigation 3 3 2 2 3 2
20. | And Adaptation
21 Environmental Impact and Risk 1 1 2 1 2 2
" | Assessment
* 1-low, 2-medium, 3-high
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ANNA UNIVERSITY, CHENNAI

UNIVERSITY DEPARTMENTS

M.E. ENVIRONMENTAL ENGINEERING (FULL-TIME)
REGULATIONS - 2023

CHOICE BASED CREDIT SYSTEM

CURRICULA AND SYLLABI FOR I TO IV SEMESTERS

SEMESTER |
PERIODS TOTAL
Nsd CSSSEE COURSE TITLE géy\z( PER WEEK | CONTACT | CREDITS
' L | T | P | PERIODS
THEORY
1. | EN3151 Environmental Statistics FC 4 0 0 4 4
2. | EN3101 | Environmental Chemistry PCC 3 0 4 7 5
3. |EN3102 | Environmental Microbiology PCC 3 0 4 7 5
4. | EN3103 | Design of Physico- Chemical | PCC 3 0 0 3 3
Treatment systems for water
and wastewater
5. | EN3104 | Transport of Water and PCC 3 0 0 3 3
Wastewater
6. |RM3151 | Research Methodology and RMC 2 1 0 3 3
IPR
TOTAL | 18 1 8 27 23
SEMESTER I
PERIODS TOTAL
NSC') ng[F\;EE COURSE TITLE gé-lF;l\E( PER WEEK CONTACT | CREDITS
' L [T |P | PERIODS
THEORY
1. |EN3201 Design of Biological PCC 4 0 |0 4 4
Treatment Systems
2. | EN3251 Air and Noise Pollution PCC 3 0 |0 3 3
Control
3. | EN3252 Industrial Wastewater PCC 3 0 |0 3 3
Pollution- Prevention and
Control
4 Professional Elective | PEC 3 0 |0 3 3
5. Professional Elective Il PEC 3 0|0 3 3
PRACTICAL
6. | EN3211 Environmental and PCC 0 0O |6 6 3
Processes Monitoring
Laboratory
7. | EN3212 Seminar EEC 0 0 |2 2 1
TOTAL | 16 0O |8 24 20
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SEMESTER lII

PERIODS TOTAL
Nsd. ngSEE COURSE TITLE ggy\z{ PER WEEK | CONTACT | CREDITS
L [T |P PERIODS
THEORY
1. Professional Elective Il PEC 3|/10| 0 3 3
2. Professional Elective IV PEC 310 0 3 3
3. Professional Elective V PEC 310 0 3 3
PRACTICAL
4. | EN3311 Project Work | EEC 00|12 12 6
5. EN3312 Practical Training (4 weeks) EEC 0|0 0 0 2
TOTAL | 9 | 0 | 12 21 17
SEMESTER IV
TOTAL
PERIODS
S. COURSE CATE CONTACT | CREDITS
NO. CODE COURSE TITLE GORY PER WEEK PERIODS
L[T P
PRACTICAL
1. |EN3411 | Project Work I | EEC 0024 24 12
TOTAL | O | O | 24 24 12

TOTAL CREDITS: 72

FOUNDATION COURSES (FC)

S. | COURSE PERIODS PER WEEK
No CODE COURSE NELIE Lecture | Tutorial | Practical CRED@S | SEMESTER
1. |EN3151 EnV|_ronmentaI 4 0 0 4 |
Statistics
TOTAL CREDITS

PROFESSIONAL CORE COURSES (PCC)

S. | COURSE PERIODS PER WEEK

NO | CODE COURSE NAME Lecture | Tutorial | Practical | CREDITS | SEMESTER

1. |EN3101 | Environmental Chemistry 3 0 4 5 I

2. | EN3102 | Environmental 3 0 4 5 [
Microbiology

3. | EN3103 | Design of Physico- 3 0 0 3 I
Chemical
Treatment Systems for
Water and Wastewater

4. | EN3104 | Transport of Water and 3 0 0 3 I
Wastewater

5. | EN3201 | Design of Biological 4 0 0 4 I
Treatment Systems

6. | EN3251 | Air and Noise Pollution 3 0 0 3 Il
Control

7. | EN3252 | Industrial Wastewater 3 0 0 3 Il
Pollution- Prevention and
Control

8. | EN3211 | Environmental and 0 0 6 3 Il
Processes Monitoring
Laboratory

TOTAL CREDITS 29
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PROFESSIONAL ELECTIVE COURSES [PEC]

S. COURSE COURSE NAME PERIODS PER WEEK CREDITS

NO. CODE Lecture | Tutorial | Practical

1. EN3001 | Air Quality Modeling 3 0 0 3

2. EN3002 | Advanced Oxidation Process 3 0 0 3

3. EN3003 | Environmental and 3 0 0 3
Sustainability Planning

4, EN3004 | Aquatic Ecosystem and 3 0 0 3
Conservation

5. EN3005 | Environmental Reaction 3 0 0 3
Engineering

6. EN3006 | Natural Systems for 3 0 0 3
Wastewater Treatment

7. EN3007 | Soft Computing in 3 0 0 3
Environmental Engineering

8. EN3008 | Design of Environmental 3 0 0 3
Engineering Structures

9. EN3051 | Marine Pollution and Control 3 0 0 3

10. | EN3009 | Water Quality Modelling 3 0 0 3

11. |EN3010 | Environmental System 3 0 0 3
Analysis

12. |EN3011 | Environmental Monitoring 3 0 0 3
Instruments

13. |EN3052 | Membrane Separation for 3 0 0 3
Water and Wastewater
Treatment

14. |EN3012 | Emerging Contaminants 3 0 0 3

15. | EN3013 | Project Formulation and 3 0 0 3
Implementation

16. | EN3014 | Environmental 3 0 0 3
Nanotechnology

17. |EM3252 | Solid and Hazardous Waste 3 0 0 3
Management

18. |EM3051 | Environmental Management 3 0 0 3
Systems and Auditing

19. | EM3052 | Operation and Maintenance of 3 0 0 3
Water and Wastewater
Treatment Systems

20. | EM3053 | Climate Change Modelling, 3 0 0 3
Mitigation And Adaptation

21. |EM3251 | Environmental Impact and Risk 3 0 0 3
Assessment

RESEARCH METHODOLOGY AND IPR COURSES (RMC)
S. | COURSE COURSE NAME PERIODS PER WEEK CREDITS | SEMESTER
NO | CODE Lecture| Tutorial | Practical
1. | RM3151 | Research Methodology 2 1 0 3 I
and IPR
TOTAL CREDITS 3
8
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EMPLOYABILITY ENHANCEMENT COURSES (EEC)

S. COURSE PERIODS PER WEEK
NO CODE COURSE NAME Lecture Tutorial | Practical CREDITS | SEMESTER
1. |EN3212 |Seminar 0 0 2 1 1l
2. | EN3312 Practical Training 0 0 0 2 1
(4 weeks)
3. |EN3311 |Project Work | 0 0 12 6 11
4. |EN3411 | Project Work |l 0 0 24 12 v
TOTAL CREDITS 21
Summary
NAME OF THE PROGRAMME: M.E ENVIRONMENTAL ENGINEERING
S. Subject Area Credits per Semester Credits
No | T I v Total

1. FC 4 -- 4

2. PCC 16 13 29

3. PEC 6 9 15

4. RMC 3 3

5. EEC 1 8 12 21

Total 23 20 17 12 72
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EN3151 ENVIRONMENTAL STATISTICS LTPC
4004
UNIT | ENVIRONMENTAL DATA 12
Environmental data; types and objectives - Air, Water, Noise, Climate and Meteorological Data-
generation -measurement scales; interpreting environmental standards and data- Environmental
Problems and Statistics

UNIT Il ENVIRONMENTAL STATISTICS 12
Statistical descriptors of environmental data — numerical and graphical; uncertainty — accuracy,
precision and bias estimation of environmental data; variability and errors in environmental data.
concept of random variable and its relevance.

Probability concepts; probability distribution functions and their applications-discrete and continuous
distributions. Probability distribution applications-.

UNIT I ENVIRONMENTAL DATA SAMPLING AND ANALYSIS 12
Need and purpose of sampling; types of sampling designs-probability and non-probability sampling
designs for environmental monitoring- Sampling theory, sampling distributions; environmental
parameter estimation-point and interval estimates; confidence interval estimation; sample size
determination Hypothesis testing-parametric and non-parametric tests: assessment of violation of
environmental standards, comparing environmental parameters

UNIT IV ENVIRONMENTAL DATA ANALYTICAL TOOLS 12
Correlation analyses: graphical analysis, covariance, correlation coefficient, distribution of correlation
coefficient and its statistical significance. Empirical model Building-Regression analysis: assumptions
and definitions, principle of least squares, regression parameters their distribution.

Analysis of Variance(ANOVA); Mid-term Exercises- Multivariate exploratory technique Ordination,
principle component analysis- Cluster analysis- Diversity measure- Machine leaning- Monte-Carlo
method and risk assessment

UNITV  APPLICATIONS AND CASE STUDIES 12
Case studies: Climate change and volume-discharge curve Applications: Stage-discharge curve and
volume-discharge curves, water quality parameters and agriculture. Analysis of trend in the
environmental data Introduction to time-series analysis; characteristics of hydrological, water and air
guality time series; Trend and seasonality; detecting and estimating trends-applications to
hydrological, meteorological, water and air quality data.

TOTAL: 60 PERIODS

COURSE OUTCOMES:

By the end of this course, students will be able to:

CO1 Statistically analyse and present the environmental data

CO2 demonstrate the applications of statistical techniques to problems drawn from industry,
management and other engineering fields

CO3 Explain major statistical analysis and modeling techniques for scientific understanding of
environmental problems

CO4 Select appropriate statistical analysis methods depending on particular environmental
problem and type of data

CO5 Apply major statistical analysis and modeling techniques to particular dataset, and interpret
the results from such applications.

REFERENCES:

Environmental and Ecological Statistics with R, 2010, S. S. Quin, CRC Press

Environmental Statistics: Methods and Applications, 2003, Vic Barnett, wiley

Statistics for Environmental Science and Management, 2008, Bryan F.J. Manly, CRC Press
Statistics for Environmental Engineers, Linfield C. Brown, Paul Mac Berthouex, 2002, CRC Press
Statistical Tools for Environmental Quality Measurement, 2003, Douglas E. Splitstone, Michael E.
Ginevan, Chapman & Hall

arwdE

10

DIRECTOR
Centre for Academic Courses

Anna University, Chennai-al

) 025
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EN3101 ENVIRONMENTAL CHEMISTRY LTPC

3045
UNIT I FUNDAMENTALS 9
Stoichiometry and mass balance-Chemical equilibria, acid base, solubility product(Ksp) ,heavy metal
precipitation, amphoteric hydroxides, CO solubility in water and species distribution — Ocean
acidification, Chemical kinetics , First order and pseudo order examples- 12 Principles of green
chemistry

UNIT II AQUATIC CHEMISTRY 11
Water and wastewater quality parameters- environmental significance and determination; Fate of
chemicals in aquatic environment, volatilization, partitioning, hydrolysis, photochemical
transformation— Degradation of natural and synthetic chemicals - Metals, complex formation,
oxidation and reduction , pE — pH diagrams, redox zones — sorption- Colloids, electrical properties,
double layer theory, environmental significance of colloids, coagulation .

UNIT I ATMOSPHERIC CHEMISTRY 7
Atmospheric structure — chemical and photochemical reactions — photochemical smog. Ozone layer
depletion — greenhouse gases and global warming, CO mitigation and net zero emission — acid
rain- origin and composition of particulates. black carbon, air quality parameters determination.

UNIT IV SOIL CHEMISTRY 9
Nature and composition of soil - Clays- cation exchange capacity-acid base and ion-exchange
reactions in soil — agricultural chemicals in soil-reclamation of contaminated land; salt by leaching-
Heavy metals by electrokinetic remediation.

UNIT V EMERGING TRENDS 9
Chemical speciation —Speciation of Hg & As- endocrine disturbing chemicals- Pesticides, Dioxins &
Furan, PCBs , PAHs and Fluro compounds toxicity- Nano materials, CNT, titania, composites
,environmental applications, Green Hydrogen generation.

List of experiments 60
Calibration of pipette and estimation of SD and CV

2 Calibration and Measurement of pH, EC and turbidity of water sample

3 Estimation of Chloride in Water sample by volumetric titration

4, Determination of fluoride in water by spectrophotometric/lon selective method

5. Determination of sulphate of water sample by spectrophotometric method

6 Determination of colour in water and wastewater samples

7 Determination of phosphate by molybdenum blue method

8 Determination of Total Solids, Total suspended solids, Total dissolved solids by gravimetry

9 Determination of COD in wastewater sample

10. Sampling and determination of BOD in the wastewater sample
11. Sampling and determination of ammonia/TKN in wastewater sample
12. Sampling and characterization of soil for Na and K
13. Sampling and characterization of solid waste for Moisture, organic and inorganic matters
TOTAL: 105 PERIODS
11
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COURSE OUTCOMES:

CO1.: Students will gain competency in solving environmental issues of chemicals based pollution
CO2: Ability to determine chemicals mobility in aquatic systems

COa3: Ability to identify contaminating chemicals in air and their fate

CO04: Understand the type of soil contaminants and provide remediation

CO5: Identify emerging environmental contaminants and nano tech applications including green
hydrogen

REFERENCES:

1. Sawyer, C.N., Mac Carty, P.L. and Parkin, G.F., "Chemistry for Environmental Engineering
and Science", Tata McGraw — Hill, Fifth edition, New Delhi 2003.

2. Colin Baird, Environmental Chemistry, Freeman and company, New York, 5th Edition,2012.

3. Manahan, S.E., "Environmental Chemistry", Tenth Edition, CRC press, 2017.

4. Jonathan D. Raff, Ronald A. Hites,"Elements of Environmental Chemistry", Wiley, 3
Edition,2020.

5. APHA, "Standard Methods for the Examination of Water and Wastewater”, 23 " Ed.
Washington, 2017.

0. "Laboratory Manual for the Examination of water, wastewater soil Rump", H.H. and Krist, H. —
VCH, Germany, 3rd Edition, 1999.

7. "Methods of air sampling & analysis", James P.Lodge Jr(Editor) 3rd Edition, Routledge; 2020

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
Cco1 1 2 2 2 3 2
CO2 2 2 2 2 1 2
CO3 3 2 2 2 3 2
CO4 3 2 2 2 1 2
CO5 2 2 2 2 1 2
Avg 2 2 2 2 2 2
* 1-low, 2-medium, 3-high
EN3102 ENVIRONMENTAL MICROBIOLOGY LTPC
3045
UNIT | FUNDAMENTALS OF MICROBIOLOGY 9

Classification of microorganisms — prokaryotic, eukaryotic, ultra-structure of cell — Gram positive,
Gram negative, characteristics, importance, introduction to water, soil and air borne pathogens and
Parasites and their effects on human, animal and plant health, transmission of pathogens,
transmissible diseases — bacterial, viral, protozoan, and helminths parasites, bacteriophages — lytic
and lysogenic cycles, concentration and detection of virus, isolation, characterization of bacteria,
preservation , DNA, RNA, replication, recombinant DNA technology, their potential applications and
intellectual property rights.

UNIT Il MICROBIAL DIVERSITY AND NUTRIENTCYCLING 9
Distribution of microorganisms in different environments — diversity of microorganisms — fresh and
marine, terrestrial — microbes in surface soil, air — outdoor and Indoor, extreme environment,
aerosols, bio safety in laboratory, Algae — occurrence in water supplies — types, problems and
control, biogeochemical cycles-nitrogen, carbon, phosphorus, sulphur — Role of Microorganisms in
nutrient cycle.

UNIT 1 METABOLISM OF MICROORGANISMS 9
Factors affecting growth of microorganisms — Nutrition, pH, temperature, oxygen, growth phases,
Metabolism — carbohydrate — glycolysis, Kreb’s cycle, hexose monophosphate pathway,protein
metabolism, lipid metabolism, respiration — aerobic, anaerobic, fermentation, phosphorylation- types,
enzymes — classification, mechanism of action.
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UNIT IV MICROBIOLOGY OF WASTEWATER TREATMENT SYSTEMS 9
Microbiology of biological treatment processes — aerobic and anaerobic, a-oxidation, p-oxidation,
nitrification and denitrification, eutrophication, nutrients removal — BOD, nitrogen, phosphate.
microbiology of sewage sludge - indicator organisms of water — coliforms - total coliforms, E. coli,
Streptococcus, Clostridium, Bioleaching

UNIT V TOXICOLOGY 9
Ecotoxicology — toxicants and toxicity, factors influencing toxicity. effects — acute, chronic, test
organisms — toxicity testing-lab and field testing methods, bioconcentration — bioaccumulation and
biomagnification — causes, effects, bioassay, biomonitoring — techniques, considerations for
designing biomonitoring studies, ethical aspects, issues - biomarkers in environmental monitoring.

LIST OF EXPERIMENTS 60
1. Preparation of culture media (Broth and Solid)

. Isolation and culturing of microorganisms

. Microscopical identification of Microorganisms (algae, bacteria and fungi)

. Measurement of growth of microorganisms

. Analysis of air borne microorganisms

. Staining of bacteria (Gram Staining technigque)

. Effect of pH, temperature on microbial growth

. Bacteriological analysis of wastewater (Coliforms, E.coli, Streptococcus) — MPN

. Bacteriological analysis of wastewater (Coliforms, Streptococcus) - MF techniques
10. Effect of Heavy metals on microbial growth

11. Detection of anaerobic bacteria

12. Bioreactors (cultivation of microorganisms)

OCO~NOUITA_WN

TOTAL: 105 PERIODS
COURSE OUTCOMES:
On completion of the course, the student is expected to be able to
CO1: Explain the basic importance and functional elements of environmental microbiology including
the potential applications in the environment and intellectual property rights
CO2: Understand and describe the type of microorganisms in the environment, their importance in
water supplies and the role of microorganisms in the cycling of nutrients in an ecosystem.
CO3: Understand the metabolic processes on carbohydrates, protein and lipids, importance of
enzymes, production of energy and the various additional metabolic processes
CO4: Select and apply appropriate methods for assessing the water, air and soil borne pathogens,
their health implications, importance of microbes in aerobic and anaerobic cycles and
deterioration of water bodies.
CO5: Conduct testing and research on toxicology, understand the importance of test organisms,
environmental applications such as biomagnifications, biomonitoring and in developing risk
based standards.
REFERENCES
1. Patrick K. Jjemba. “Environmental Microbiology: Principles and Applications”. Scientific
Publishers, 2004, 978-1578083473.

2. Bhatia S.C., "Hand Book of Environmental Microbiology", Part 1 and 2, Atlantic Publisher, 20083
Gabriel Bitton, Wastewater Microbiology, 2nd Edition,

3. Raina M. Maier, lan L. Pepper, Charles P. Gerba, "Environmental Microbiology”, Academic
Press, 2000

4. Volodymyr Ivanov, Environmental Microbiology for Engineers 2nd Edition, CRC Press, 2015,
ISBN 9781498702126

5.  Nduka Okafor, Environmental Microbiology of Aquatic and Waste systems. Springer Publishers,

2011, ISBN 978-94-007-1459-5

Stanley E. Manahan, "Environmental Science and Technology", Lewis Publishers, 2008

Mitchell R, Gu, J. “Environmental Microbiology” 2™ Edition, Wiley India, 2016., ISBN

9788126563203.

No
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8. APHA, "Standard Methods for the Examination of Water and Wastewater", 23" Ed. Washington,
2017.

9. 6. "Laboratory Manual for the Examination of water, wastewater soil Rump"”, H.H. and Kirist, H.
—VCH, Germany, 3rd Edition, 1999.

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 POG6
co1 2 2 2 2 2 2
CO2 3 3 2 2 3 3
CO3 3 2 2 2 2 2
CO4 2 3 2 2 2 3
CO5 3 2 3 3 2 2
Avg 3 2 2 2 2 2
* 1-low, 2-medium, 3-high
EN3103 DESIGN OF PHYSICO- CHEMICAL TREATMENT SYSTEMS LTPC
FOR WATER AND WASTEWATER 3003
UNIT | INTRODUCTION 5

Pollutants in Water and Wastewater — Characteristics, Standards for performance — Significance of
Physico-chemical treatment — Selection criteria — Types of reactor — Batch and continuous type -
Kinetics — Hydraulics of reactor - Water requirement for domestic and industrial purposes - Overview
of Physical chemical treatment in Water and Wastewater Treatment Plants.

UNIT Il TREATMENT PRINCIPLES 10
Physical Treatment units - Screening — Flow equalization — Grit chamber — Skimming tank — Flotation
—. Mixing — Sedimentation — Filtration — Evaporation — Aeration and Gas Transfer — Mass transfer
coefficient - Adsorption — isotherms — Membrane separation - Air stripping — Crystallization —
Reverse Osmosis — Electrodialysis - Chemical Treatment units - Neutralization - Coagulation and
Flocculation — Precipitation — lon exchange- Advanced oxidation — Disinfection - Recent Trends.

UNIT I DESIGN OF MUNICIPAL WATER TREATMENT PLANTS 10
Design of Municipal Water Treatment Units - Selection of Treatment - Aeration — Chemical feeding
— Coagulation and flocculation - Clarifier — Rapid and slow sand filters — Pressure filter, dual media
and multimedia filter — Disinfection - Hydraulic profile — Flow charts - Plant sizing and layout — Recent
trends.

UNIT IV DESIGN OF INDUSTRIAL WATER TREATMENT PLANTS 10
Design of Industrial Water Treatment Units - Selection of Treatment — Design of Softeners -
Demineralisers — RO Plants - RO reject Management — Flow charts - Plant sizing and layout — Recent
Trends.

UNIT V DESIGN OF WASTEWATER TREATMENT PLANTS 10
Design of Municipal Wastewater Treatment Units - Screening - Grit chamber — Settling tanks —
Sludge dewatering - Sludge thickening — Sludge drying beds - Design of Industrial Wastewater
Treatment Units — Equalization — Neutralization — Mixing — Flotation — Oil skimmer - Membrane
filtration - Electrodialysis — Adsorption - Advanced Oxidation — Evaporator - Hydraulic profile —
Residual management - Flow charts — Plant sizing and layout — Recent Trends.

TOTAL: 45 PERIODS

14

DIRECTOR
Centre for Academic Courses

Anna University, Chennai-al

) 025



COURSE OUTCOMES:

. On Completion of the course, the student is expected to be able to

CO1 Explain the significance of various pollutants present in water, wastewater and develop the
kinetics for reactor design

CO2 Describe the principles of physico-chemical treatment systems and choose the relevant
treatment systems for effective water and wastewater treatment

CO3 Design the treatment scheme for municipal and industrial water, wastewater to meet the
specific needs on residue management

CO4 lIdentify environmental issues in the society on wastewater treatment and formulate technical
solutions that are economically feasible and socially acceptable

CO5 Conduct research to identify and design most appropriate treatment schemes for the emerging
environmental issues on treatment systems in collaboration with municipalities, corporation,
pollution control boards and industries

REFERENCES:

1. Metcalf & Eddy, Inc., George Tchobanoglous, Franklin L. Burton and H. David Stensel,
“Wastewater engineering, treatment and reuse”, Fourth Edition, McGraw-Hill, 2017.

2. Qasim S.R., Guang Zhu., “Wastewater Treatment and Reuse”, Volume 1& 2 2018.

3. Rumana Riffat, “Fundamentals of Wastewater Engineering”, IWA Publishing, 2013.

4. Lawrence K. Wang, Yung-Tse Hung, Nazih K. Shammas, “Advanced Physicochemical
Treatment Technologies”, Volume 5, Humana Totowa, NJ, 2007.

1. Lee, C.C. and Shun dar Lin, "Handbook of Environmental Engineering Calculations", McGraw
Hill, New York, 1999.

2. Peavy H. S., Rowe, D. R. Tchobanoglous G, “Environmental Engineering”, McGraw Hills, New
York, 2013.

3. Sincero A. P. and Sincero G. A., “Physical-Chemical Treatment of Water and Wastewater”, IWA
Publishing, 2002.

4. Mackenzie L.Davis, David A. Cornwell, “Introduction to Environmental Engineering”, McGraw
Hill, 1998.

5. Sincero A. P. and Sincero G. A., “Environmental Engineering: A Design Approach”, Prentice
hall, 1995.

6. CPHEEO manual — “Manual for sewerage and sewage treatment systems” — Part A,B,C,
Ministry of Urban development, New Delhi,2013.

7. CPHEEO manual — “Manual for water supply and treatment” — Ministry of Urban development,
New Delhi, 1999.

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
CoO1 2 2 2 2 2 2
CO2 3 2 2 2 2 2
COo3 2 2 3 3 3 2
CO4 3 2 3 3 3 3
CO5 3 3 3 3 2 3
Avg 3 2 3 3 2 2
* 1-low, 2-medium, 3-high
EN3104 TRANSPORT OF WATER AND WASTEWATER LTPC
3003
UNIT | GENERAL HYDRAULICS 9

Fluid properties; fluid flow — continuity principle, energy principle and momentum principle; frictional
head loss in free and pressure flow, minor head losses, carrying capacity— flow measurement. need
for transport of water and wastewater and types
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UNIT Il WATER TRANSMISSION MAINS 9
Planning of water system — design of storage reservoirs - water transmission main design- compound
gravity and pumping main; selection of pumps and characteristics curve - economics; specials,
jointing, laying and maintenance, water hammer analysis; Surge Analysis-importance, protection,
software analysis

UNIT I WATER DISTRIBUTION 9
Service reservoirs-types and design. water distribution pipe networks design, analysis and
optimization — appurtenances — corrosion prevention — minimization of water losses — leak detection.
plumbing for water supply in high rise buildings. use of computer software in water transmission,
water distribution design — EPANET 2.0, LOOP version 4.0, BRANCH,

UNIT IV WASTEWATER COLLECTION AND CONVEYANCE 9
Planning factors — design of sanitary sewer; partial flow in sewers, economics of sewer design;
wastewater pumps and pumping stations- sewer appurtenances; material, construction, inspection
and maintenance of sewers; design of sewer outfalls-mixing conditions; conveyance of corrosive
wastewaters. plumbing for drains in high rise buildings-Combined Sewers

UNIT V STORM WATER DRAINAGE 9
Necessity- combined and separate system; estimation of storm water runoff - formulation of rainfall
intensity duration and frequency relationships- rational methods. CPHEEO model Design; Use of
computer softwares in sewer design—sewer. SewerCAD, SewerGEMS

TOTAL: 45 PERIODS
COURSE OUTCOMES:
e On Completion of the Course the student will be able to
CO1 Understand general hydraulics and need for proper collection and conveyance of water and
wastewater
CO2 Design economic diameters of gravity and pumping mains and storage reservoirs
CO3 Design and analysis of water distribution networks and apply computer softwares
C0O4 Design sewer networks for various flow conditions
CO5 Design storm water drain and apply computer softwares for design of sewers.

REFERENCES:

1. Pramod R. Bhave, Rajesh Gupta. “Analysis of Water Distribution Networks”, Alpha Science
International, 2006

2. Bajwa, G.S. "Practical Handbook on Public Health Engineering”, Deep Publishers, Shimla, 2003

3. “Manual on water supply and Treatment”, CPHEEO, Ministry of Urban Development, Government
of India, New Delhi, 1999.

4. “Manual on Sewerage and Sewage Treatment Part-A Engineering”, CPHEEO, Ministry of Urban
Development, Government of India, New Delhi, 2013

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
CcoO1 2 2 2 2 2 2
CO2 3 3 2 2 3 3
CO3 3 2 2 2 2 2
CO4 2 3 2 2 2 3
CO5 3 2 3 3 2 2
Avg 3 2 2 2 2 2
* 1-low, 2-medium, 3-high
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RM3151 RESEARCH METHODOLOGY AND IPR LTPC
2103

UNIT | RESEARCH PROBLEM FORMULATION 9
Objectives of research, types of research, research process, approaches to research; conducting
literature review- information sources, information retrieval, tools for identifying literature, Indexing
and abstracting services, Citation indexes, summarizing the review, critical review, identifying
research gap, conceptualizing and hypothesizing the research gap

UNIT Il RESEARCH DESIGN AND DATA COLLECTION 9
Statistical design of experiments- types and principles; data types & classification; data collection -
methods and tools

UNIT I DATA ANALYSIS, INTERPRETATION AND REPORTING 9
Sampling, sampling error, measures of central tendency and variation,; test of hypothesis- concepts;
data presentation- types of tables and illustrations; guidelines for writing the abstract, introduction,
methodology, results and discussion, conclusion sections of a manuscript; guidelines for writing
thesis, research proposal; References — Styles and methods, Citation and listing system of
documents; plagiarism, ethical considerations in research

UNIT IV INTELLECTUAL PROPERTY RIGHTS 9
Concept of IPR, types of IPR — Patent, Designs, Trademarks and Trade secrets, Geographical
indications, Copy rights, applicability of these IPR; , IPR & biodiversity; IPR development process,
role of WIPO and WTO in IPR establishments, common rules of IPR practices, types and features
of IPR agreement, functions of UNESCO in IPR maintenance.

UNIT V PATENTS 9
Patents — objectives and benefits of patent, concept, features of patent, inventive steps,
specifications, types of patent application; patenting process - patent filling, examination of patent,
grant of patent, revocation; equitable assignments; Licenses, licensing of patents; patent agents,
registration of patent agents.

TOTAL: 45 PERIODS
COURSE OUTCOMES
Upon completion of the course, the student can
CO1.: Describe different types of research; identify, review and define the research problem
CO2: Select suitable design of experiment s; describe types of data and the tools for collection of
data
CO3: Explain the process of data analysis; interpret and present the result in suitable form
CO4: Explain about Intellectual property rights, types and procedures
CO5: Execute patent filing and licensing

REFERENCES:

1. Cooper Donald R, Schindler Pamela S and Sharma JK, “Business Research Methods”, Tata
McGraw Hill Education, 11e (2012).

2. Soumitro Banerjee, “Research methodology for natural sciences”, [ISc Press, Kolkata, 2022,

3. Catherine J. Holland, “Intellectual property: Patents, Trademarks, Copyrights, Trade Secrets”,
Entrepreneur Press, 2007.

4. David Hunt, Long Nguyen, Matthew Rodgers, “Patent searching: tools & techniques”, Wiley,
2007.

5. The Institute of Company Secretaries of India, Statutory body under an Act of parliament,
“Professional Programme Intellectual Property Rights, Law and practice”, September 2013.
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EN3201 DESIGN OF BIOLOGICAL TREATMENT SYSTEMS LTPC
4004

UNITI REACTION KINETICS AND BIO REACTORS 12
Objectives of biological treatment—significance—principles of aerobic and anaerobic treatment-kinetics
of biological growth—factors affecting growth—attached and suspended growth-determination of kinetic
coefficients for organic removal- enzyme kinetics biodegradability assessment - selection of process-
reactors- biokinetics - batch reactor - continuous flow stirred tank reactor-plug flow reactor - flowcharts,
layout, PID, hydraulic profile

UNITII CONVENTIONAL AEROBICTREATMENT PROCESSES 12
Design of sewage treatment plant units —activated sludge process and variations-trickling filters- bio-
tower-RBC- fluidized bed reactors, aerated lagoons, waste stabilization ponds— natural treatment
systems, constructed wetland - disposal options — reclamation and reuse — recent trends.

UNIT I ADVANCED AEROBICTREATMENT PROCESSES OF WASTEWATER 12
Sequencing batch reactors- moving bed biofilm reactors- membrane bioreactor- reclamation and reuse
of wastewater-design of tertiary treatment units-application of membrane separation technologies in
reuse of sewage -case studies

UNIT IV ANAEROBICTREATMENT OF WASTEWATER 12
Attached and suspended growth process -design of units—UASB — post treatment systems for UASB
reactor-anaerobic filters — expanded bed and fluidized bed anaerobic systems -septic tank and soil
disposal system - anaerobic baffled reactor—anaerobic sludge digestion process -types of anaerobic
sludge digesters — design of low rate and high rate anaerobic digestors- recent trends.

UNIT V NUTRIENT REMOVAL SYSTEMS 12
Nutrients in wastewater —significance - nitrification and denitrification-nitrogen removal systems —
anaerobic ammonium oxidation (ANAMMOX) - Reactors for ANAMMOX process development -
Polyphosphate-accumulating organisms (PAOs)—anaerobic and aerobic metabolism of phosphorus in
phosphate accumulating bacteria -enhanced biological phosphorus removal (EBPR) —recent trends —
case studies

TOTAL: 60 PERIODS
COURSE OUTCOMES:
o On completion of the course, the student is expected to be able to
CO1 Understand the microbial process and its kinetics
CO2 Design and size the different components of conventional aerobic treatment systems.
CO3 Design and size the different components of advanced aerobic treatment systems.
C0O4 Understand in detail about the anaerobic treatment of wastewater which includes the design

of attached and suspended growth processes.
CO5 Design the different elements of nutrient removal systems

REFERENCES:

1. ArceivalaS.J.,and Asolekar S.R" Wastewater Treatment for Pollution Control and reuse" McGraw
Hill, third Edition, NewDelhi, 2007.

2. Manual for “Sewerage and Sewage Treatment Systems”, PART- A, CPHEEO, Ministry of Urban
Development, Government of India, New Delhi, 2013.

3. Metcalf & Eddy, Inc., George Tchobanoglous, Franklin L. Burton and H. David Stensel,
Wastewater engineering, treatment and reuse, Fourth Edition, McGraw-Hill, 2017

4. Qasim, S. R. and Guang Zhu "Wastewater Treatment and Reuse. Theory and Design Examples",
CRC Press, New York, 2018.

5. F.R. Spellman, "Hand Book of Water and Wastewater Treatment Plant operations"”, CRC Press,
New York2020.

6. David Hendricks, "Fundamentals of Water Treatment Process", CRC Press, New York 2011.
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CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
Cco1l 2 1 3 3 3 2
CO2 2 1 3 3 3 2
Cco3 2 1 3 3 3 2
CO4 2 1 3 3 3 2
CO5 2 1 3 3 3 2
Avg 2 1 3 3 3 2
* 1-low, 2-medium, 3-high
EN3251 AIR AND NOISE POLLUTION CONTROL LTPC
3003
UNIT | INTRODUCTION 9

Structure and composition of Atmosphere — Sources and classification of air pollutants — Effects of
air pollutants on human health, vegetation & animals, Materials & Structures — Effects of air
Pollutants on the atmosphere, Soil & Water bodies — Long- term effects— Ambient Air Quality and
Emission Standards — Air Pollution Indices — Emission Inventories- Indoor Air Pollution

UNIT Il AIR POLLUTION MONITORING AND MODELLING 9
Ambient and Stack Sampling and Analysis of Particulate and Gaseous Pollutants -Effects of
meteorology on Air Pollution - Fundamentals, Atmospheric stability, Inversion, Wind profiles and
stack plume patterns- Transport & Dispersion of Air Pollutants — Modelling Techniques — Air Pollution
Climatology.

UNIT I CONTROL OF PARTICULATE POLLUTANTS 9
Factors affecting Selection of Control Equipment; Gas Particle Interaction, — Working principle,
Design and performance equations of Gravity Separators, cyclones, Fabric filters, Particulate
Scrubbers, Electrostatic Precipitators — Operational Considerations - Costing of APC equipment —.
Recent Advances

UNIT IV CONTROL OF GASEOUS POLLUTANTS 9
Factors affecting Selection of Control Equipment -Working principle, Design and performance
equations of Absorption, Adsorption, Condensation, Incineration, Bio-scrubbers, Bio-filters —Control
Technologies-SO,,NOx CO, H,S; VOC, Process control and Monitoring - Operational Considerations
- Costing of APC Equipment —Emerging Trends,

UNIT V NOISE POLLUTION 9
Noise Pollution: Sources and Effects of Noise Pollution — Measurement — Equivalent Noise Level-
Ambient and Source Noise Standards -Occupational Noise- Sampling of ambient and industrial
Noise-Statistical Analysis of Noise Control and Preventive measures.

TOTAL: 45 PERIODS
COURSE OUTCOMES:
After completion of this course, the student is expected to be able to understand:
CO1 Various types and sources of Air Pollution and its effects
CO2 Methods of source and ambient monitoring and dispersion of pollutants and their modeling
CO3 The principles and design of control of particulate pollutants
CO4 The principles and design of control of Gaseous pollutant
CO5 Sources, effects and control of vehicular, indoor air and noise pollution

REFERENCES:

1. Noel de Nevers, "Air Pollution Control Engg", Mc Graw Hill, New York, 2016.

2. Daniel Vallero “Fundamentals of Air Pollution”, Fourth Edition, 2008.

3. Arthur C.Stern, “Air Pollution (Vol.l — Vol.VIIl)’, Academic Press, 2006.

4. Lawrence K. Wang, Norman C. Parelra, Yung Tse Hung, "Air Pollution Control Engineering",
Tokyo, 2004.
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5. David H.F. Liu, Bela G. Liptak, “Air Pollution”, Lweis Publishers, 2000.

6. Wayne T.Davis, “Air Pollution Engineering Manual”, John Wiley & Sons, Inc., 2000.

7. P.K.Behera ,S.K.Sahu,Environmental Monitoring and Analysis,Dominant publishers and
Distributors, New Delhi, 2009

8. Central Pollution Control Board, Guidelines for real time sampling and analysis , 2013.

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
Cco1 2 2 2 3 2 3
CO2 2 2 2 2 3 2
Cco3 3 2 2 2 2 2
CO4 2 3 3 3 2 3
CO5 2 2 3 2 3 2
Avg 2 2 2 2 2 2
* 1-low, 2-medium, 3-high
EN3252 INDUSTRIAL WASTEWATER POLLUTION - PREVENTION LTPC
AND CONTROL 3003
UNIT | INTRODUCTION 8

Industrial scenario in India — Industrial activity and Environment - Uses of Water by industry — Sources
and types of industrial wastewater - Characteristics of Industrial effluents — Nature and Origin of
Pollutants - Industrial wastewater and environmental impacts — Regulatory requirements for
treatment of industrial wastewater — Industrial waste survey — Industrial wastewater monitoring and
sampling - Generation rates, characterization and variables —Toxicity and Bioassay tests — Major
issues on water quality management.

UNIT Il INDUSTRIAL POLLUTION PREVENTION & WASTE MINIMISATION 8
Sources of Pollution — Effects of industrial effluents on sewers and Natural water Bodies — Impact
Assessment — Environmental Audit - Prevention vs Control of Industrial Pollution - Source Reduction
Techniques - Evaluation of Pollution Prevention Options - Waste Minimization — Cost benefit analysis
— Payback period — Implementing Pollution prevention programmes in industries.

UNIT 1 INDUSTRIAL WASTEWATER TREATMENT 10
Equalization and Neutralization — Oil Separation - Flotation - Precipitation - Aerobic and Anaerobic
Biological Treatment - Treatability studies - Air Stripping — Refractory organics removal by Absorption
- Nitrification and Denitrification - Phosphorous removal - Heavy metal removal - Sequencing Batch
Reactors - High Rate Reactors - Chemical Oxidation — Advanced Oxidation - Evaporation - lon
Exchange - Membrane Technologies - Advanced Treatment Methods.

UNIT IV WASTEWATER REUSE AND RESIDUAL MANAGEMENT 9
Individual and Common Effluent Treatment Plants - Joint treatment of industrial and domestic
wastewaters - Integrated Wastewater Management for Zero Effluent Discharge Systems —Disposal
of Effluent on Land — Wastewater irrigation system - Recycle and reuse of wastewater - Residual
Management - Thickening, Dewatering and Disposal of Sludge

UNIT V CASE STUDIES 10
Industrial Manufacturing process description, Wastewater Characteristics, Source reduction,
Treatment and disposal of highly polluting industries viz., Textile - Pulp and Paper — Tannery - Sugar
- Distillery - Dairy - Petroleum refinery - Electro plating.
TOTAL: 45 PERIODS
COURSE OUTCOME:
. On Completion of the course, the student is expected to be able to
CO1 Explain the source and types of industrial wastewater and their environmental impacts and
choose the regulatory laws pertaining to environmental protection
CO2 Identify industrial wastewater pollution and implement pollution prevention, waste minimization
in industries
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CO3 Develop various technologies for removal pollutants from industrial wastewater and design

wastewater treatment systems for industries

CO4 Audit and analyze environmental performance of industries to internal, external client,

regulatory bodies and design water reuse management techniques

CO5 Conduct research to develop effective management systems for industrial wastewater that are

technically sound, economically feasible and socially acceptable

REFERENCES:

1.
2.

3.

7.
8.

9

10.
11.

Athar Hussain, Sirajuddin Ahmed, “Advanced Treatment Techniques for Industrial Wastewater”,
IGI Global Publisher, 2018.

Shyam. R. Asolekar, Soli. J. Arceivala, “Waste water Treatment for pollution control and
reuse”, Tata Mcgraw Hill, 2007.

Frank Woodard, “Industrial Waste Treatment Handbook”, Butterworth Heinemann, New Delhi,
2001.

Paul L. Bishop, “Pollution Prevention: Fundamentals and Practice’, Mc-Graw Hill International,
Boston,2000.

"Industrial wastewater management, treatment & disposal, Water Environment" Federation
Alexandria Virginia, Third Edition, 2008.

Lawrance K. Wang, Yung Tse Hung, Howard H.Lo and Constantine Yapijakis “hand book of
Industrial and Hazardous waste Treatment”, Second Edition,2004.

Qasim S.R., Guang Zhu., “Wastewater Treatment and Reuse”, Volume 1& 2 2018.

Metcalf & Eddy, Inc., George Tchobanoglous, Franklin L. Burton and H. David Stensel,
Wastewater engineering, treatment and reuse, Fourth Edition, McGraw-Hill, 2017

Nelson Leonard Nemerow, “Industrial waste Treatment”, Elsevier,2007.

Wesley Eckenfelder W., “Industrial Water Pollution Control”, Second Edition, Mc Graw Hill, 2000.
Nemerow, N.I, Butterworth-Heinemann, “Theories of practice of Industrial Waste Treatment”,
2006.

CO-PO MAPPING

PO1 PO2 PO3 PO4 PO5 PO6
CO1 2 2 2 2 2 2
CO2 2 2 2 2 3 2
COo3 3 2 3 3 2 3
CO4 3 3 3 2 3 g
CO5 3 3 3 3 3 3
Avg 3 2 3 3 3 2
* 1-low, 2-medium, 3-high
EN3211 ENVIRONMENTAL AND PROCESSES MONITORING LABORATORY LTPC
0063
EXCERCISES
1. Coagulation and Flocculation
2. Batch studies on settling
3. Studies on Filtration- Characteristics of Filter media
4. Water softening
5.  Adsorption studies/Kinetics
6. Langelier Saturation Index and Silt Density Index- For Membrane Filtration
7. Kinetics of suspended growth process (activated sludge process)-and Sludge
volume Index
8. Sludge Filterability Test
9. Anaerobic Reactor systems / kinetics (Demonstration)
10. Advanced Oxidation Processes — (Photo catalysis)
11. Disinfection for Drinking water (Chlorination)
12.  Ambient Air Sampling-Determination of PM10, PM2.5, SO, and NO>
13. Noise Monitoring-Determination of Equivalent Noise Level
TOTAL: 90 PERIODS
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COURSE OUTCOME:

After the completion of the course the students will be able

CO1 Able to determine the removal / degradation of pollutants from water and wastewater and arrive
at kinetics

CO2 Able to determine ambient air quality of given study area in terms of Particulate and Gaseous
Pollutants

CO3 Able to Determine Equivalent Noise Level by noise monitoring

REFERENCES:

1. Metcalf & Eddy, Inc., George Tchobanoglous, Franklin L. Burton and H. David Stensel,
Wastewater engineering, treatment and reuse, Fourth Edition, McGraw-Hill, 2017

2. Lee, C.C. and Shundar Lin. "Handbook of Environmental Engineering Calculations", Mc Graw
Hill, New York, 1999.

3. AEESP Enviro