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Microbiology
Session 2026-27

Faculty of Science

Bachelor of Science (B.Sc.)
SUBJECT: INDUSTRIAL MICROBIOLOGY
- B.Sc. III Semester

. Paper- DSEI (Option 2)( B)

ENVIRONMENTAL MICROBIOLOGY AND BIOREMEDIATION

2026-27
Course Qutcomes

-. | CO. | Course Outcomes Cognitive
| No. Level
On completion of this course learners will able to: |
| CO1 | Define {Remember} the scope and importance of environmental microbiology and s R
’ bioremediation. .
CO 2 | Describe {Understand} microbial diversity in 50|I water, air, and extreme environments, U
including traditional Indian ecological concepts.
-CO 3 | Explain {Understand} microbial interactions and their role in biogeochemical cycles, integrating | A
Vrikshayurveda principles of nutrient recycling.
CO 4 | Identify {Remember} microbial indicators of pollution and traditional Indian water purification | Ap
methods. - i :
CO.5 | Demonstrate {Apply} laboratory techniques for isolation, characterization, and assessment of | C
" .| environmental microbes. - '
CO 6 | Compare {Analyze} traditional Indian ecological practices with modern scientific approachesto | E
| pollution control and waste management.
CO 7 | Design {Create} bioremediation strategies for local polluted sites usmg microbial approaches. Ap
" | CO 8 | Evaluate {Evaluate} the effectiveness of bioremediation techniques in industrial and commumty E
1 contexts.
CO 9 | Integrate {Create} Indian Knowledge System concepts (e g sacred groves, Chipko Movement) C
with modern environmental microbiology for sustainable solutions.
Credit and Marking Scheme |
- Marks
. Credits Internal External Total Marks )
Theory 3 30 70 100
Practical 1 30 70 100
Total 4 : 200
Evaluation Scheme
Marks
Internal External
Theory 3 Internal Exams of 15 Marks 1 External Exams
(Best 2 will be taken) (At the End of Semester)
Practical 1 External Exam
(At the End of Semester)

Lo
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- Department of Higher Education, Government of Madhya Pradesh

F Under Graduate Annual/Semester Pattern Syllabus
As recommended by Central Board of Studies and approved by the Governor of MP

/ rausy YéaI:'

_ Session
UG B.A./B.Sc./B.Com. II wef 2026-27
SYLLABUS: THEORY
Subject: Industrial Microbiology

L. Course Code LOSE-T (%-HM— 2)... (Not to be filled by CBOS)

2, Course Title Environmental Microbiology and Bioremediation
3. Course | DSE ~ 01 oHation -2

4. Course Type Type-3 7

To study this course a student must have studied the
5. Pre-Requisite (if any) subject Industrial Microbiology in B.Se. first year/

certificate course

6. | Learning Outcomes (LO) | After completing this course student will be able to:

¢ Define {Remember} the scope and importance of
environmental microbiology and bioremediation.

¢ Describe {Understand} microbial diversity in soil, water, air,
and extreme environments, including traditional Indian
ecological concepts,

* Explain {Understand} microbial interactions and their role in
biogeochemical cycles, integrating Vrikshayurveda principles
of nutrient recycling.

¢ Identify {Remember} microbial indicators of pollution and
traditional Indian watér purification methods.

* Demonstrate {Apply} laboratory techniques for isolation,
characterization, and assessment of environmental microbes.

* Compare {Analyze} traditional Indian ecological practices
with modern scientific approaches to pollution control and
waste management. -

* . Design {Create} bioremediation strategies for local polluted
sites using microbial approaches.

¢ Evaluate {Evaluate} the effectiveness of bioremediation
techniques in industrial and community contexts,

* Integrate {Create} Indian Knowledge System concepts (e.g.,
sacred groves, Chipko Movement) with modern environmental
microbiology for sustainable solutions.

' DSE(04)s et TTALHE)

7. Credit Value

" Date of CBOS: oovvvvvorrroer,
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Total Number of Lectures: L — 45 (To be

& ectiixesh)

I Soil Microbiology

. Cox}lposition and Microbial diversity in soil

« Estimation of soil microflora

» Microbial interactions: symbiosis, competition, mutualism,
commensalism

. Bl.ogeochemical cycles (carbon, nitrogen, sulfur, phosphorus), Role of
microbes in ecosystem functioning . '

. Inc_hggnous practices of nutrient recycling and ecological concepts (e.g.,
Vrikshayurveda principles of soil fertility, Prithvi Sukta in Atharvaveda,

Panchamahabhuta philosophy)

Keywm:d.s: migrobial diversity, soil microBiolo_gy; symbiosis, mutualism,
competition, nitrogen cycle, carbon cycle, sulfur cycle, phosphorus cycle,
Vrikshayurveda, nutrient recycling ecological balance, Panchamahabhuta.

I Water Microbiology 09
» Microbial diversity in fresh and marine water
» Water borne diseases. ’
o  Water purification.
« Treatment of waste-water- primary, secondary, advanced and final
treatments, solid processing. ‘
« Microbiological examination of water and waste-water.
« Eutrophication. - ‘ _
« Indian traditional water purification methods (e.g., use of kataka seeds,
copper vessels, sand filtration)
« Traditional Indian (e.g.,)
Keywords:. aquatic microbiology, air microbiology, extremophiles,
microbial indicators, traditional water purification, copper vessels, kataka
seeds.
09

I Air Microbiology

o Acromicroflora of different habitats.
e Air borne diseases

« Aeroallergens.

« Control of microorganisins in air.

« Microbiological analysis of air, types of air samplers.

o Biosafety level classification systems for industries: BSL-1, BSL-2,

BSL-3 and BSL-4

C} Scanned with OKEN Scanner



; Keywords: air poll
, coliform bacteria,

ution, water pollution, sgi] pollution, heavy metals,

——
IV Bioremediation ang Waste Management %
. Microbial indicators of pollution (coliformy, actinomycetes, fungi)
* Principles and types of bioremediation (in 'tu, ex situ) :
* Advances jn bioremediation: genetic enginfé;éring, biosensors,
nanobiotechnology, L.
* Microbial degradation of pesticides, plastics, hydrocarbons
* Solid waste management: composting, vermiculture, biofertilizers
* Ancient Indjan practices of waste recycling and sustainable living
(Charaka Sambita references to waste utilization) :
Keywords: in sity bioremediation, ex situ bioremediation, hydrocarbon
degradation, pesticide degradation, plastic biodegradation, composting,
vermiculture, Charakq Sambitq,
Y

Emerging Trends ang Indian Knowledge Integration 9

* Metagenomics: concept and applications
* Microbial enhanced oj] recovery .
* Role of microbes in climate change mitigation

* Extremophiles; types and applications for environmental
conservation

+ Indian Knowledge System: sacred groves, traditional conservation
practices, Chipko Movement as community-driven bioremediation,

Keywords: biosensors, nano’biotechnology, climate change mitigation, sacred

groves, Chipko Movement, microbial conservation, sustainable practices.

Activities | *  Field visit to local ccosystems (soil, pond, compost pits) to collect
microbial samples

¢ Group discussion on ancient Indian texts describing soil and water
purity , :

 Preparation of microbial diversity charts

+ Laboratory demonstration of nitrogen fixation using Rhizobijum cultures

e Case study analysis of traditional composting and panchagavya use in
agriculture _ o '

» Student presentations comparing modern biogeochemical cycle models
with ancient Indian farming practices

*  Water quality testing (BOD, COD, coliform count)

» Demonstration of traditional water purification methods alongside
modern techniques :

» Debate on “Traditional vs. Modern Approaches to Pollution Control”

» Hands-on composting and vermicomposting project

» Case study on microbial degradation of oil spills .

»  Group project: designing a bioremediation plan for a local polluted site

* Seminar on microbial solutions for climate change

 Student-led survey of local sacred groves or traditional conservation

sites | @/ 9’_/ ‘ %\I’
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< Preparation of posters integrating modern bioremediation with Indian
ecological wisdom .
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Suggested Readings: Textbooks, Reference Books, Other Resoure
Textbooks: i
1. Microbiology of Air, Water, Sewage & Bioremediation (B.St. Microbiology Series as per NEP 2020)
—Shiva C. Aithal _ ‘
2. Textbook of Environmental Biotechnology — K. Pavithran, J. Marshal, Jayalakshmi S., B. Yukesh
3. Environmental Microbiology — Maier, Pepper & Gerba ,
4. Bioremediation Principles — Vidali
5. Environmental Biotechnology - Alan Scragg
Reference Book: .
1. Sustainable Biorefinery: Biomass Solutions for Energy, Environment and Bioremediation — Springer
2. Applied and Environmental Microbiology (Journal) = ASM Journals (latest research articles)
3. Microbial Ecology — Atlas & Bartha
4. Environmental Pollution and Control — Peavy, Rowe & Tchobanoglous
5. Bioremediation and Sustainability — Springer
Other Resources: A , .
1. BIOMIS — National Biodiversity Portal (India) - citizen science, biodiversity registers, species data
2. Springer & Elsevier e-libraries — for advanced bioremediation and environmental microbiology research.

Suggestive digital platfornt web links:

SN | Topi 2

01 | Introduction to National Biodiversity Portal (India) hitps://indiabiodiversity.ore/ .
Environmenta] Springer e-library https:/link.springer.corn/ :
Microbiology = : ==

02 | Microbial Interactions .
& Biogeochemical BIOMIS (Biodiversity Information System) https://biomis.nic.in/ .
Cycles .

03 | Pollution & Microbial | CPCB (Central Pollution Control Board India) portal
Indicators https://cpeb.nic.in/ , WHO water quality resources

https://www. E_uo.ma\ﬁm:,m\w:i_.o_::n:?c__.Emﬁ-orm:n?m:a-
health/ ater-sanitation-and-health/water-safety-and-
‘quality/drinking-water-quality-euidelines

04 | Bioremediation & India’s Swachh Bharat Mission portal
Waste Management https://swachhbharatmission.ddws.gov.in/ , FAO composting
resources https://www.fao.org/4/vS5 1 0de/vS5104€05.htm

05 | Emerging Trends & Sacred Groves Database (India) hups://sacredearthtrust.in/sacred-
IKS Integration grove-forest-directory/ , Chipko Movement archives

hups://catalogue.archives.nebs.res.in/subjects/3 10 » UN Sustainable
Development Goals portal htps:/sdgs.un.org/goals

Suggested equivalent online courses .

*__SWAYAM Course: Applied Environmental Microblology (SWAYAM/NPTEL, IIT Roorkee)
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Environmental Biotechnology (SWAYAM)
Microbial Ecology and Biogeochemical Cycles (SWAYAM)
Waste Management and Bloremediation (SWAYAM)
Any other: Coursera/edX equivalents:
* Environmental Microbiology (University of Copenhagen, Coursera)
Bioremediation and Environmental Biotechnology (edX, Delft University of Technology).

e S e e T ey A e S S
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Internal Assessment (IE):

Continuous Comprehensive Evaluation (CCE): 30 Marks | Term-end Examination (EE): 70 Marks

Shall be based on allotted assignment & class-tests.

Time: 3 hours
The distribution of marks shall be as Jollows:

(A) First Test (Written-test) 10 Marks | Section (A): 05 MCQ or 05 x 02 =10 Marks
: very short question

(B) Second Test (Written-test) 10 Marks

(C) Third Test (Written-test) IT Marks | Section (B): FIVE short 05 x 04 = 20 Marks

questions with internal
choice (200 Words Each)

Fourth Test 10 Marks i
(D) R tesctioizi i y " [Section (C): FIVE long 05 x 08 =40 Marks
Assignment/etc... : questions with internal '
= - choice (500 Words Each)

Page -5
Date of CBOS: ........coserarsssisrrsses
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5 eI Hiaw & IR | 53 R R A & i O e F waie g
(CLO) A o qATEROT Y&H Sira FRAFAET (Environmental Mlcrobxology) iR =
39aR (Biorermediation) & W 3R Fgea S uRenie ST {A1G
W}l

o fHEE, 9, BEET 3 TRHA TR (extreme environments) q
e Rfear @ ala s (ween, S RaRe
e aIRTEATEE (ecological) 3raURund off enfAe &
o GEAGTA 3R (microbial interactions) 3R Ja-9-
qETfa® 9T (biogeochemical cycles) F 3aTehr sfReAT FI TISE
AT {FASTAT), TUT A W9F cfeal & YeTdshoT (nutrient
recycling) & 'FATIHE Rguidl w1 Thigd e '
o TEHUT & GEHSHAIT Hehelehl (microbial indicators) i IRURSH
AR STl YGfAeRoT Tefael T Igae R (A G|
o TR0l [EASEl & JHeEma (isolation), TRIOT i
(characterization) 3R Hedehet & AT SRASTRICT dehaiien] T Yl
T (T F
o FE¥OT T 3R dfie e & e syfE detes
eRewi & Fry SRR HRe RFEufas w3t fr gerr
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