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Estd.1917

qeqT fteqail{Tq
PATN.A. UNIVERSITY
NAr\C Accreclited B+ Grade

LettelNo. Acadl I e 7 O

To
I . The Prograrntne Director-cum-Principal,

Sell: fi nancing programmes,
Patna Science College, Patna lJniversity

2.. The Controller of Examinations,
Patna University

Subject:-Regarding approval of the syllabus under CBCS of semester II to VI of
B.Sc.(Hons.) in Environmental Science, a self-financing programme
leceived vicle the letter No.13781139 dated 1510612020 of the
Principal, Patna Science College-curn-Dean, Faculty of Science,
Patna University.

reference to the above-noted sr-rbject, I am directed
council vide its agenda noted below has taken

i

,t
Enclosures:- As above, copies of the approved syllabus.

Yours faithftilly,

erno No. Acaci/ l6 7 I

Dated: o l-l)_^)-1.,

Ager-rda AC 20.2.17

liesolution:- It'was resolvecl to approve the syllabus. i

Surbmitted fbr necessary action.

Sir',

with
the Academic
lesoliition:-

Copy fbrwarded to the lnchalge,

, Patna

Dated: ol* 1>-
Patna lJniversity Cornputer Centre

syllabus on the University website.

to inform that
the foliowing

t"F *1 
. ,.

!.

L-7o
for

'ff1n*

i-rploading this letter and the approved
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l)ate :15.06.2020

'l'o,

Thc i)cputy Itegistrar

Patna [Jnivcrsity

Patnit

Sub: Subnrission olthe syllzrbus of t).Sc.(l-lons.)in l:invironmental Scier"rcc

Sir,

'l'hc cou'rplete syllabus of il.Sc. (l-lons.) in Ll-rviror"rureutal Sciencc is

subrnittccl hcrcrvith ior ncccssary zlctiol.t.
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Phone lic: 0612"5453576, 6453577, Fax N0,0612-266515i
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D*rLr Lv I{.c-gisiial

Patnl [-Tnivcrsiiv

Patrra

SLrbject:Subnrission of Conrl;lete CBCS syllabus of B.Sc.

(SEN4- I, II, III, IV, V and VI).

L)lie : i2.()6)t)2\)

Environurental Scieiice tbr all scuester

. Sir,

Ple'asc frnd cncloseci a

202'2) unclcr C.B.C.S. systeni

c,:Ir)' rlf ccltttpletc s1'llair"ts ol B.Sc. Etrt'irotttttctttrl

lbr all senrestcr (SEN4- I, Il. lll, IV, V and \/l),
Science (20 I 9-

I

I

.!

Yi,.rrrs Faith tirlll'

Cor> rd inltor
Env ironnrcntll Scierrce

tl\"L.*l-
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n l"'^'

Dr'lllltlllletlt ( ) l' I-l()tlll1 _'
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Dated-03 0612A

Notification

A c,rnrnrittce is being constitutccl to tlrirrr-'ll.sc (ll) Environnr.:utal Sciencc Sl.llrrlrirs. unilcr
CRr-'S illttr'rlt. lhlnr St:tttester I to Serle-stcr'\'i. J'lrc nrcrnbels [rrc os trclitr'".-

1 . I'rofessor N{aheshu'ar Prasad Trivedi
Ileaci of the Departnrerrt of Botan1,. piirna Lirrir.ersity.. _ Conr enor

2. Prol'c'ssor N4eenakshi Sin_ch

IIead of tlte i)enartnrenl of Botanr,- patnl Scie.nce C'ollege.

3. Plofessor Reena lr,4ohauka

I-lead of the Depafiment of Biochemistry', patna Universitl,.

4. Prot'essor Birendra Prasad

Co-ordinator Biotechnology, Patna University.

5. Dr. Punam Ranjan

Assista,t Professor, Co-ordinator Enviroruuental Scie,ce
Patna Science College.

ir4cnrl;,,'r'

- N,lcnrber

It4emeber

N4enreber'

l'he Co-ordittator Etrvirottnteutal Science. is requested to frante the s1'llabls, co-orcli.ate rvith
tlte tttentbers and present it for approval on 12106120 at 1 PIr{, in the office clianrber of
The l'lead, Depafiment of Botany, Patna University.
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'l-rr5leI.Descriptiotrof coursesforB.Sc(llons)Enrirotrtrtcntal Scicnccdcgrceinthefacrrlti of ScicnceunderCBCS

"Yr,.&r--1,. ,1**^
o]e [Lo 2-o 

L t\cln

\-''"^'7'
-'4V'

Scnrcstcr Course/
Paper Code

Nrrture of Course/
Prtper

llrrrks II arks
of CL\

Ilrrrks of ESE Plssing
cri terio n

Qualifr ing
Criterio n

T P

F

2
'J7

BESC
CC- ()1 Ecology and

Ecosystems

100 JU -50 l0 -15% in CL\
.15920 in ESE

\{alks decide class/

CGPA

BESC
CC- 02

Environrnental
Pollution and
[Iuman Health

100 ,)u 50 20 45% in CIi\
45% in ESE

Marks decide class/
CGPA

BESC
GE.I Chern istry- 1

100 30 50 20 45% in CIA
,15% in ESE

QLrality'ing

BESC
..\ECC- I

English cornposition
100 l0 '70 .15% in CIA

45% in ESE
Qualifying

3
tll

2
,l]

BESC
CC- 03 Water and rvater

resoul'ces

100 l0 50 l0 45% in CL\
45% in ESE

llarks decide class/
CGPA

BESC
CC- O{

Land and soil
Conservation and

ll1an agement

100 30 50 20 459lo in CIA
'{59'o in ESE

Ir,Ialks decide class/
CGPA

I]OSC
GE- 2

Clierristry-2
100 30 50 20 4-5"26 in CIA

.15% in ESE
Qurlilyirrg

BESC
.-\ECC- 2

Computer
appl icati ons

100 30 70 45% in CIA
45% in ESE

Qualifll,ing

a
i-
U)t!
zt!a

BESC
CC. 05

Physics and

Chemistry of
Environnient

r00 30 50 20 -15% in CIA
45% in ESE

ivlarks decide class/
CGPA

I]ESC
CC. 06

En r.'ironrn ental

Biotechnolosy
100 30 50 20 459'o in CIA

45% in ESE
Marks decide class/
CGPA

BESC
CC- 07

Atmosphere and

Global Climatic
Change

100 30 50 20 15% in CIA
45% in ESE

NIarks decide class/
CGPA

BESC
GE- 3

Botrny 1 100 30 50 20 4s%
45%

n CIA
n ESE

Qualifying

BESC
SEC -I

\'lushroorn Culture r00 30 70 15%
45%

n CIA
n ESE

Qualiiying

-
2
'f.

BESC
CC- 8

Systcrnrtics and
Biegcographl,

100 30 50 :0 1596 in CIA
4-s?6 in ESE

\[arks decide clrss,'
CGPA

BESC
CC.9

Lirbau Ecosvstem l0c l0 50 t0 -15'fi, in CIA
459'i, in ESE

\{arks decide class'
CGPA

BESC
CC- I()

Enr ironnrental
Legislatiorr and

Ptrlicr'

10() j (,)
-i 

(J t0 -1-i"n in (1.\
l5'in ESE

\larks decide cless/
CGPA

BL,SC
CL,. J

Botanl 2 r00 -1 
(./ 5 (") t0 l5'li, in CI.'\

l5')i, in ESE
Qurlil.i ing

IIESC
SEC.2

Solid \Vaste

tr Ian l qc'nr etr t

r00 l0 70 -l59ir in CL\
-1-i96 in ESE

ilLnlil_r ing

S#,Y
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Senrester Cou rse/
aper Code

Nature of
Course/
Paper

l rks llarks
of CL\ II:trks oI ESE

Puss i ng

criterion
Qualil"r ing
Critcrion

T P

I
'-
U}

2
iiJ
V)

BESC
CC- I1

Biodiversity
and
conservati on

100 30 50 20 459', in CIA
45% in ESE

Marks decide class/
CGPA

I]ESC
CC- 12

Organismal
arrd

el'o lutiorrary
biology

100 JU 50 20 4-59'o in CIi\
45% in ESE

iv{arks decide class/
CGPA

BESC
DSE- I

Creen
Technology

100 i0 50 20 45% in CIA
45% in ESE

Nlarks decide class/

CGPA

BESC
DSE- 2

Environrlerrtal
Economics

100 30 50 20 459'" in CIA
45% in ESE

iVlalks decide class/

CGPA

Fagl
z
a

BESC
CC- 13

Earth and earth
surface
processes

100 30 50 20 45% in CIA
459lo in ESE

Marks decitle class/

CGPA

BESC
CC- lJ

Natural
resources
management &
sustainabi I ity

100 30 50 20 45% in CIA
45% in ESE

Marks decide class/
CGPA

BESC
DSE- 3

Environment
Impact and
Risk
Assessment

100 30 50 20 45% in CIA
45% in ESE

IUarks decide class/

CGPA

BESC
DSE. ]

Human
Wildlife
conflict and
Nlanagemerrt

100 30 50 20 45% in CIA
.15% in ESE

Marks decide ciass/
CCPA

'Q.,,.nrW

.-t
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CiC- CORE COURSE, DSE- DISCIPLINE SPECIFIC ELEC-I lVE, arlcl GE- Cliliri{'\1.
ELECTIYE, irll xre of 6 Credits caclr (Thcon'Crcdit- 5, Prircticirl Crcclit- l)

.-\ECC- AIIILITY ENIIANCE)lENT COllI'ULSORY COURSE ancl SEC- SKILL
ENIIANCEIIENT COURSE are of 4 Crcdit cach'

q'v.A.r"t

irl0tLo- c
Wttr' frffiv,,,tA!,-8.

til e,lLc

IJachelor in Environntentnl Science ([Ions) Plpcr Code BESCC
Courses/ Pa en ce

Yenr I
Senrcstcr I

Yenr I
Scmester 2

Yeirr 2

Senrcster I

Ye:rr2

Senrester 2

}'enr 3

Senrester I
Year 3

Sentester 2

CC- O1

Ecology and
Ecosy''stents

CC- 03
Water and rvirter
resources

CC- 05
Phlsics and
Chemistrl' oI
En'r'ironnrent

CC- 8

S1'stematics and
Biogeography

CC. II
Biodiversity' aud
co nservation

CC- 13

Earth and earth
surface processes

CC- 02

Enviro n rtrc it t:rl
Pollution ;rnd
[Iunrln Ilellth

cc- 0-t

Land irnd soil
Conscn'ittion :tutl
nrirnagcn)ent

CC- 06
Environntentnl
Biotec h no Iog1''

CC- 9

Urban Ecosl'stenr
CC- I2
Organisnrll irntl
Evolutionarl'
biolosv

cc- 1-l

Nirtur:rl resorlrccs
nltnitgenrctrt &
s u s t:r in rr bilitl'

GE- I
Cheur istry- 1

GE- 2

Chenristry-2
CC- 07
.\tnrosphere irnd
GIobnl Clinrttic
Change

CC- 10

Environnrental
Legislation and
Policy

DSE- I
Green Technology

DSE- 3

Elrvironntent
Intpirct and Risli
,\.s:;cssnrcnt

AECC- I
English composition

.\ECC- 2

Computer
applicati ons

GE- 3

Botany I
GE-.I
Botany 2

DSE- 2

Enviro n nr en tirl
Econonrics

DSE. J

IIunt:rn \\'ildiife
conflict:rnd
)Ian:rgcment

SEC.I
Mushroom
Culture

SEC -2
Solid Waste
ivlanagemeut
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Theory- 70 llarks

s
(End Semester Exanr: ESE)

S P:rrtA: All questions to be ansrvered

l. llultiple choice ty'pe. (l x 05 = 05 NIarks)

s 2. Fill in the blanks. (l x 05 = 05 l\Iarks)

.i Prrrt B: Short ansrver t)'Pe, ilny three to be lnsrveretl. (5.t3 = l5 illnrks)

Part C: Long ansrver t)'pe, ilny three to be :rnsrvered. (l5xJ =,15 llarks)

5 In each part, questions ivill be given preferably from all the Units.

\)'

3 > When Theory 50 Marks (mc.ntioned in Table l)

\',

ae 
(End Semester Exam: ESE)

PartA: All questions to be ansrvered

s 3. llultiple choice type. (1 x 05 = 05 l\Iarks)

Q 4. Fill in the blanks. (l x 05 = 05 l\Iarks)

Part B: Short ansrver type, any trvo to be ansrvered. (5x2 = 10 }Iarks)'{} 
Part C: Long ansrver type, any three to be ansrvered. (10x3 = 30 Nlarks)

O In each part, questions rr'ill be given preferably from all the Units.
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B.Sc (lI) Envirolrrttcntal Sciencc (CBCS pflttern)
SENTESTER _ I

CORE COUI1SE f)I - ECOLOGY.^\ND ECOSYSTENIS

Tlteorv (50 Lectures)

prcrr,rble: This palrer rr.ill introduce to the stuclents the bnsic Lrnderstancliilg of tr'cosystetn auclits

st*rctural a,6 functional aspects. It lvill explore the interconnecteclness anollg all the biotic andabiotic

cornpo,ents of euvirounelt a1cl the cll,nanric llature of the ccological prot:esses itimaintaining

equilibrium iu natltre.

I,'rirt 1: Irttrotl Ltction (4 lectures)

3

p

o
s

3
,.:,:J

.3
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Ur:it 2: Ecology of individuals (8 lectru'es)

Ecc,logical arirplitucle;Liebig's Lalv of thc Minirnuni; Sheliirrd'slarvol Tolerttnce: Prhenoiypic

plasticity; ..oiyp.r; 
-ecocllnes; 

acclimation; ecological nicire; types ofnichc: rticire breaclth;

i.,icirepaititiolingj niche clift'erentiation; thennoregulation; str:itegies of adaptatiort itt plants itrld

ruirnals.

Urrit 3: Ecology of populations ( l0 lcctLrres)

Corrcept of po'pulatiou^ ancl rneta-population; r- and K-selection; characteristics of poptrlation:densitY,

clisperiiol, iratality, profiality, iif. tu,bl.r, survivorship cLlrves, age structure; popttlationgrorvth:

geometric, exponeltial, logistic, density-clependent; lirnits to population grorvth;cletenlinistic and

iochastic .rodels of populalion dynamics; r-uclreal, competitive and stress-toleraucestrategies.

Unit -1: Ecology of conrmunities (10 lectures)

Com,runity siructure and organization:species associations, periodicity, bioniiis-s. statrility, keystone

species, ecotone aud eclg-e effect;species interactious: urutualisur, syrrrbiotic relatiottships,

coniutensalism,atuetrsalisttt, prOtO coOperation, preclatioti, couipctiticln, paraSitiSnl'

nriuricry,ccologicalsuccession: Primary onit Seconclary sttcccssiot't, N{odcl end types ol'

Sr-lccesiiol,climax coprilunity concepts, exatrlples of su,:cessiotr.

Iinit 5: Ecosl'stcrtr ccolog-"- (9 leclLirc:;)

Ty,1;cs of ecosy.stcm: forr.t. grassland. lantic.lotic, eustiiittc. iiiaritle, clc-set1. 
"','etlllilr-l:;: 

Ecosysteitl

stt.'ctLlre ancl fu,ctions: abiotic ald biotic cr)l'uponents ol ccosy'steur: ecosi'strrtrtirltctioti, prit-i]arl'

;rrotluctior-r ancl ntor-lels ol epergi, tlorr': seconciary prcc!uction and trophicctiicicrtcl'l ecosvstcnr

co.ucctions: Ibod chairr. tbocl u,ebl ecologicaleilicierrcies: gc6l[ogical py'ranrids: Piti:tt,icl t'['ltut.ttir..-r'

biortiass arttl ctt.'ruv.

il:l:;ic couce;lts ancl ciefinitions: ecology, iauclscaDe, habitat. (ic.);.oilc.s.

ccirsysteurs,ecosysteul stability, resistance anci resilienc':; aLttccolo-QY, syrcccrli:2,v; nlr.jr-'r

It ii,,lcs.

Ulrit (r: Biogcocht'iriicll cr clcs lncl tltttt'icllt cvcllng (5 lcctLrrcs)

Cur.bop cy,cle; nitrogcn c!cle:phosph,.-rt'tts ci'cle: srrlphtrr c\'(rl(l; irl'tlrologicrl c1'clc;

1irgclcls; Ecosl,stenr inpLrt ot'l"lutr:icnts ; Iiolc ol rtrycorrhizllc, Dccottil;osrtion aticl titttrictit

Unit'/: Biological itrvlsiotts (4 lectures)

Copcept of exotics ancl invasive; rratural spread versi"ls titlu-illduccd itri'lsiotrs;

olllvaclers; stages of inyasiou; nrcchanisurs of invasions; iuvasive pathrvays; itupacts

ecosystem ancl cotlurunities; cconott1ic costs of biological ittvasions.

biosplterc.
terrest ri l: i

rrl:iricnt c-lcle
rclerse.

cltarac tcristics
of itrvasiotlotr
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Practicals: Ilrscd on Tltcorv-

Suggcsted lleadings

1 crcrlit

1, Odum, E. P. ct Barrett, G. W. 2006. Fundamentals of Ecology (Cengage)'

2. Molles, I\1. C. Ecology. 2009, Iv{cCrarv Hill'
3. Beeby, A. Applied Ecology. Chapman and Hall.

4. Begon, N,1. Harper, J. L & Torvusettcl, C' R. 2006. Ecology (Blackrvell)'

5. Snrth R. L & Srnith, T. M. Ecology anclField Biology. Benjarnin Cutnurings/Addition \Vesley.

6. Loreau, M. &Ipchausti, P. 2002. Biodiversity and Ecosystem functiouing: Syntl,esis and

Perspectives.Oxflord University Press, Oxford, UI(
7. Dish, I\4. C. & S. P. Dash, Fundatrteutalof Ecolcrgy' Tata Mcgrarv HillP''rblication'
8. Pilreltcl. D, (Ed.).2011. tsiological invasious: Ecououric ancl eul'iroutlreutal costs ot'ali'r'
plant,aniural, aud uricrobe species. CRC Press'

9. Singh,.l. S., Singh, S. P. & Cupta, S.

Conservation.Anatnaya Publications.
10. Santra, S. C. 2010. Fundamentals of Ecology

i\gency.

R. 2006. Ecology, Ettvirotrtrettt arld Restitti'cc

ancl Etivironmental Biology, Nerv Ceutral Book

ry6h^n*,-pr d**
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B.Sc (H) Envirottmental Science (CBCS pattern)
SEI\IESTER - I

CORE COURSE 02: ENVIRONNIENT.\L POLLUTION.\ND HUNIAN HEALTII

Theory (50 Lectures)
Preanrble: This paper cleals rvith different aspects of enviror"unental contamination, *'hich have

adverse effects on human health. It rvill lay eniphasis on uticlerstanding mechanisurs of pollutants

impacting human health by developing an understanding of diff'erent types of pollutants, their sources

and mitigation tlteasures. The students rvill also be introduced to the concept of permissible limits.

Unit l: Air pollution(8 Iectures)
Ambient air quality: moniioring and standards (National Arnbient Air Quality Standarcls of Inclia): air
quality inclex; sources ancl types of pollutants (primary and seconclary); smog (case stLrtly); effects of
clitfbreni polh.rtants on hur.r'iau health (NO*, SO*, Pi\'\, CO, CO2. hyclrocarbous and VOCs) .iLtcl control

rlleasllres; incloor air pollr"rtion: sources and effects on human health.

Unit 2: Water pollution(8 Iectures)
Sonrces of surface and ground rvater pollution; rvater cluality paraureters and staudarcls; crganic rvaste

and rvater pollution; eutrophication; COD, BOD, DO; effect of rvater cotttaminants ou litttlalt health

(nitrate, fluoride, arsenic, chlorine, cadmiurn, urel'cllry, pesticides); u,'ater boue diseases; cuattcept and

rvorking of effluent treatment plants (ETPs).

Unit 3: Soil pollution(6 lcctures)
Causes of soil pollution and degradation; effect of soil pollution ou euviroument, vegetatiort atrd other

life forms; control strategies.

Unit 4: Noise pollution (5 lectures)
Noise poilution - sources; frequency, intensity and pennissible anibient noise ievels; effect on

corlmunication, impacts on life fonns and humans; controllneastlres.

Unit 5: Raclioactive and thermal pollution (6 lc'ctures)

Radioactive material and sources of radioactive pollution; effect of racliation on human hcaltli (sonratic

and gerretic effects); themal pollution and its effects, concept of raclioactive decay and half'-life period.

Unit 6: Xlrrrine pollution (5 lectures)
iV{ariLle resources and their inrpofiance; sollrces of titarine pollution; oil spill and its cl'f'.:cts; coral leefs

ald tfieir clentise; coastal arca utauagcureut: e.ristinu challenges aud uranageuteut techiriciLt,::i (1;lanning.

construction, ertl'iroutnental tnonitoring of coastaI zones).

(I 2 lccturcs)
Trickling Filters - oxiclation ponds. fluidizecl bccl reat:tors.

ETP sludgc lnauagel.nent: digcsters. up llou' attacrobic slud-se

seqrrcricinu batch rcactL)rs, hibrid ruacIors, [rio scrui:,1'ct's, bitl

Unit 7: Pollution control
Activatc-cl Sludge Process (ASP) -
menibrane bioreactor neutralization.
blankct reflctor, frxecl tllll rr-actors.

trickling ll lters.

Prircticals: Bascd on the thcory

Suggcstcd Reatlings

l. Curjar, 8.R., Ivlolina, L.T. &Ojha C.S,P. 2010.

Envirorrntental Intltctc'ts. CRC Press, Taylor & Frartcis.
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2. Hester, R.E. & Harrison, R.M. 1999.
Chemistry, UI(.

3. Park, K. 201 5. Purk's Textboctk o.f
B anarsidasBlianot Publishers.

Air Pollutiott crncl Health. The Royal Society of

Preveptive uttl Social t\[edicitre (23,0 edition).

4' Pepper, I'L., Gerba, C.P. .tBrttsseau, M.L. 2006. Eut,irottnteutcrl ctttrl pollutiott Scicttcc.
Elsevier Acaclernic Press,

Purohit, S.S. &Ranjan, R' 2007. Ecology, Entirottnrett & Polltfiiori. Agrobios publications,

Vesilirrd, P"I', Peirce, J.J', & weiner R.F. 1990. Etn,it"ortnrental pollrrtiort cttrcl Contrctl.
B uttenvorlh- Fleinemamr, USA.
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B.Sc (tI) Environmerttal Science (CBCS pattern)
SENIESTER - I

GENERIC ELECTIVES.I
GE 1- CHENIISTRY - 1

(TheorY 50 Lectures)

Unit I
Chemical Energetics

Larv of Thellodynalnics, Impoftant Principles ancl Definitions of thertrrochemistty, Concept ol

standard state and standardenthalpies of fonnation,lntegral and Differential enthalpies olsolution ancl

clilutio,, calculation of Bond E,ergy, bond ciissoc-iation energy a.cl resonance ellergy fi'o*i

themochemical clata, variation of enthaipy of a reaction ivith temperature - I(irchhoff s ecluatiott'

Statement of Third Iarv of Themio.tynamiis ancl calculation of absolute eutropies of srtbstances

Unit lI

Chemical Equilibrium . a,, -
Free energy change in a chemical reaction.Tliermoclynauric clerivation of the larv of cltemical

equilibriuur.Distictionbltrr."n A G and A Gu, Le Chatelier's Principle. Relationship bet$'eetr l(pr, I(c,

](x for reactious involving ideal gases'

Unit III

Ionic Equilibrium
Strong, Moderate and weak Electrolytes, Degre-e of lonization, Factors affecting Degree of

Ionization, Io,ization constant, and Ionic Produciof water, Ionization o[ u'eak acid and bases' pFI

scale, cornmon ion effect, Salt hydrolysis- calculation of hydrolysis constatlt, Degree of Hydrolysis

and pH for different salts,'Buffer solutlons, Solubility and solubility product of sparingly soluble salt-

Appiications of solubility product Principle'

Unit IV

Organic CltenristrY Basic
Basic principal in Organic Cheu-iistry,shape and Stntcture of Organic Cotrlpouttd, Tetra Valence o1'

Carbon, Hybriclisatiorisp3, Sp2, Sp, illassiilcation and Nourenclature olOrganic contpotturl'

Elenie,tary iclea o I electio, disltl ac e,re,t effects, Elect ronic ef tec t.

Functionai group approach for the follorving reactiot-ts

Unit V

Aromrtic IIvdrocarbon
preparatio. (clsc Benzene) lr.onr phenol, by Decarbrixylation, l)-onr Acctylatioli. ll'ottt Bcttzr:tre

sulplionic acid.
Reactio'rs (case Be,zene) - Elcnr.-ntrry iclea of slqcu'ophilic substitution, i\I.-chanistu ol nitralioti'

Haloge.ation, Sulphonation. Direct intluence of hyclroxyl, arnino, halogen and rritro groups, Fri"'clcl-

Craft,s reaction (alkylation and acylation) up to + .orbo,", ou benzene. sia" chain oxiclatio* of alkyl

benzeues upto 4 carbou ou bettzette'

Unit VI

n"--=' 
/ )// il./ ttt c)
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.\lcohol and Phcnols
preparation of 1o, 2o, 3o alcohols, using organic reagent, Ester hydrolysis, Reduction of aldehydes,

ketoles, car-boxylic acicl and esters, Reactions rvith sodium, Hx (Lucas test), Esterification , Oxidation

(ivith pCC, atk. firAnOa , acidic dichrourate, conc. HNOj). Opperteauer oxidatiorl Diols (Upto 6

carbons, Pinacol-Pinacolone rearrangements'
preparaiiol- Curnenehyclroperoxide methoci, fiorn diazonium salts. Reactions: Electroprhilic

subititutio6, Nitration, lialogenation ancl sulphouation. Reir-ner Tientauu Reactiotr, Catterttrarin Kocl'i's

Reactiop, Houben-Hoesch Condensation, Schotten- Baumanu Reactiou, Aldehydes atld Ketotles-

Geleral preparation Methocl, Propefiies, Reactions, Distiction betu,een aldehycle ancl Ketoues, Aldol

Coudensatiou, Baeyer's villegers oxidation

I Credit
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B.Sc (H) Environmental Science (CBCS pattern)
SEMESTER _ II

CORE COURSE 3: WATER AND WATER RESOURCBS

Theory (50 Lectures)

Preamble: The Paper introduces students to be the hydrological; cycle, properlies of rvater'

physicocherlical and biological water quality assessment and indices, types of rvater resources, their

tuse a,d management. It wil-l also highliglit the problems associated rvith r,vater shortages in India and

farniliarizes stirdents rvith case str-rdies on international and national conflicts on water'

Unit 1: Introduction (4 Lectures)

Sources and types of water; hydrotogical cycle; precipitation, runoff, infiltration, evaporation, evapo-

transpiraiton; ciassificatiorr of water resoLlrces (oceans, river, lakes and lvetlands)'

Unit 2: Properties of rvater (7 Lectures)
physical: tei-nperature, cololtr, odor, total dissolved solid arrd total suspended solids; chemical: major

inorganic and'organic constituents, dissolved gases, DO,COD, BOD, acidity and alkalinity, electrical

conjLrctivity, Biological: phytoplankton, phytobenthos, zooplaukton, macro-invertebrates and

microbes.

Unit 3: Surface ancl subsurface rvater (9 Lectures)

f nt,oO1.,.tion to surface and ground water; r.vater table; vertical distribLrtion of rvater; formation and

properlies of aquifers; techni-ques for ground r,vater recharge; river structure and patterns; watershed

andclrainage basins; rain rvater lrarvesting in urban setting'

unit 4: wetlancl ancl their management (8 Lectures)

Defi.itio1 of a rvetland; types oT wetlands (fresh rvater and marine): ecological significance of

rvetland; threats to r,vetland; ivetland conservation and management; Ramsar Convention;1971; major

rietlands of India.

.,
*;1

3

$
,i

\)

\,
,t
\,

,5

3
5

.J

3

'-1

3
-s

3

5
T
.z't\)

3

-J

'€

ttJ

Unit 5: Nlarine resource m:rnagement
Marine resoLlrces; commercial use of marine

marine ecosystem.

Unit 6: Water resources in India

(5 Lectures)
resolrrces; threats to marine ecosystems and resource;

(7 Lectures)

Derntrud for water (agricultLrre, industrial, dornestic); overllse and depletion of surface and

water resollrces; r.vater quality standards in India; role of state in lvater resollrce management'

ground

Unit 7: \Yater resources conflicts (6 Lectures)
Water resoLlrce and sharing problem, case studies on Kaveri and Krishna rvater disptttes; effects of
Dams and reservoirs.Case studies of dams- Narmada and Tehri dam- social and ecological losses verus

economic berrefits; international conflicts on rvater sharing betrveen India and her neighbours;

agreernents to resolve these conflicts.

Unit 8: NI:rjor luvs and treatics (J Lectures)

National rvaier policy; water pollution (control and prevention) Act 1972; National River Linking plan:

ecological and economic impacts.

l'rlctic:rl: Ilasecl on the theor\'. 1 Credit

Suggcstecl rcaclings-1. 
Bansi[, P.C. 2004. l,Ilctter Afcrncrgemenl in lnclio. Concept Publishing Cotrrpany, Irrdia,
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2. Brebbia, C.A. 2013. lVater Resources h[cutagenten t Z//, WIT Press.

3. CEA.20ll.lVuter Resources ctrtd Pox'er Mips of Inclia. Central Board of Inigation & Pou'er.

4. Crumbiue, R.E. &pandit, M.l(. 2013. Threats frorr India's Hirnalaya clams' Science 339: 36-

)1,
5, Loucks, D.p., Stedinger, J.R. & Haith, D.A. 1981 .lVctter Resources Systents Pluruittg cuttl

Anctlysis. Englervood Cliffs, NJ, Prentice Hall.

6. Mays, L.W. ,006. lroter Resotrrces Srrstcrinctbilily. The lvlcGrarv-Hill Putrlicaitons'

7. Schrvarcl.t Zhang,2OO3. Ftudamentcrls o.f Grotnrh'ster. Jobn Willey atid Sot'ts,

g. Souvorov, A.V. 1999. Marile Ecologonourics: The Ecologlt ctrtcl Ecotrrtrttics o.f lvluritte

Resotrrce Managemetrf. Elsevier Publicaitons.
g. Vickers, A.2001. Hcutclbook of ll/oter lJse crncl Consen'cttiorr. Water Plorv Press.
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' SEMESTER - II
COIIE COURSE .l: LAND AND SOIL CONSERVATION AND I\IANAGEIUENT

Theory (50 Lectures)
preamble: The Paper introduces students to be the fundarnental of land soil degradation..Each unit

covers a range of topics, rvhich r.vill help students develop basic understandirrg of properlies of soiland

horv the quality and soil degrades due to attthropogenic activities.

Unit 1: Introclttctiott (5 Lectures)

Land as a resource, soil health; ecologicaI and eccinomic impoftance of soil; types and causes of soil

clegradatiol; impact of soil loss arrd soil degradation on agriculture and food security; need for soil

conservatiotr and restoration of soil fertility.

LInit 2: Funclantentals of soil science (10 Lectures)

Soil fbrmation; classification of soil: soil architecture; physical properties of soil; soil texturel soil

rvater holding capacity; soil temperature; soil cotloids; soil acidity and alkalinity; soil salinity and

sodicity; soil organic matter; nricronutrients of soil; nitrogen, sulphur, potassitlm and phosphorus

economy of soil; soil biodiversity;

Unit 3: Soil clegradation - causes (8 Lectures)

Soil resistance and resilience; nature and types of soil erosiotl; norr-erosive and erosive soil

degradation; losses of soil moisture and its regulation; nutrient depletion; soil pollution due to mining

and mineral extraction, organic contaminants in soils; recycling of soil nutrients.

Unit 4: Lancluse changes and land degradation (10 I'ectures)

Land resources types and evaluation; biological and physical phenorriena in land degradation; visual

irrclicators of land degradation; drivers of land degradation - deforestatiorr. desertification; land

sal irr ization ; soeio-econom ic and i rrstitrrti onal factors.

(15 Lectures)LTnit 5: Costs of land degradation
Economic valuatiol of land degradation: onsite and offsite costs of land degradation; loss fo ecosystenr

service; effects on farming communities; eff'ects on fbod secr,rrity; effects on nutrient cycles; future

eflects of soil degradation; emergiug threats of land degradation to developing countries.

Unit 6: Controlling land degradntion (2 Lectures)
Sgstainable land use plarrrrirrgl land tenure and land policy; legal. instittrtional and sociologicaI factors

Practical: Based on the theory/fieldtvorli.

Suggested Reaclings
L BLady, N.C, & Well, R.R. 2007. The Nqture

Educatiorr Inc.

I Credit

ancl Propertie.r of Soi/s (l3tl' edition), Pearson

of endernic

2. Gadgil, M. 1993. Biodiversity and India's degraded lands. Ambio22: 167-172.

3. Jolrnsorr. D.L,2006. Lttncl Degroclatiotr (2nu edition). Roivtran & Littlefield Prrblisliers.

4. Marslr, W.M. & Dozier, J. 1983. Lcmtlscape Plcrnning; Environmertlal Applicallors. John

\\'iley and Sons.

5. Olclenran, L.R. 1994. The global extent of soit degradation. Soil re.silience andsustainable land

IA
I

rr.se,9.(http://librarv.r.vLrr.nl/isric/fulltext/isricu-i26803-001. pd0.

6. Panclit. M.K. et. a\.2007. Unreported yet massive deforestation driving loss

biodiversity in Indiatt Himalaya' Biodiversi\t Consettqtionl6:153- I 63'

-ii-f,{ Fi/--
t r li, l-,--,

rfr**''
- 1zl6, lzc l/V^'' =--€

7)/a;7",/t,t

,



\i

5

al

\t
j.

\,

$
Ll

J

Q.

"r)

it
i,$
I

i {t)
i

tS
\il
I

io
I

IJ

l,J
Irii
I

l

i'.+

p

c
a
J
J
d}

o
:l
,e

-\
j,:

7. Parrdit, M.K. & Kumar, V,2013. Land use and conseryation challenges in Himalaya: Past,

present and future. In: Sodhi, N.S., Gibson, L. & Ra\,en, P.H. Consen'otiott Biolog,: L'oices

fi'om the tropics. PP. 123-133. Wiley-Blackrvell, Oxford UK
(flle:///Users/mkpandit/Dorvnloads/Raven%20et%20aI.%202013.%20C8%Voices%20from%2
0Trooic%20(2).udfl.
Peterson, G. D., Curnming, G.S. & Carpenter, S.R. 2003. Scenario planning: a tool for
conseryation iu an uttcefiain rvorld. Consen'riion Biologlt 17:35S-366.

Scher, S.J. 1999. Soil degradation; A threat to derelcryting-coutttt'v.food secrrritlt b1, 2020?

(Vol. 27). Intemational Food Policy Research h.rstitute.

8.

9.
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Unit I

l.

2.

B.Sc (lI) Environnrcntal Scicnce (CBCS pattcrn)
SENIESTER. II

CENERIC ELECTIVES-2
GE 2- CHENIISTII.Y - 2

(Theory 50 Lcctures)

Chemical Kinetics: rate of Reactiou, Order ancl ivlolecr-rlarity of reaction, First and Seconcl
Order Reactiot-ts, Detennination of tlie order of reaction, The effect of temperature on reaction
rates, Euergy of Activation.
Electrochemistry: Conductauce ol electrolytes, Weak and Strong electrolytes, Sper:ific
concluctance, Ecluilvalent coucluctance and Molecular Conductance, their experintental
detenniuatioti, Variation of Concluctance rvith Dilution, Osti.vald's Dilutioti larv. -srrlubility
Principal, Application of Solubility product, Concept in Precipitation Reaction. Hydrolysis of
Salts, Acids ancl bases (Bronsted Lolry and Lervis), pH and Buft'er solutions, Comrnon Ion
Effect.
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Unit II

3. Electrochcuric:rl Cell: Reversible aucl lrreversible electrocle ancl cell potential,Origin ol'
electrode potential, Concentratiou cells, E.M.F of Cocentration cell rvithoiit transference,
Application of E.M.F rreasuremelits for the detennination of solubility prodr-rct of sparingly
soluble salts and valency of ions.

4. Radioactivity: Alpha, Beta and Garurna rays, Isotopes, isobars and Isotones, Group
displacernent larv, Induced Radioactivity, Balancing of Nuclear Reaction, Flalf life, Average
life, radioactive series, Radio Carbon Dating.

Unit III

5. Isomerisur: Stntctural and Sterioisoniedsrl.Geometrical and Optical Isomerisur
6. Hy'droxyacids: Lactic acid, tarlaric acid, Citric Acicl (lsolation, Syrtliesis, Propefties,

Constitution, Sylmetry, Resolution of Racemic compouncls).

Unit IV

1. Carbohl'drates: Classification, Nourenclature, Structure ol ,qlucose and tiuctose. Concept ol
open chain structure and urc'ntion the ring structure (derivation of ring structure not requirecl).
elementary idea about configuration.
Benzene and its monosubstitutecl products: Toluene. Nitrobcnzer:e. Aniline. Benzene
cliazoniunr chloride, Phenol, Benzaldehyde. Benzenesullthonic acid. benzoic acid (prcparatiorr
properlies ancl uses). The reaction iuvolr,cd in the study of Perkin, Cannizzaro, I(olbe, Reirlcr
Tic'nranir. Sanclnreyer reactiou

8.

Unit V

9, IIodcnr Pcriodic table and its Propcrtics.
10. Gencral Chentistry of the d-block clcnrent (special

Configuration, Oxidation State, Atontic and Ionic Radius,
reference to 3 d): Electronic
IMagnetic Prope-r1ies, Stanrlard

/ -----'- 9g.^+/-- r{oo ^o.-tr/ry4r- 
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clcctrotlc llolctrtial, Icrtlisatiort cttergics, Varilrble r ulcncy ancl C'oloLrr-crl conrppr-r1tls, Corn,lc;<
lbnnation ancl Cataly tic propcrtics.

Unit \rI

1l' coortlinrttiott colttpottlttl: Double salts ancl cooruliuation comiroLrud, Nonrenclature syste,ratic
allllroach to coorditlation cornpound *'ith relcreucc to cobalt au.riucs, Weprer's t6coty.
Elenlentary idea of Isoltterisrtt, Sidgu'ick thcory of effective atopric pulrber. Iclea tlf r,al:i*ce
bond thcory.

l2' Thc Cltcltristry of individrutl elenrcnts aucl thcir compouncls: .\ part fi.o,r t5e as1;cet
utctttiottccl belo$': the stuclies of thc- eletlent nrust be ,l*l ,r,ith ret-er,:rce to (i) clectroiric
coufiguration, (ii) Acicl base character. (iii) General Chentical rcactions of the elcnrur.lt irntltlteir cotllllouncls, (ir') tests tbr ions atid raclicals iirnnet.l by the elcnrc.r.rl.s ancl thcir co,rpor.rrrl:;
(r') shapes aucl structure of the col'alcut courpouncl fbunecl by the clcprents.

?r,^o*r1t ("n*. fff<;,o
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Unit l.Computer Fttnclantcntal

B.Sc (FI) Eltvirottrttental Science (CBCS pattcrn)
SE}IESTER_ II

.\BILITY ENHANCENIENT CONIPULSORY COURSE- 2

AECC. 2 CONIPUTER APPLIC.\TIONS
('10 Lccttrres)

(-l Lccttrrcs)

elvironrnental scielce, Cornparison betrveen computer and hutlan braiu, Characteristics of

computer, lntroduction to Cornputer Applicatio

,pro.essilg unil, Output unit, Storage unit, Types of Couputer, Introductiou to Nlicroprocessor,

Uni-processor and multiprocessor systetl

Unit 2. Concept of Data and Programming:

Binary conversion.

Common application software in Biology'

Urri t 3.Operating S1'stcnr:.t lt4rat is Oieruting System and its fuuction, Introduction to various categories of softrvare,

Interactiol 
-of 

operating system rvith hardrvare and user program, Process states.

and facilities for multiprocessing environment'

(6 Lectures)
Decimal and Decimal tr-r

Softrvare and its tYPes,

(10 Lcctttres)

Unit 4. Database N{anagement System: (1.0 Lectures)

I,troduction to MS Excel, MS_Word, Porvetpoirrt , editing of irnage /pictures.

Unit 5. Netrvork and Intcrnct Technology (10 Lccttrrcs)

Courmunication Iv{ocles

/ Introduction to network and its types , Netrvork devices, Net$'ork Topology .

r Introcluction to Web bro,nvsing rtftrr'rr. auci search engiue lvith special ref'erence to online

euvironutental resources

(10 Lccttrrcs)

a-e r\n-

tLl blTr

Introcluction

1
:,J
I

iD

c
,,

a

\

h,.q---*[-/t
(21 d"{ 2.:-o

w6n o-pW

.\-'



.i.?

4J

3

\.T

KA
\]}

G,-\,

s
s
(-.

-+.\)'

B. s c ( tl ) E nr, i ro n me;tii.ri.f c; ( c B c s p a tt c r n )

CORE COURSE 5: PIIYSIiS AND CHENIISTR}'OF EN\/IRONNIENl-

Theon'(50 Lecturcs)

Prcarnble: This paper aitns to builcl conceptual unclerstanding of str,rcleuts by exposing thent to
thebasic principles behind various environmental processes. The paper has beer-r divided ir-rto tu,o
sectiot.ts, rvitli the vierv to introcluce students to the concepts of physics ancl chentistry associatecl ri,itlr
parlicle lrlovemeut, chemical processes and pollutant cher-nistry.

unit 1: Nlovement of pollutants in environment (8 lectures)
Diffusion ancl dispersiou, point and area source pollutants, pollutant dispersal; Caussian pl';rne rnodel,
tnixing heights, hydraulic potential, turbulence.lons ancl raclicals in atmosphere; acid-base reactions in
atmosphere.

Unit 2: Fundamentals of environmental chemistry (10 lecturcs)
Basic concepts of organic cheuiistry, hyclrocarbons, aliphatic ancl aromatic compouncls, synthesis of'
xenobiotic conrpounds like pesticides ancl clyes, syrthetic polynrers.

Unit 3: Atmospheric chemistry(10 lecturcs)
Cornposition of atrnosphere; photochemical reactions in atrnosphere; smog fomration, types of surog
(sulphur smog and photochernical smog), aerosols; chemistry of acid rain, case studies; reactions of
NOz and SO2; free radicals and ozone layer depletion, role of CFCs in ozone depletion,

Unit 4: \Yater chemistry (10 lectures)
Chemical and physical properties of rvater; alkalinity and acidity of rvater, hardness of rvater,
calculation of total hardness; solubility of metals, complex fonnation and chelation; colloidal pafiicles;
heavy metals in r.vater.

Unit 5: Soil chcnristry (12 lcctures)
Soil composition; relation betrveen organic carbon and organic matter, inorgauic and orgauic
components in soil; soil humus; catiou ancl anion exchange reactions in soil; uitrogen, phospliorus aurl
potassium in soil; phenolic compounds in soil.
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Practicals: Based on the theorr'.

Suggcsted Readings

1 Credit

L Beard. J.14. 2013. Ern'irontttcntcrl Chenri.stt-:., itr Soc,iat-t, (2'c eclition). CRC Prcss.
2. Forinash, K. 201 0. Fotrttdatiotr o.f' Etn'irottrttentul Plnsics. lslancl Press.
3. Girard, J.2013. Principles of Ett'it'ortnterrtul ChennstrT (3'd eclition). Jones & Barllett.
4. Hamung, S.E. & Jolnson, IVI.S. 2012. Chenistty cuul the Etn,irortnrenr. Cantbriclge University

Press.

5. Hites, R.A. 2012. Elemetrts of Enfirotrntetttcrl Chenristty (2nd edition). Wiley & Sons.
6. Mattlan, S. E. 2000. Ftrrttlontentuls of Etn,irortnretttul Chenistty. CRC Press.

Pani, B. 2007. Textbook o.f Etn'it'otrmerttul Cltenti.stty.lK international Publishing I{or-rse.

:- -";l;r'- 4'iff'- W" QgW-e ,h.,



arJT
{. .

'?

\,

3 ?

\,

S
€..\,

rs

s

\)

B.Sc (l{) Environmental Science (CBCS pattern)
SENIESTER _ III

CORE COURSE 6: ENVIRONNIENTAL BIOTECHNOLOGY

TheorY (50 Lcctures)

prcanrble: This paper presents an objective vierv of the application of biotechnological knorv-horvs

intackli,g environmental problerns. It stafts rvith basic klor.vledge about rnolecular biology arld later

links to application based processes and tecturiques'

Unit 1: The Structure and Fttnctiotl of Nucleic acitl

DNA: strr,rcture; DNA Replication, ouly eletnentary iclea: basic

RNA: strr-rcture; RNA Transcription, only eletnentary idea: basic

(i 0 !ccturcs)

Unit 2: Protein ancl Central Dogma (10 lcctures)

protein: structure; Proteiu Synihesis/Translation, otrly elemeutary iclea: basic, Central clogma of

biology.

Unit 3: Rcconrbinant DNA Tcchrlology (12 lecttrrcs)

Reco*rbilalt DNA; enzylnes for manipulation of DNA: restriction erlzyrres, polylerases (DNA/RNA

polylerases, tralsierase, reversetranscriptase), other DNA modifying elzyres (ni;cleases, ligase,

phosphatases, polynucleotide kinase); Cloning aud expression vectors: plasmids.

Unit 4: Ecological restoration and bioremediation (10 lectures)

Land farming, prepared beds, biopiles, composting, bioventing, biosparging, pump and treat method,

constructed nu.ilund., use of bioreactors for bioremediation; phytorernediation'

Unit 5: Ecologically safe prorlucts ancl processes (8 lcctr:res)

pGpR bacteria: introduciion of bioferlilizers, microbial insecticides and pesticiiles, n-ricrobial

transfonlatiol, accurnulation ancl concentration of metals, metal leaching, extraction.

l.

2.

4.

5.

6.

7.

8.
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Practicals: Brrsecl on tlte thcorv.

Suggestcd Rcrditrgs

1 Credit

EVans. G.G. & Furlong..l. 2010. Etn'irotrnrertlul Biotec'lrnolr.tgl'; Tltertt-t'crttd.414tlic'trtitttt ()"d

edition). Wiley-Blackivell Publications.

Jorclenirig. U.j. & Winter J. 2005. Ertvit'outttctttcrl Biotechnolog.t': Cr.tnc'ept.s trttd .11;plicrtlirttr.t.

John Wiley& Sorts.

Lodisli. I-t.F., Baltintore. D.. Berk, A. Zipursky, S.L. lrlatsudiarr. P. & Darncll. -1. 199-5'

i\lolcurltrr Cell BiologlL. W'H. Freeuran.

Nelsor-r, D.L. & Cox,lvl.lvI. 2013. Lehniltger's Principles oJ'Bioc'hcnti.t1/1,. W.FI. Freetnatr.

Rittrran, B.E. & McCarly, P.L. 2001. Etnironntetttctl Biotechnologtt. Pritrciple.s

andAppl icatiors. McGrarv-Hill, Nerv York.

Scagg, A.l-1. 2005. Eny,ironnretrtTl Biotechttology. Oxlord UniVersity Pt'ess.

Snriira, D,P. & Simurotls, N4.J. 20ll. Principles o.f Genctics (6'h edition). John Wiley& Sons'

Wainrvright, M. 1999. An Introducliott to Etn'irottnrcntul Biotechnolctgl'. Springer'
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B.Sc (H) Environnrental Science (CBCS pattern)

coRE couRSE 7: ArNlos$fiffiT^fi-Jltuo, cLINTATE c]TANGE

Theory (50 Lectures)

Preamble: The paper deals 
"vith 

dynamics of atmospheric processes, ri,hich inclucle its
composition,meteorological phenomerra and atrnospheric cliernistry. The paper also highlights t6e
anthropogenic iutervention iu 'anthropocene', rvhich has led to global clirnate change. Th- pfer also
explores effects of global changes on human comrnunities and initiatives takep at giobal ani iegional
levels to combat them.

Unit 1: Introduction (10 lecturcs)
Evolution and development of Ea(h's atmosphere; strl.rcture ancl composition of atptosphere.Earlh's
erlel'gy balance; energy transfers in atmosphere; global conveyor belt.

Unit 2: Atmospheric circulation (l0lectures)
lvlovetnent of air masses; atmosphere and climate; air aud sea interaction; southem oscillation; ri,esterir
disturbances; El Nino and Lc1 Nincr; tropical cyclone; Indian rnorlsoorl and its developlrelt, chaugilg
lllollsooll in.Holocene in the Indian subcontinent; effect of ur"banization on micro climate.

Unit 3: illeteorology ancl irtmospheric stabilitl'(10 Icctures)
lvleteorological parameters (temperature, relative humidity, rvind speecl ald direction, precipitatiol);
atunospheric stability and rnixing heights; temperature inversion.

Unit 4: Global rvarming and climate change (10 lectures)
Eafth's climate through ages; trends of global rvanning and clirnate change; Global waming and the
role of green housegases (GHGs) in climate change.ozone layer or ozone shielcl; importance of ozo,e
layer; ozone layer depletion and causes.

Unit 5: Clirnate change and policy(l0 Icctures)
Environmental policy debate; Intemational agreements; Montreal protocol 1987; K1,oto protocol 1997:
Conventioit on Climate Change; carbon credit and carbon trading; clean developnent uieclianisn.

Practicals: Based on the thcorl'.

Suggcsted Readings:

I Crcdit

J.

4.

5,

6.

7.

8.

Barry, R. G. 2003. .4tnrospltere, u/eather qttcl Clintctte. Routlc-clge press. UK.
Gillespie. A. 2006. Clinrute Chunge, O:one Depleti,:trt cttrd .Lir Pollrttiott; l,egul
Crtntnterrturie.nith Pr.,lic'r; cuttl Sc'ienc'e Cotr.vitlcrcrtir.,l.r. NlarlinusN4hclflPublishers.
Hardy, J.T.2003. Climct/e Chottge; Cutr.se.s, E//'ac't.s untl Sctlrrtion.s..lohl \\iilcy & So6s.
Harv'e1', D. 2000. Clinuta uttd Glolsol Clirtruta Chu,gc. prentice Hall.
lvlatrahatt, S.E. 2010. Ent'irortrtrerttttl Cltentistnt. CRC Ptess, Taylor aucl Fr':urcis Croup.
N1aslirt, NL.2014. Climqte Chtntge; ,1 Very Short htrotltrctiott. Oxforcl Publiclrtions.
Matlrez, E.A. 2009. Climote Chcmge; The Science of Gtobal lYctrnting crtrcl otrr Energ,,, Futtrre.
Colunibia University Press.
Mitra, A.P., Shamra, S., Bhattacharya, S., Garg, A., Devotta, S. &Sen. K. 2004.
ClinruteChttttge uncl htlia. Universities Press, h:dir.
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B.Sc (tI) Ertvironnrcntal Scicnce (CBCS pattcrn)
SEilIESTER _ III

GENEITIC ELECTIVES- 3 (Senr III)
GE-3: BOTtu\TY-1

UNIT I
NlicrobiologY:
Five kingclolll system of classification
Vimses - A general account.

Bacteria - Strttctttre, Gror'vth and Reprocluction'

Economic itlpotlauce of viruses ancl bacteria'

'theorl'(S0 Lcctures)

(l0Lecture s)

UNIT II
Alg:re: (l0lecttrres)

General character, classification anci econornic iurpofiance. Life histories of algae belongirrg to various

classes:

Chloroplryc eae - VolYor,

Xanthophyc ?ae -Vu u c h e ri a

Phaeoplryce.ae- E c t o c tt t'1s t t s

Rhodophyce ae- P o lY's i 1t h orti a

T.INIT III
Fungi: (l0lectures)

Gene-ral characters, classification ct, economic irnporlance. Life histories of Fungi:

Mastigomycontina- Phy t oplttho ra
Zygornycotina-Mucor
Asc ornyc oti na'S o c c h a r o il lY c e s

B as i dorn yc o trna- A g a r i c u s

Deutromyco tin a- C o I I e t o t r i c h u r t t

UNIT IV (lolect,rcs)Lichens:
Classi fi catiott, gelleral structure, reprocl trction attd ecouot.uic itrtpo rtance'

Plapt cliseases: Casual orgauistl, sytriptotns and cotitrol of tbllou ing plantdiseascs'

Rust oflVireat
White rust ofCrucif'ers
Late blight of Potato

UNIT Y
Br1'oph1'tes (loLectrtrcs)

Ceneral characters, classiflcation & econoutic itrtpofiattce.Lif,e histor-ies of fbllou'ing:

] [a rclt crttt i a, Ft r rr tr t'i ct.

Practicals: Bascd on ThcorY-

PRACTIC.\LS
l. Granl stairting
2. Cornparative study of thallus and

I crcdit

I reproductirre orgalls of variotts algae metrtionccl

d i';t,, " \yk,# &-:: k:,r*
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SET\IESTER_III --#-- \

. sEC- I NIIISHROONI CULTUiTE (Sem III) t\-=--

(-l Lectures)
r niedicinal value oi'edible tnushroonts; Poisonous r.r-rushroor.ns.Types of eclible

irr Inclia - llolvurielltn'olvuccu, Plcttt'ctttr.sc'itrittopilattttrs,,-lguricLt.tbis:1tot'it.s.

J
I ,<:'d-t-s

=tff
Unit 1: Introdtrctiotl
History. Nutritional afid

muslrroours available i

(J0 Lectures)

o
3
-3

Unit 2: Cultivation Technology I (10 Lectures)

\, ,,
nrushroom unit (Thatchecl house) rvater spra;'er. tray, small polythene bag.

$ Llnit 3: Cultivation Technolog;- II (10 Lccturcs)
Pure culture metho'd: Mediurn, sterilization, preparatiou of spalvn, mr-rltiplication. lvlushroom becl

preparatiots{actors a\cting the mushroour bed preparation, composting technology in mustu'oom
production. -\ \*.,.*,,., 

\. i,

Unit 4: Storage and nritrithdr (10 Lectures)
Short-tenn and Long term sto\Ge* clrying, storage in saltsolr.rtions.Nutritional components.Viatmins
anclmineral eleueuts nutritiott. \]i :-# -'--..\" 1,

Unit 5: Food Preparation \.. (6 lectures) - '." - - r-,

Types of foods prepared from mushroo\ jesearch Centres - National level\nd Regiqlal level. Cost
benefit ratio in food processing - Marketin\h India and abroad, Export Value,\ '\

Suggested Readings - 
\'." 

tt''''.. - - -lr,
\ \'r, \

f.Ivlarimuthu, T. Krishnarnoorthy, A.S. Sivapraka\rco, K and Jayarajen. n (t991!^--;- 
--.Oyster Muskooms, Depafiment of Plant Pathology,\l Ntdut'glic@{ ", 
-:\

University, Coimbatore .r \ ) -

2. Srvarniuathan, M. (1990) Food and Nutrition. Bappco, TIiE Bangalore Printin.qind!1
Prrb1ishirrgCo'Ltcl.,No.ss,MysoreRoacl,Bangalore-5600&}--T
3. Tervari, Pankaj Kapoor, S.C., (1988). Musliroom cultivat'iOll, iv{ftal Publications, "'

4.NitaBahl(1984-1988)Handbookof Nlushrooms, IIEd'itiort.Vol. I&Vol. n'.+-_- 
\
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B.Sc (H) Environmcntal Sciencc (CBCS pattcrn)
SENIESTER - IV

CORE COURSE 8: SYSTENI.\TICS .\ND BIOGEOGR.\PHY

Theory (50 Lccturcs)

Prermblc: This course tvill cliscuss principles ancl applications of classical ancl urodern claysystenratics
to classiflcation of living organistrs, develop understanding of historical ancl conternporary pattems of
distributions of organisms, ancl clesign effective conservation strategies using biogeograpl',ic theories in
an era of global change and large scale human induced degradation

Unit 1: Concept and systematics ai:proaches(10 lecturcs)
Definition of systematics; taxononric identification; keys; fielcl iuventory; herbariurl; n.,uscrriu;
botanical gardens, numerical and molecular niethods; taxonomy databases.

Unit 2: Taxonomic hierarchy (6 lccturcs)
Notlenclature; Coircept of taxa, concept of species, categories and taxonomic hierarchy.

Unit 3 : Nonrcnclatt,re andsl'rtenretics(10 lectures)
Principles aucl rules (lnternational Code of Botariical and Zoological Nomenclature.Characters:
variations; pliylogenetic tree (rootecl,unrooted, ultrauietric trees); clacles: nionophyly, pirraphyly,
polyphyly; hourology and analogy; parallelism and convergence.

Unit 4: Introduction to Biogeography (8 Iccturcs)
Genes as unit of evolutionary change ; mutatioir; genetic drift; gene florv; natulal selection; geographic
and ecological variation; biogeographical reahrs and their fauna; enclernic, rare, exotic, and
cosmopolitan species.

I-lnit 5: Speciation and extinction (8 lectures)
Types and processes of speciation - allopatric, parapatdc, syrnpatric; ecological diversification;
adaptive radiation, convergent ancl parallel evolution; clispersal and inrmigratiou: rneans of clispersal
and bariers to dispersal; extinction.
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Unit 6: Ecological Biogcography
Species' habitats; euvironment ancl niche concepts;
species-area rclationships; couccpt of rarity ancl

iur lLsi ou: lrh) Iogeograph)'.

Practicals: Based on the thcorr'.

(8 lecturcs)
biotic and abiotic cleteluriuants of cotnur'"tnitics;

conlrlolluess; geography oI diversit'ication ancl

I Credit

Suggestcd Rcadings

l. Lotrolino, XI.V.. Riddle,8.R., \\'hittaker, R..1. & Broun, i.H.2010. Biogcogruph.v (.ttl'crlition).
S inauer Associates, Sunderlancl.

2. Marri, VI.S. 1974. Ecolog), rttttl Biogeogt'aphy irt lndia. Dr. W Junl< Publishcrs., The Hague.
3. Sirrgh, G. 2012. Plunt St,stentcttics: Theory ctttd Pr"rtclice (3'd eclition). Oxfbrcl & IBH Pr,'t. Ltcl.,

Nerv Dellii.
4. Williarls, D,M., Ebach, I\1.C.2008. Fottttdutiotts of Sy51e171ntics crtti Biogeogrrq:ly. Springer.
5. Wilkirts, J. S. 2009. Species: A History of the klea (VoI. l). University of Calilornia Press,
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B.Sc (tt) Environnrental Science (CBCS pattern)
SENIESTER _ IV

CORE COURSE 9: URBAN ECOSYSTENTS

Theory'(50 Lectures)

Prcarnble: The paper is clesigned to enable the stuclents to exaurine the existing euvironurental issues,
conflicts and their potential role in urban developurent. It beholcls impoftance as interaction betrveeu
urbau society and its enviroutnent transpires in govemance and policy decisions. It also aims to
address key challenges posed by increasing developrnent to far-reaching goal of s,.rstainability in urbarr
areas.

Unit 1: lntroduction (2 lcctures)
Iutrocluction to urbanization; urban sprarvl ancl associated environmental issues.

Unit 2: Environnrent in rn urban sctting (l0 lcctures)
Man as the driverof urban ecosystem; comuroclitjcation of nature; metros, cities and to\vns as soiirces
aud sinks of resources; resource consumptiou and its social, cultural. economic and ecological
perspectives; urban transformation; Urban translonl ation and chal lenges.

Unit 3: Urban drvelling (10 lectures)
Housiug scenario across r range of large-rueclir.rnr-surall cities; poverty anci slunrs in au urban conte.rt;
Torvn plamring Acts aucl their environntental aspects; energy consuurption and rvaste disposal as rvell
as accumulation.

Unit 4: Urban interface rvith the environment (10 Icctures)
Management of urban enviromnent; alternative resources; policy and management decisions; urban
settings as loci of sustainability; challenges associated rvith sustainability and urban future.

Unit 5: Natural spaccs in a city (8 Icctures)
Concept of 'controlled nature'; scope, impoftance and threats to nature in the city; organizatiou and
plamring of green spaces such as parks, gardeus and public spaces; concept of green belts.

Unit 6: Planning and cnvironnrental nreulgcurcnt (10 lccturcs)
Urban plannir-ig and its environrnental aspects fron-i historical ancl coutemporary perspectivcs; benefits
of environmental managcnrent; irttroduction to grecn buildings; ulban goventallce; surirrt citics.

Practicals:Based on the theor\,. I Credit

Suggested Readings

l. D'ltlotrte, Darryl. 1985. Inclustry versus Envirr-rtrttteut Terttples or Torlbs. Tlrrce Corttroversies.
Delhi, CSE.

2. Ernstsou, H. 2011. Re-translating nature irt post-apaflheid Cape Tolln: The nlatcrial senriotics
of people and plants at Bottom Road. In: Heeks, R., (Ed.) Contcrcnce on ''Uuclcrstancling
Development through Actor-Netri'ork Thcory", Lollclorl School of Ecouourics, 30 June,
London.

3. Caston, I(J. 2010. Urban Ecology. Cambritlge University Press, Nerv York.
4. Glimm, N. B., Faeth, S. H., et al. 2008. Global Change and tlie Ecology of Cities. Scicr-rcc 3 l9:
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8.

Hinchlift'e, S. &Whatmore, S. 2006, Living cities: Torvards a politics of conviviality. Science

as Culture 15: 123-138.
Mclntyre, N.E, 2000. Urban ecology as an interdisciplinary field: dilfereltces in the rtse of
'urbarr' betrveen tlie social and ttatural sciences. Urban Ecosystems 4: 5-24.

Montgomery, M.R. 2009. Urban Transfbnlation of the developing rvorlcl. Science 319:761'
764.

Richter, VI. & Weiland, U. (ed.).2012, Applied Urban Ecology. Wiley-Blackrvell, UK.
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B.Sc (H) Environmcrttal Scicnce (CBCS pattcrn)
SEI\IESTER _ IV

CORECOURSEI0:ENVIRONNIENTT\LLEGISLATIONANDPoLICY

TheorY (50lectures)

preanrble: This paper iutrocluces students to the legal structure of Irtdia and fundauretttals

ofe,viron*rental regislation ancl poricy -oting. Each uriit will help the stLrde,ts.to clevelop basic

concepts of environme.r'rtal legislaiion and policy l.,.,aking in lnclia atlcl arouucl the rvorld'

(6 lectures)

Ccnstitutional provisir-rns; General principle inUnit l: Introclttction
Introcluction to Envirourureutal larv in hidia;

Envirouureutal lalv, a brief iutroclr'tction of SDGs'

Unit 2: Environmental legislatiott

i.grf clefliitions (environrnental pollutiou' uatural resoLlrce'

J.r'=topnl.nt); Articie 48A (The protection and it,provetnent of

forests ancl wilcllife); Article 5l A (Fundameutal duties)'

Unit 3: Legislative Instruments I a r,- - \r/:r -- /D...-.,ri. 
(10lecttrres)

The Inciian Forest x"t-tgizl;it,. rvitatir" (protection) Act 197^2; The water (Preventiou aucl Coutrol

of pollution) Acl 1974; The Forests (co'servation) i\ct 1980; The Air (Preve^tiou ancl corrtrol of

Pollution) Act 1981;The Envirotttnent (Protection) Act 1986; Motor Vehicle Act 1988'

Unit 4: Legislative Instruments I
The Public Liability Insurance Act 1991; Noise Pollution (Regulation ancl

niorogl.or Diversity Act 2OO2; The schedule Tribes and other Traditional

Foresis Rights) Act 2006; The National Green Tribunal Act 2010;

environment friendly products, Ecornarks'

Unit 5: Governntent institutions ^ , r ---. ^.^. 
(6 lectures)

Role of Ministry of Environment, Forests & cliurate changein environmeutal lalv and policy makir-rg;

Role of ce,trai a,d ,t"i. pof f ,rtion control boarcls in enviromnental larv ancl policy rnaking'

3
3
,:7

:i)

,3

:t
.3

+
o

(8 lectures)

biocliversity, forest, sustairlable

environtttetlt and safeguarclirlg of

(12 lectures)
Control) Rules 2000; Tlie

Drvellers (Recognition of
Scheme and labeling of

Unit 6: Interrtntiotlal lalvs ancl policy

Unitecl Nations Conf'eretice oll Euvironmetrt ancl

Copenhagen ancl Paris suurtnits, Raursar coflvetltion'

Practicals: Tutorial and case studl'based'

Suggested Readings

' in Itttlitt. Kluricr Latv Intentational'

C lial 1 err gc-s t-o r E rl fb rc c-i'nenl' B t r I I e t i t t o f 
' 
t I r a

3. Divan, S. &Rosencrattz, A' 2O0l' Ent'ironntetttul Lttv' tutd Policv in Inlirt. Oxford Uuivc'rsity

l.Abraliatlr.C.lvl'1999'Ettl,it.t,lltntatttttlJttrisptlulattce
2. Agarrval, V.l( 2005' Ettvirt''t'Ltue-utal Lati's in lnclia:

Nittionul In.stitrrte rtf Ecologt' 15 227 -233'

$
:)

(3 lecttrrcs)

Developtneut 1992; I(yoto Pr<''tcicol 1997;

l Crcditi'3
I

i.-1

ie
Ir
Ie
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BEa\\ --r'
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Press.

4. Divan, s. &Rosencralz, A. 2002. Ettt'irotttrtetttttl Ltttv artd Policy irt Incliu: Cttse's'

Ir,lu t e, i u l s u t r cl St u t r t es (2'declitio'). Oxford U,iversity Press.

5. Cupta, K.R. 2006. Enriro,,,rre,rtti.tlLegislatiott itt lttdiu. Atlarrtic Publishers ancl Distributors'

6. Leelakrish*an, P. 2008. Ettyirotttttetriri tr',rt'in ltrtlirt (3'd eclition)' Lexis]'Jexis India' ,
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B.Sc (H) Environmental Science (CBCS pattern)
SENIESTER * IV

GENERIC ELECTM-4(Scm lV)
GE-"l: Botany- 2

$ TheorY (50 Lectures)

;| UNIT I: Pteridophy'tes (l0lectures)v 
Celeral characters of pteridophl,tes, affinitiis rvith bryophl'tes & gymnospcrms, classificiitiot-t,

-33 economic importance, stucly of life histories of- fbssil Pteridophy'tes - Rlt-,-rtitt

a. UNIT II: Pteridophytes: Ty'pe studies (l0lcctures)
v Life histories of Sc/rrgir clh- (Heterospory aucl seed habit) ancl L1'co1:oclirutr.

$ UNIT III: Gymnospernrs (10i,cctures)
Geperal characters, classillcation, types of fossils, fossil gymnospenns- I[/illictntsotticr

i' Telome ancl stele concept.

J UNIT IV: Gymnosperrns: Type studics (10l,cctures)
Life histories of 6,crtscQ Piuus, econotnic impoitance of gytnuospertlls.

;$
$

II UNIT V: Angiospernrs: (l0lccttrres)
f il Introclr.rction to Classification of Angiospenls

i tmportant rules of plant nourenclature.

lO A study of diagnostic features of the folloiving families of Angiospenls:

i Malvaceae, Apocynaceae, Poaceae

i*
5't cats: Based on Theorv- I creclit
iB Practicals: Based on TheorY-

I

iP 
PRACTICALS

1g l, Exarnilation of rnorphology ancl anatomy of vegetative and reprocluctive pafts of

I Srluginellcr, Ecluisettmr &Pteris
,p 

7r:1;1;f;r,?,rt 
of morphology ancl anatomy of vegetative & reproclur.'tive parts of -

"'P i. ilil':..i,]I,ffii:l|:'J::l',1'ff*i,,'.',1',X:;?l'i1,,,.,
"rb"f /&,.--- *""; d',rii* W** 0{"fY"
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B.Sc (II) Envirotrulctrtal Scicrtce (CBCS patterrt)
SENIESTER- IV

SKILL ENTIANCENIENT COURSE _ 2

SEC- 2 SOLID WASTE NI.\N.\GEIIENT (Sent I\/)
J Credits (J0 Lectures)

Unit 1: Introtluction (6 lecttrrcs)

Sources and geleratio6 of solid rvaste, their classification attcl chetnical composition; characterizatiort

of municipal solicl rvaste; hazardous rvaste and biomedical rvaste.

Unit 2: Effect of solid rvaste disposal on environmelrt (8 lectures)

Iprpact of solicl rvaste on enviroinent, human and plant irealth; effect of solicl rvaste and

eflluent discharge on rvater quality arld aqr'ratic life'

Unit 3: Solicl n'aste ilIanagemetrt (10 lcctures)

Differelt techpiques used in collection, storage, transportation ancl disposal of solicl wastt- (rnunicipal'

hazardous ancl biolredical rvaste); landtlll (traditional ancl sanitary landfill clesign); thenlal treattlent

(pyrolysis and incineration) of rvaste tnaterial.

Unit 4: Industrial rvaste managenlettt (8 lectures)

ivp., of i,clustrial rvaste: hazairlous ancl non-hazardous; eft'ect of inclustrial rvaste ou air, rvater atrd

soii; industrial waste lllanagement ancl its impoftance; etflLrent treatrnent plant ancl sewage ti'eattnetlt

plant,

Unit 5: Resource Rccovery (8 lecturcs)

4R- reduce, reuse, recycle and recover; biological processing - compostirtg, auaerobic digestion,

aerobic treatment; reductive dehalogenation; mechanical biological treatinent.Cor,cept of energy

recovery from rvaste, refuse derived fuel (RDF)'

Suggested Readings
1. .finani, p. U. 2006. Solid waste rnanagement.hdiu hrft'crstt'ttctttre Repot't 570.

2. Bagchi, A.200-1. Desigtt of Landfills ind Integrctted Sotic,l..!l/ltste lv'Icmctgurt-ctrl..lohn Wiley &

Sotr.s.

3. Blacknian, W.C. 209|. Bas.ic Httzctrclotts lVaste lvlanogcrrrcrlf'CRC Press'

-1.Iv{cDougall, F. R-,lVhite, P. R., Eranke, iVI., "tHindle, 
P. 2008. htegt'tttctlsrtlid ihrste

,\[ctrrrtgenwtt: A Lifc Ct'cle hn'efi'forry.Johu Wiley & Sons'

5. US'EPA. 1999. Giite.for hulusrritil llI.er;te l+lcutctgenrctrl. Washington D.C.

6. White, p.R., Franke, tri, aUir.tle P. 1995. Integrutecl Solid v'cr.ste ltltutctgenrctrt: ,'l Lifcc'.t'c'le
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B.Sc (tl) Environmcntal Scicnce (CBCS pattern)
SEI\IESTER _ V

CORE COURSE 1I: BIODIVERSITY AND CONSERVATION

Theory (50 Lectures)

Prcaltrblc: This course is aimecl at helping stuclents to uuderstuncl aucl appreciate various coucepts
auclissues conceming biocliversity and conseruation at local, regi nal ancl global levels. The course will
attetlipt at eucouraging stuclents to appreciate the paradigm "tliink globally, act locally'' fbr a
sustainabIe coltllron future of huurankind.

Unit l: Lcr'cls of organization aird Biodiversity p:rttcrns(6 tectures)
Tree ollif'e: genes to ecosystetns; Spatial pattenrs ancl teurporal patterns: Iurportance of bioclil,crsity
pattems in consenration.

Unit 2: Biodiversity estinration
Sampling strategies, qualitative and quantitative ntethods: scorilg, liabitat
density, frequency, abundance, evelrress, cliversity, biomass estirlationl
estimation: alpha, beta and gamma diversity.

(10 lcctures)
assessrnent, richness
cornmunity cliversity

.I

s
J:

0
,L

-l

Urrit 3: Inrportance of biodiversity
Econonric values - mecliciual plauts, drugs, fisheries ancl livelihoocls;
procluctivity, role in hydrological cyc le, biogeocherriical cycling.

Unit 4: Threats to biodiversity
Natural aud anthropogenic disturbances; habitat loss, habitat clegraclatiol,
climate change; pollution; hunting; over-exploitation; deforestation;
invasive species; Intennediate Disturbance Hypothesis.

Unit 6: Bioiliversity in Indiit
Pliy'togeographic and Zoogc.ographic zones of the country;
reserves in the country; National Biodiversity Action PIan.

Practicals: Based on the thcon'.

(8 Icctures)
ecological services - i;rinrary

(8 Icctures)
and habitat fi-agutentation;

hl,dropou,er developnrent;

(3 Icctutcs)
status of protcctecl areas aucl bic;sp.liere

I Credit

Unit 5: Conservation of biodiversity (10 lectures)
Irt-sittt cotrseruation and Et-sittr conservation, Biodiversity hotspots; IUCN Red List categorization -guidelines, practice and application; Red Data book; ecological restoratiorr; afforestatiol; social
forestry; agro forestry.

J
3
J

;}

!iI

o
a

5

Suggested Readings

l. Gastot.t, KJ. & Spicer,.l.l. 1998. Biotlive'r.s'it.t';.,1tr Introdrtc'tiott. Blackucll Sci,:nce, [-11clc-,p.
UK.

2' Krislrnatrutlhy, K.V. 2004. .'1n .klt'crncetl Text [iook of'Bioclivct'sitv - Pt'iitciltle,s utttlPrcrctic,c.s.
Oxford and IBH Publications Co. Pvt. Ltd. Nerv Dellii.

3' Paticlit, M.l(. &GrLrntbine R.E. 2012. Ongoing and proposecl hyclroporver clevclopment in the
Hirnalaya and its inipact on terrestrial biodiversity. Consen.cttiott Biolo91,26:106l-1071.

4. Pritrrack, R.B. 2002. Essentiuls of Conscn'crtion Biolog;y (3'd eclition). Sirrauer Associatcs,

o€G'F"
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5.

6.

'7.

8.

Singh, J. s. & Singit, s. P. 1987. Forest vegetation of the Hinralaya. Tlrc Bottttticttlllelierr'53:

80- I 92.

Singh, J. S., Singh, s.P. & Gupta, s. 2006. Ecology, Etn'irotrtttetil cuul Resorrrce Consen'atiott'

Anamaya Publications, Ne'uv Delhi.

Sodlri, N.s. & Ehrlich, P.R. (Ecls). 2010. consen'cttioil Biolog,-.for A//. oxlord University

Press.

Sodhi, N.S., Gibsou, L. & Ravett, P.FI. 2013. CQrtsenrilion Biolog': Voices.ft'ottr the Tropics'

Wiley-Blackrvell, Oxford, UK.
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B.Sc (II) E nvi ronmentl,#iiT;(CBCS pattern)

CORE COURSE 12: ORG.\NISNIAL AND EVOLUTIONARY BIOLOGY

Theory (50 Lectures)

Preamble: This paper introduccs stuclents to tlie funclaurentals of ecology and evolutionary
biology,Each unit covers vast range of topics, rvhich rvill help the students to develop basic concepts of
ecology and evolutionary biology.

Unit 1: History of life on Eartlt
Paleontology atrcl evolutionary Flistory; origius ol Lrnicellular and

Introcluction to major groups of plants an'-l auitnals.

Unit 2: Introcluction (10 lecturcs)
Lamarck's concept of evolution; Danvin's Evolutionary Theory: variatiot-t, aclaptatiot-t, stt-uggle, fltncss
and natural selection; Mendelism; Neoclanvinism.

Unit 3: Evolution of unicellular Iife (10 lectures)
Origin of cells ancl unicellular evolution and basic biological uiolecules; abiotic slnithesis of organic

monolrers and polymers; Oparin-Halclane hypothesis; stucly of Miller; the first cell; evolution of
prokaryotes; origin of eukaryotic cells; evolution of uuicelltrlar eukaryotes.

Unit 4: IVlolecular evolution
Neutral evolution; urolecular divergeuce and molecular
duplication and divergence.

Unit 5: Fundamentals of population genetics

(8lectures)
niLrlti ccllular orgflni:iltl.i:

(8 lectures)
clocks; molecular tools in phylogeny, gene

;"{}
i*5
r.
i
r*3
I
f

[-o
i=ir

r"
**
ti

Io
*1"*
fL"

(14 Iectures)
Concepts of populations, gene pool, gene frequency; concepts and rate of change in gene frequency
through natural selection, migration and genetic drift; adaptive radiation; isolating
mechanisms;speciation; convergent evolution; sexual selection; co-evolutir-,ti; FIardy-Weinberg Lalv.

Practicals: Blsccl on the theory.

Suggestcd Rclclings

1 Credit

l. Futuyma, D.J. 2009. Et,oltrtiott (2''d eclition). Sinauer Associates.

2. Gillespie, J, H. 1991. The Csu.ses of iVoleatlur Et'olution. Oxford University.Press.

3. Graur, D. & Li. W.H. 1999. Frrnclumentul.s o.f lfutlecttlut' Et'olutiort (2n'r edition). Sinauer

Associates.
4. Kirnura, I\,i. 1984. The h'etttt'ulTheon'ol.\[oleculttr Etoltrtittrr. Cailbriclg.: Unirersity Press.

5. Minkotf, E.C. 1983. Et'olutiotturl'Bictlogl'. Addison Wesley. Publishing Company.

6. Nei, i\1. & Kuntar, S.2000. ,\[olacttlur Evctlution unl Phtlogatrctic's. Oxt'ord Univcrsity Prcss.

7. Nei, lv{. 1975. ltolearlur Poltrtltttiott Genetics tuttl Et'oltrliotr. Norlh-Fiollancl Publishing

Couipauy.
8. Nei, NI. 1987. Moleculur Eyolutiouary Gettelics. Colunibia university press.

9, Thonte,J.L.,Kishino,H.,&Painter, I.S. 1998.Estimatingtherateofevoh.rtionoftherateof
nrolecular evolution.,\Iol e a t I or B i o I ogy cr t r cl Evo I u t i o tt 15: 1 617 - | 657 .
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B.Sc (tI) Environmental Science (CBCS pattern)
SENIESTER _ V

DISCIPLINE SPECIFTC ELECTIVE COURSE- I
DSE- 1 GREEN TECHNOLOGY

TIteorY (50 Lectures)

preamble: This paper introcluces students to tl,e concept of green technology, its goals and

advantages. lt also highlights potential role of green technologies in realizing the goal of sustainable

developinelt and focus.J or', iorrrrunity participation to tap the econouic benefits associated with

srvitching to green technologies.

Unit 1: Irttrocluction (8 lectures)

Defipitiol aud concepts: green technology, green eltergy, green infrastntcti'ire, green ecouottly' attcl,

green chetuistry; sustainable cousuurption of resources'

Unit 2: Green technologies (8 lecttrres)

Greep techpologies i1 historical ancl contemporary perspectives; successtul green technologies: rvind

turbiles, solar panels; 3 R's of green technology: recycle, rellew anct reduce; paradigm shift frorn

'cracllc to cradIe' to 'cradle to grave'

Unit 3: Green infrastructure, planning ancl ecollorny (12 lecttrrcs)

Greel builciipgs; need and relevance of green builclings over conventional buildings, coustructiou of
greel builclings; Eco-1rark certification, establishment of Eco-mark in India, its importauce aud

implementation; Green planning, concept of green cities.

Unit 4: Applications of green technologies I (10 lectures)

Increase iir energy efficiency: cogeneration, rnotor system optimization, oxy-fuel firing,

isothenlalnelting piocess, energy efficient fume hoods, cotnpact iluorescent lights (CFLs), motion

detection Iighting, or progral11irlable thennostats.

Unit 5: .\pplications of greetr tcchnologies II (12 lcctures)
pollution recluction and removal (Flue Gas Desulhrrization (FGD) ilethods, catall'tic or thertlral

destructiou of NOX, Fluidizecl Bed Combustion.

Creen alternatives; photoclegraclal-rle plastic bags.

Unit 6: Greett future (10 lectures)
Agenda of green del'elopmertt; reduction of ecological

sustaiuable futuregreeu practices to consert'e tratural

cleve l op i n g r'llt,i rounlettta l fri end l y technol o gies.

Prrtcticrils : Illrscd on'f rr torilI/,\ssi gtt Iltctt t/Cltsc s itt clv l Crcrlit

Suggestccl Rcadings
l. Airastas, P.T. & ivo,'r',"r, J.C. 1998. Green Chcnristt"t;; Thcory & Pructice. Oxfbrd University Press'

2. Arceivala, S.L. 2014. Green Tecltnologies; For ct Better Ftttttre.lvlc-Graiv Flill Publications.

3. Baker, S. 2006. Strstctincrble Develctpmetrl' Routledge Press.

4. Hrubovcak, J., Vasavada, U. &Alcty, J. E. 1999. Green technologies for a more sttstrtittoble

ctgricultttre (No. 33721).Unitecl States Depafiment of Agricuiture, Ecououric Research Scn'ice'

fbotprint; Role of green techuologies tori'ards a

resources; Role of aclvaucetltent in scietlce itt

lrlC-----
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B.Sc (H) Environmental Science (CBCS pattern)
SEIVIESTER_ V

DISCPLINE SPECIFIC ELECTIVE COURSE. 2

DSE- 2 ENVIRONMENTAL ECONOMICS

Definition and scope of environmental economics; environmental economics versus traditional
eccnomics; brief introcluction to rnajor components of econonry: col1sut11er, flmr and their interaction
in the market.

Unit 2: Environmental economics (14 Iectures)
lvfain characteristics of enviromnental goocls; marginal analysis; urarkets and market failure; social
benefit, costs and rvelfare fuuctions; rleaning and types of environmental values; measures of
economic values; tangible and ir,tangible beneflts; Pareto principle or criterion.Hardin's Thesis of 'The
Tragedy of Commons'; prisoner's dilemma game.

Unit 3: Economic solutions to environnrcntal problems (lJ lcctures)
Social costs ancl benefits of environmcntal prog.uul,rres: nrarginal social beneflt of aba.tcnrent.
marginal social cost of abatement; environmental subsidies, nTodelling and eurissiorr charges; polluter
pay principles; pollution pennit trading systern.

Unitl: Introduction to microeconomics

Unit 4: Natural resource economics
Economics of non-renervable resources; econornics of fuels r

extensions ; ta,xation; economics o f renervabl e resources.

Unit 5: Tools for environmental economic policy
Crorvth and environment; environmental audit and accounting,
analysi s. Princip les o f Co st-B enefit Analysi s.

Practical: Based on Tutorial/Assignnrcnt/Case study

'fheory (50 Lectures)

(10 lcctures)

(6 lectures)
and minerals; Hotelling's rule and

(6 lectures)
Kuznets curve, environmental risk

I Credit

Suggested Readings
[. Arrow, K., Bolin, B., Costanza, R., Dasgttpta, P., Folke, C,, Holling, C.S., Jansson,8.O.. Ler,'in. S.,
N{aler, K.G., Perrings, C., Piurentel, D. 1995. Economic grorvth, carryiug capacity, and the
environrnent. Ecological Econornics 15: 9l-95.
2. Hanley, N., Shogren, J. F., & White, B. 2007. Environmental Economics: In Theorv ancl Practice.
Pal grave Ivlacrlillan.
3. Kolstad, C.D. 2010. Enr,'irorurental Economics.Oxford University Press.
-1. Pennan, R. 2003. Natural Resource and Envirotllental Econor:rics.Pearson Education.
5. Singh, K. &Shishodia, A. 2007. Ertvirotimental Economics: Theory and Applications. Sage
Publications,
6. Thomas, J.M. & Callan, S.J. 200T.Envirournental Economics. Tliomson Leanring Inc.
7. Tietenberg, T. 2004. Enviromrental aud Natural Resource Economics (6th Eclition). Pearson
Education Pvt. Ltd.
8. Tietenberg, T. FI. & Lervis, L.2010. Envirormrental Economics and Policy. Addison Wesley.
9. Tunrer, R. K,, Pearce, D., & Baternan, L 1994. Environmeutal Economics: An Elementary
Introduction. Harvester Wheatsheaf.
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B.Sc (FI) Environmental Scicnce (CBCS prttern)
SEI\IESTER _ VI

CORE COURSE 13: EARTH AND ET\RTH SURFACE PROCESSES

TheorY (50 Lectures)

prenmble: The paper r.vill introcluce students to the basic structltre and cortlposition of the Eafth

andlvill explore uo.iou. surface processes and their impact on and role in livirtg systems. It rvill also

cleal rvith the interactive processes in the inner as rvell as outer Eafth's surface.

Unit 1: History of Earth (6lecturcs)

Solar systep-i - Age ancl origin: lorniation ancl courposition of core, mautle, crust, atutospherc atld

hydrospher.e; geological tiure scale and major changes on the Earlh's surface.

Unit 2: Earth system processcs (10 lectttres)

Lithospheric piates; mantle convection and plate tectonics, major plates and hot spots, plate

bounclaries; sea floor spread; earlhquakes; volcanic activities; orogelly; isostasy; gravitational and

rnagnetic frelcls of the earth; continental clrift, paleontological evidences of plate tectonics; continental

collisior-r aucl mouutain fonnatiou rvith specific exatr-iple of the Hiuralaya.

Unit 3: Nlincrirls and roclis (12 lctturcs)

Milerals: Basic Concept and inrporlant; rock cycle: lithification and uretaurorphisrr-r; rock structrtre,

igneous, secliurentary and metaurorphic rocks; r,veathering: physical, biogeocherlrical processes;

eiosiol: pliysical processes of erosion, factors affecting erosion; agents of erosiou: rivers and streattts,

rvind and glaciers.

Unit 4: Earth surface processes (14 lectures)

Interfaces: atmosphere-ocean interface, atmosphere-land interface, ocean-land interface; land surface

processes: fluvial a1d glacial processes, rivers and geomorphology; types of glaciers, glacier

dyiramics, erosional and depositional processes and glaciated landscapes.

Unit 5: Physiographic clivision of Inrlia (8 lectures)

Fonnatiol of pepinsular Inclial pountain systems - Westem and Eastem Chats, Vindhyas, At'av:rllis,

etc.Fonnatiol of the Hiuralaya; clevelopment of glaciers;Progressiou of agricultr:re in the Indian

subcoutilc-r-rt i1 Flolocene; rvithclrii* ing t't-totisoon aucl lcssous to clrarv.

Prrcticals: Brrscd ou the thcorr / llcldl ork. l Credit

Suggestcd Rcadings

l. Briclgc,.l., &Den'ricco, R. 2008. Eut'tlt Srrt'[irc'c Processe.s, Lunclfbt'itr.s trncl Selittrctrt tlaptt.tit's.

Caurbriclge University Press.

2. Duff, P. tr.t. D., & Dufl D. (Ecls.). 1993. Holntes' Principles of Pht,sicul Geologv. Taylor &
Francis.

3. Cupta, A. K., Anderson, D. IvI., .t,Overpeck, J. T. 2003. AbrLrpt chauges in the Asian southrvest

,.,',ol',roo,', duriug the Flolocene ancl their links to the Norlh Atlantic Oceau' Nuturc42l: 351'
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Gupta, A. K., Anderson, D. N{., Pandey, D. N., &Singhvi, A. K. 2006, Adaptation and human
migration, atid eviclence of agriculture coincident rvith changes in the Indiau sulnurer mol-rsoon
during the Holocene. Current Scienceg\: 1082-1090.
Keller, E.A.20i l. lntrocluction to hn'ironnrentctl Geolctglt (5tl'eclition). PearsonPrentice Hall.
Krishnan, M. S. 1982. Geologv of India uttcl Btrntu. CBS Publishers & Distributors.
Leeder, M., Arlucea, M.P.2005. Physical Processes irt Ecrrth uncl Enyironntentcrl Sciences.
Blackwell Publishing.
Pelletier, J. D.2008. Qttcrntitcttit'e Modelirtg of Earth Sttrfuc'e Processes (VoI.304), Carnbridge:
Canrbridge University Press. Chicago.
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B.Sc (ll) Environnrental Scicrtce (CBCS pattern)
SENTESTER - VI

CORE COURSE 1.I: NATUR,\L RESOURCE T\I'\NAGENIENT '\ND SUS'TAINABILITY

Thcory'(50 Lcctures)

Preamble: This paper takes all objcctive vierv of the uature of Earlh's

generation,extraction and impact of hutnau activities ott eatth's euvirotrutetlt.

ixpected to understand effective nlauagement strategies. It aims to provide atr

rnanagement strategies and a critical insight of the major sustainability issues.

Unit 1: Introduction

resources, their
The students are

idea of effective

(8 lecturcs)

(12 lectures)
cells; Hydropower
energy conversiou

Resource ancl reserves; classification of natural resources; renervable aud ttou-retrervable resoLlrces;

resource degraclatiol; resource consenration; resource availability and factors influencing its

availability; Ia6d resources; water resorlrces; energy resources; uineral resotlrces; hun-ian impact on

natural resources; ecological, social and ecouomic ditnension of resource mauageurent.

Unit 2: N{ineral resources (10 lectures)

Mineral resources ald the rock cycle; icientifiecl resotlrces; undiscoverecl resources; euvirontnental

effects of extracting and using mineral resources.

Unlt 3: Non-rcnovable energy rcsourccs (10 lecttrres)

Oil; Natural gas; liquetied peiroleuln gas, Iiquefied natural gas; Coal reseF/es: classificatiott, coal

gasification; environtrlental irnpacts of non-renervable energy consumption.

Unit 4: Renervable eltergy resotlrces
Energy efficiency; life cycle cost; cogeneration; solar energy technology, solar

technology; Nuclear power: reactors, Tidal energy; wave energy; ocean therual

(OTEC); geothen-nal energy; energy frotn biou'iass; bio-diesel'

Unit 5: Resource management (l0lecttrres)

Approaches i1 resource managemeut: ecological approach; econouric approach; ethnological

approach; integrated resource lltallagenlent; Different approach torvards sustainablc clevelopment ancl

its differelt constituepts; sustainable energy strategy; Principles of energy conservation; Incliau

renervable energy pro grat11lrie.

Practicals: Brsed olt the theory'.

Suggested Readings

I Credit

L Craig. J.R., Vaughan. D..1. & Skinner, B..1. 1996. Resout'c'e.s of' the Etrrth: Origitr, L:se,

ttrtdEt;.irgnlteutcti Irrrpuc't.s (2"deditiou). Prentice t{all. Nerv .lersey.

2. Freer1rap, A.\1.200 l.llectstrra.s of wtltte cttttl RasoLtt'c'c.s; Rcsctttrce.s fi.,t'thc Firttrre. Washingtort

DC.
3. Freerla6, A,lvl. 2003. llillennitrnt Ecost'stert .,J.s,ses.sritcnt: Conceptttcrl Frttntctrr.'r'l':' Isllncl

Press.

4. Ginley, D.S. &Cahen, D. 2011. Ftuulttnrcntctls of it[uteriuls "fo, Ettarg.v crttcl

Env i ro ttnterr tcr I Sr ts tct it r crb i I i ty. Canbridge University Press'

K1ee, G.A. 1991. Conservation of Natural Resources. Prentice Hall Pr'rblication.

Miller, T.G, 2012. Environuental Science. Wadsti'or1h Publishing Co'
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7. owett' o'S' chiras, D'D, &Reganolcl, J.P. 1998, Natural Resource conseryatio. - ivlanagcrlentfor Sustainable Future (7th edilion). prentice Hall,
Ra'racle, F, 1984. Ecorogy of Naturar Resources. John wiley & Sons Ltd.Tiwari' G'N' &Ghosal' M' K. 2005. Renervable rn..gy R..or...r, Basic principles a,dAppl ication. Narosa publishing House.

ffi* kfrh'6d\,i,*

.r\,

$
\,

'o
J

,D

l= rI
i'rl

'.o
l'r.,

t-

f ".l
d
,i:'-!

i.r
?,

crJ
I

ie
.

ri ul
,"o

'rJ
f(r
{.r

i:Ir



.{r
f,':"

i.
I*
-'3s
s

F
$
&
T
\E

{.

F
F
p

B
fr

B.Sc (H) Ertvironntcntal Scicncc (CBCS pnttern)

SENIESTER - VI

DISCIPLINE SPECIFIC ELECTIVE COURSE- 3

DSE-3ENVIRONITTXT.rI.INIPACTS'\NDRISI(ASSESENIENT

' ThcorY (50 Lectures)

unit l: Environnrental impact assess,re*t (EIA) (10 Lectures)

Defuritions, introductio^ and concept'; 'utio*Jt 
and historical'clevelop,rent of EIA; scope a,d

rnethodologies of EIA; role of project pt"p"*"", project ttuttopt* a,d consulta'ts; Ten,s of

Reference; i,rpact identirrcatior- ond pr.^aiiiion, baserin" clata collectio'; E*viro.mental hnpact

S""*.ri'elS), Environtleutal Manageurent PIan (EN{P)

Unit 2: Rapicl EIA; Strategy r --.--^.-+! r\^-+ Er, 
(10 Lectures)

Envircrmental Assessment; Social Impact Assessrnent; cost-Beneiit analysis; Life cycie assessureitt;

environmental appraisal; environmental matlagetlent - principies' problems ancl strategies;

environrnental pra,,i.g; environmentar auJii; i-ntrocluction a rso oni tso lzl00c; sustai'able

develoPment.

Unit 3: EIA regulations (8 Lectures)

EIA regurations in I'riili-a; stat,s of EIA i, I,clia; cune,t issues in ErA; case str-rcly of hyclropo'er

proj ects/ thermal Proj ects'

Unit 4: Risk and vulnerability -r -:^1-. r:, 
(l0lectures)

co^cept of risk and vulnerability; Tr,vo compo,ents of risk: rikelihood and consequerlces, qualitative

likelihood measurement i,dex; .ut.gori"l, Ji.L,rr.qr.n.es (direct losses, indirect losses' tangible

losses, and intangi;i; ;;r.ri; Ap;lic;;i; of getinfomrotitt in hazard' risk & r'ul,erability

assessment.

Unit 5: Risk assessment (12 Lectures)

Introduction and scope; project pla..i'g; exposure assess'rent; toxicity assess,re*t; hazard

identiFrcatio' and asseisment; risk charact#zatio,; risk co,rurur-,icaiiorr; .t'ui'o''"-"t'''ta1 r,o,itori'g;

co,r*ru*ity involverir-eni;1";ri o,.ta ,.gutoio'v ittt""*otk; hu,rrn a,cl ecological risk asscsstrieut'

Prrtc ticlls : Basctl o ll Tuto rial/Assigrtnrcltt/Case stucll' 1 Crcdit

Suggested Readings t.. t,,t,.,.rtrr.t;.,,r orfirrd Universitt'Press.
1. Barrorr,. C.J. 2000. Social Itttllctct.4sse.s.sntettt: ,4lt Introclttctioll. oxfbrd Unir,ersiti,P

2. Glirsson, J., Theri'el, I{., Chacrivick' A. l gg-1. Irtrt.r'trttc,tirtn tr,t Etn'it'rrrtrrarrrur Itttpttct

,,1.r.rc.s.srtertl.Londou, Research Press' UK'

3. Jrrdith, P. 1999. fltttulbrtok rtf Etrtirrtttttrcttlttl Inrptrc't -lsses'strren t'Blacklyell Scietlce'

-1. lrlarriott. B. 1997. Enl,irclttntalttttl Itttllttc't,^1.,'.sc.r.i,,l.,llr : A Ptttc.tic'ttl Gttide. it{cGrarr,-llill. Ncrt,



B.Sc (ll) Environnrental Scicnce (CBCS plttern)
SENIESTER _ \'I

DISCIPLINE SPECIFIC ELECTIVE COURSE- .I
DSE. 1 HU}I.\N \\,'ILDLIFE CONITLICT .\ND NI.\NAGENIENT

Unit l: Introduction to *,ildlife uranagenrent
Need of environrlental management; rvilcilife conservation: moral
nlanagelrent; deep and shallorv ecology.

Theory (50 Lectures)

(-l lectures)
obligation? Philosophy of rvildlif'e

unit2: Evolution of the concept of *'ilclrife management (10 lectures)
.loumey of niaukind fiorn predator to couservator; prehistoric associatiop betrveen rvilcllife ancl
humans: records from Bhinibetkarvall paintings; conseryation of r.vilcllife ip the reign of king Asiioka.
Conservatiou and policies regarcling protected areas in 21st century; positive *lu*, proviclecl by
rvildlif'e cotisenration (monetary, recreational, scientiflc ancl ecological beirefits).

unit 3: wildlife conservation lal's in India (10 lectures)
Types of protected areas (Wildiife Sanctuaries, National Parks, Biosphere Reserves); IUCN categories
of protected areas, Natural World Heritage sites; concept of core and buffer area irL aprotectecl ,:r,1g.,
brief introdttction to Wildlife Protection Act of 1972, Forest act 1927, pnui.on,rr.,rial protection Act
1986, and Forest couseryation Act 1920; introduction of Tiger task force, Status of curept protected
areas in India.

unit 4: socio-economic and Iegal basis of conflicts (10 lectures)
Concepts of developrnent and encroacllnent, who is the intruders: human or alirnal? hpact of
conflict on humans and r.vildlife, impact of habitat fragrnentation, forest pro6uce as a need vs. forest
exploitation, introduction to tribal rights in India, demographic profile of tribes in Inclia, irnpofiairce of
forest produce to tribal populations, Scheduled tribes ura other traditional Forest chvellers
(Recognition of foresr right) Act, 2006.

Unit 5: \Yildlife conflicts (6 lectures)
Insight into the important conf'licts: I(eolacleo National park colflict of Bharatpur, Flurnan a.cl
elepliant cortflicts of Kerala, Fishenran and tiger contlict of Sunclarbans forest, it-,iftirg culti',,atio, i.
Norlh east Inclia.

Unit 6: Iluman lildlifc coexisicnce (l0 lecturcs)
Slmbiotic relationsliip betrveen tribals aticl forest. forest and rlevelopntelt, focus r-rn the iriclusir,e
gro$'th of tribes: cotnmunity participation in forest ulauageulcnt, case stur.lir o[- Ciripko lllgycll]cr)t,
Irrdia's Bishnoi cottrtrunity and tlieir conseruation practicesl ecological ccopop.ric rr.elfare ancl
cleVelopnlcnt: cotisenration of indiger:ous culture and ir-aclitions. role ol intcrnatigpal orgauizati.,s:
lUan and bicisirhere progrlnl.ues.

Prlcticlls: Bascrl on futori:rI/,\ssignnrcnt/Clse strrclv I Crcrlit

Suggestcd Rcaclings
l. corrover, M.2001 . Resolt'irtg rltrntct,Il'iiltife Cottflicts,cRC press.
2' Dickman, A' J' 2010' Complexities of conflict:-the importauce of consiclering social lactors for
eflectively resoiving human-rvildJife conflict. Attitttcrl Cottsert.crtiott 13: 45g-466.
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3. Nlessmer, T. A.2000. Trre emergence of hunran-rvirdrife conflict rnanagernent: Turning challenges

into opportr,urities. Intet'trcrtiottcrl Biocleteriorotioncft Biodegratlation 15: 97 -102'

+. prty, C.2OO7. Forest Got'ernntent crnd Tribe' Concept Publishing Company'

5. Treves, A. &Karanth, K. U.2003. Human--i-lcamivore contlict and perspectives on camlvore

,"onog.;.nt worldr'vide. Consen'cttion Biologtrt 17: l49l-.1499' 
.

6. Woodroffe, R. 200i. P eople cu,cl lVitdlife:-Cctnflict antl Coexistence' gambri$Sf-;., 
,

i. Woodrofte, R., Thirgood, S., & Rabinoivitz, A' 2005' Paople urrcl lltiltllife' Cott'flic't or

C o esi s te n c' e2 (No. 9).Carnbridge University Press' a
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