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3.3.2: Number of books and chapters in edited volumes/books published and papers published in
national/ international conference proceedings per teacher during last five years.

S.No. Year Number of books and chapters in edited volumes/books Page No.
published and papers published in national/ international
conference proceedings during last five years.
L 2017-18 18 1-56
2 2018-19 2 5793
3 2019-20 41 98-157
4, 2020-21 30 158-212
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SL Name of the teacher Title of the Title of the paper Page Nos.
No. book/chapters
published
2017-18
1 Dr Gagan Dhawan - Influenza pandemics and 1
the associated bacterial
infections; Basic and
Clinical Virology
2 Dr. Sunita Hooda - Magnetic graphene oxide 6
for adsorption of organic
dyes from aqueous
solution.
3 Dr. Geetu Gambhir & Sunita - Remediation of heavy 7
Hooda metal ion toxicity from
waste water using
functionalized chitin.
4 Dr. Sunita Hooda & Vikrant - Fast and selective 8
Kumar detection of Cu2+ and
Fe3+ ions by 4-substituted
2-Aminothiazole in
aqueous medium.
5 Dr. Sharanjeet Kaur - Leveraging Hierarchy and 9
Community Structure for
Determining Influencers in
Networks.
6 Mr Manoj Kumar Garg Basic Business - 17
Communication Legal
English Language and
Communication Skills.
7 Dr Laxmi Narain Mathematica - 18
Programming on
Numerical Methods
Differential Equations
Modeling using
Mathematica Modeling
of calculus problems
using Mathematica
8 Dr Sarita Kumar Exploring Biology for - 21
Class VI
9 Dr Sarita Kumar Exploring Biology for - 22
Class VII
10 Dr Sarita Kumar Exploring Biology for - 23
Class VIII
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Dr Seema Makhija and Dr Ravi
Toteja

Protozoa: Ciliophora
(Ciliates). In K. Chandra,
K.C. Gopi, D.V. Rao, K.

Valarmathi and J.R.B.

Alfred (Eds.), Current

Status of Freshwater
Faunal Diversity in India

24

12

Dr Seema Makhija and Dr Ravi
Toteja

Cell Biology: Practical

Manual

47

Dr. Sarita Kumar

Characterization and
comparative bio-efficacy
assessment of silver
nanocomposites
synthesized from leaf and
stem extracts of
Achyranthes aspera
against early fourth instars
of dengue vector, Aedes
aegypti L. (Diptera:
Culicidae). Biochemistry
and Molecular Biology:
From Niche to Nation.

51

14

Dr. Sarita Kumar

Investigations on the
impact of five essential
oils on the oviposition and
hatchability of eggs of
female adults of dengue
vector, Aedes aegypti L.
Biochemistry and
Molecular Biology: From
Niche to Nation.

52

15

Dr, Sarita Kumar

Impact of acetamiprid on
the survival, morphology
and development of Aedes
aegypti L. (Diptera:
Culicidae). Biochemistry
and Molecular Biology:
from Niche to Nation.

55

Dr. Sarita Kumar

Evaluation of emamectin
benzoate as a potential
larvicide and antifeedant
agent against cotton
bollworm Helicoverpa
armigera (Lepidoptera:
Noctuidae). “Biochemistry
and Molecular Biology:
From Niche to Nation™;

54

Dr. Monisha Khanna Kapur

Taxonomic study of
extracellular enzyme
producing actinomycetes
from varied ecological
habitats

3

18

Dr. Monisha Khanna Kapur

Phylogenetic
characterization of
antibiotic producing
actinomycete strains from
diverse ecological

56

habitats.
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2018-19
19 Dr Rashmi Sharma (Botany) Neurotransmitters in Role of Acetylcholine 57
Plants: Perspectives and System in Allelopathy of
Applications Plants
20 Dr Geetika Kalra (Botany) Plant Physiology., Cytokinins 58
Development and
Metabolism
21 Dr Geetika Kalra (Botany) Plant Physiology, Gibberelins 59
Development and
Metabolism
22 Dr Geetika Kalra (Botany) Plant Physiology. Abscisic Acid 60
Development and
Metabolism
23 Dr Geetika Kalra (Botany) Plant Physiology, Physiology of Flowering 61
Development and
Metabolism
24 Dr Geetika Kalra (Botany) Plant Physiology, Senescence and Program 62
Development and cell Death
Metabolism
25 Dr. Sharanjit Kaur (Computer Class X1 Computer Textbook 63
Science) Science
26 Dr. Harita Ahuja (Computer Class XI Computer Textbook 63
Science) Science
27 Dr. Amit Garg (Electronics), Dr. Conference Proceedings Effect of concentration 64
Arijit Chowdhuri(Physics) variation in Graphene
Oxide (GO) membranes
for water flux optimization
28 Dr. Monika Bhattacharya Conference Proceedings Impact of donor-layer 65
(Electronics) doping & thickness, gate-
length and temperature on
potential and electron
concentration in
AlGaN/GaN Double-
Heterostructure and
Single-Heterostructure
HEMT
29 | Mr. Manoj Kumar Garg (English) | Business Communication Reference Book 66
for undergraduate
students
30 | Mr. Manoj Kumar Garg (English) General English Reference Book 67
31 Dr. Sarita Kumar (Zoology) Hindi Vishwakosh 68
(MHRD, GolI)
Coordi
intérnal Quality Assurance Cell (IQAT)
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32 Dr. Sarita Kumar (Zoology) Conference Paper Variation in the 72
Insecticide-Resistance
Spectrum of Aedes
acgypti L. after Selection
with Acetamiprid.
33 Dr. Sarita Kumar (Zoology) Conference Paper Growth Inhibition and 73
Growth Regulatory effects
of Lufenuron on Aedes
aegypti L.: A potential
Mosquito Control Agent.
34 Dr. Rakesh K. Sonker (Physics) Energy Analysis and Design and growth of 5
Optimization for metal oxide film as
Liquefied Natural Gas Liquefied Petroleum Gas
Process Sensors
35 | Prof. Arijit Chowdhuri (Physics), Effect of Concentration 76
Dr. Amit Garg (Electronics) Variation in Graphene
Oxide (GO) Membranes
For Water Flux
Optimization
36 | Prof. Arijit Chowdhuri (Physics), | 4th National Symposium Study of Particulate 79
Dr. Charu Khosla Gupta (Botany) | on Environment: Green Matter Pollution in
Technology for Different Modes of Public
Environmental Trasport in New Delhi,
Sustainability India
37 | Prof. Arijit Chowdhuri (Physics), | 4th National Symposium Gauging the 80
Dr. Charu Khosla Gupta (Botany) | on Environment: Green Comprehension about
Technology for Environmental Awareness,
Environmental Conservation and
Sustainability Sustainability Amongst
Primary, Secondary and
Undergraduate Students
for Precisely Defining
Exposure—Response
Relationships of Pollution
on Health
38 Dr. Harita Ahuja (Computer Textbook for IX Text Book 82-89
Science) Information and
Communication
Technology (ICT),
NCERT
39 | Prof. Gagan Dhawan (Biomedical Conference Paper Synthesis of silver 92
Sciences) nanoparticles using
Terminalia bellerica:
Physicochemical
characterization and their
antibiofilm evaluation.
40 Prof. Sunita Hooda (Chemistry) Conference Paper Magnetic Graphene Oxide 93
for Adsorption of Organic
Dyes from Aqueous
Solution.
2019-20
41 Dr. Sharanjit Textbook for XI - 98-104
Kaur (Computer Science) Information Practices,
NCERT
42 Dr. Harita Textbook for XI - 98-104

Ahuja(Computer Science)

Information Practices,
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43

Dr. Harita Ahuja (Computer
Science)

Certificate in Computer
Application,
Vocational Course, NIOS

108

44

Dr.Udaibir Singh (Electronics)

Impact of fabrication of
pyramidal structure on
silicon wafer surface in
ZnO/Si heterojunction

109

45

Dr.Udaibir Singh (Electronics)

Absorption enhancement
by surface texturing in
Zn0/Si heterojunction

111

46

Mr. Dinesh Kumar (Electronics)

Physico-Chemical
Modification Induced by
70 MeV Carbon Ions in

Alpha Phased
Polyvinylidene
Fluoride(Alpha PVDF)-
Ag(NPs) Composites

114

47

Dr. Rakesh K. Sonker (Physics)

Energy Analysis and
Optimization for
Liquefied Natural Gas
Process

Design and growth of
metal oxide film as
Liquefied Petroleum Gas
Sensors

116

48

Dr. Siddhartha (Physics),
Dr.Neelakshi N K
Borah(Physics)

Advances in Electronics
and Communcation
Engineering (Vol-2)

Semiconductor materials
in electronic devices

117

49

Dr. Sarita Kumar (Zoology)

Laboratory Manual of
BZYCL-136

Physiology and
Biochemistry: Laboratory

118

50

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Biochemical
characterization of
acetamiprid resistance in
laboratory-bred population
of Aedes aegypti L. larvae.

119

51

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Lufenuron: A potential
chitin synthesis inhibitor
against Aedes aegypti L.

120

52

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Assessment of toxicity
and growth regulatory
effects of beta-cyfluthrin
against Red Cotton Bug,
Dysdercus koenigii (Fabr.)
(Heteroptera:
Pyrrhocoridae): An
emerging cotton pest.

121

53

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Development of
acetamiprid resistance in
Aedes aegypti L.:
Correlation with growth
and reproductive fitness.

123

54

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Lufenuron: A potential
agent to control insecticide
resistant population of
Aedes aegypti L.

124
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Dr. Sarita Kumar (Zoology)

Conference Proceedings

Bioefficacy of beta-
cyfluthrin against red
cotton bug, Dysdercus
koenigii (Heteroptera:
Pyrrhocoridae).

125

56

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Effect of dietary stress of
emamectin benzoate on
the survival and feeding
potency of Helicoverpa
armigera (Lepidoptera:

Noctuidae).

126

37

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Phyto-mediated silver
nanocomposites as a
control agent of Aedes
aegypti L.: Optimal
formulation with Citrus
limetta peel extract.

127

58

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Enhanced larvicidal
potential of -
cypermethrin against
Aedes aegypti |. when
synergized with citrus peel
extract.

129

59

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Characterization of
acetamiprid resistance in
the laboratory population

of Aedes aegypti L.

130

60

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Review the Ecology,
behaviour, physiology &
development of
transmission of vector-
borne diseases in urban
areas in Jalgaon,
Mabharashtra.

131

61

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Bio-efficacy of
Achyranthes aspera-
derived silver
nanocomposites against
early fourth instars of
Aedes aegypti L.

133

62

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Knockdown and
Irritability Response to
Deltamethrin in the
Susceptible and
Deltamethrin-resistant
adults of Culex
quinguefasciatus.

134

63

Dr. Sarita Kumar (Zoology)

Conference Proceedings

Effect of Emamectin
Benzoate-induced dietary
stress on the nutritional
performance of American
Bollworm, Helicoverpa
armigera.

135

64

Dr. Monisha Khanna
Kapur(Zoology)

A Closer Look at
Actinomycetes

Metabolic Profiling of
Streptomyces sp. Strain 51
for Detection of Bioactive

Compounds

136
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65 Dr Geetika Kalra (Botany) E-lesson Nutrient Uptake 137
66 Dr Geetika Kalra (Botany) E-lesson Phytochrome 138
67 Dr Geetika Kalra (Botany) E-lesson Physiology of Flowering 139
68 Dr Geetika Kalra (Botany) E-lesson Microbodies 140
69 Dr Yash Mangla (Botany) Plant Reproductive Dynamics of Eco- 141
Ecology: Patterns and evolutionary Forces in
Processes. Tandon et al. Shaping Dioecy
70 | Dr Vineet Kumar Singh (Botany) Plant Reproductive Secondary Pollen 142
Ecology: Patterns and Presentation in Flowering
Processes. Tandon et al. [ Plants
71 | Mr. Manoj Kumar Garg (English) | Easy English Grammar - 143
72 | Mr. Manoj Kumar Garg (English) | English Fluency (Part 1) - 144
73 | Mr. Manoj Kumar Garg (English) English Language - 145
74 | Mr. Manoj Kumar Garg (English) Essential Business - 146
Communication
75 Dr. Deo Datta Arya - A Fuzzy Economic Order 147
(Mathematics) Quantity Model for
Growing Items with
Imperfect Quality
76 Dr. Pankaj Khanna (Chemistry) - Hepatic lipoprotein 148
receptor related protein
modulators as potential
therapeutics for
Alzheimer's disease
(Proc. of *Alzheimer's
Association International
Conference’)
7§ Dr Gagan Dhawan (BMS) Nanobiotechnology: - 149

i

Current and Future
Perspectives in
Combating Microbial
Pathogenesis.
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Govindpuri, Kalkaji, New Delhi-110018

78 Dr Urmi Bajpai (BMS) Conference Proceedings | A new phage consortium 150
hosts its first public
lecture. Capsid & Tail
79 Dr. Sarita Kumar (Zoology) Conference Proceedings Phyto-mediated Silver 153
Nano-composites: Eco-
friendly nano-larvicide
against early fourth instars
of dengue vector Aedes
aegypti L. (Diptera:
Culicidae)
80 Dr. Sunita Hooda (Chemistry) Conference Proceedings | Rhodamine 6G Adsorbed 154
by Eco-friendly adsorbent
Needle — Shaped Chitin
Nanoparticle in Day light.
81 Dr. Sarita Kumar (Zoology) Conference Proceedings | Acetamiprid resistance in 157
Acdes aegypti: Evaluation
of metabolic detoxification
and target site mutations
as defense mechanisms
2020-21
82 Dr. Sharanjit Kaur (Computer Class XII Computer Textbook 158-160
Science) Science
83 Dr. Sharanjit Kaur (Computer Class XII IP Textbook 161-163
Science)
84 Dr. Harita Ahuja (Computer Class XII Computer Textbook 164-166
Science) Science
85 Dr. Harita Ahuja (Computer Class XII IP Textbook 167-169
Science)
86 Dr. Chandra Kanta Samal The Internet of Drones: “Real Time Monitoring 172
(Computer Science) Al Applications for and Analysis of
Smart Solutions Troposphere Pollutants
Using a Multipurpose
Surveillance Drone”
87 Dr. Chandra Kanta Samal Advance Computing “Programmable Joint 173
(Computer Science) Computing Filter For
Low-Power and High-
Performance
Applications™
88 | Dr. Joita Dhar Rakshit (English) Travel Writing Criticism of the British 174-176
Raj in the Writings of
Nineteenth Century British
Women Travellers to India
89 | Mr. Vishal Dhingra (Electronics), | Conference Proceedings Varying sonication 178
Dr. Amit Garg (Electronics) and conditions to tailor surface
Dr. Arijit Chowdhuri (Physics) morphology of GO thin
films for enhanced gas
sensing performance
90 Dr. Sarita Kumar (Zoology) Textbook for Class XII [lustrated Biology 180
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91 Dr. Sarita Kumar (Zoology) Pyrethroids: Exposure, Status of pyrethroid 183
Applications and resistance and mechanism
Resistance in the dengue vector,
Aedes aegypti L. (Diptera:
Culicidae).
92 Dr. Sarita Kumar (Zoology) Advances in Animal Multiple insecticide 186
Science and Zoology, resistance in Culex
Volume 15 quinquefasciatus: Impact
and associated
mechanisms.
93 Dr. Sarita Kumar (Zoology) Advances in Animal Silver nanoparticles with 189
Science and Zoology, mosquito control potential:
Volume 16 Optimal synthesis and
biophysical
characterization.
94 Dr. Sarita Kumar (Zoology) Polymer Nanocomposites Synthesis and green 192
Based on Silver synthesis of nanoparticles
Nanoparticles: Synthesis,
Characterization and
Applications
95 Dr. Sarita Kumar (Zoology) Insect and Vectors-borne Unit 3: Basic 193
Diseases Classification of Class
Insecta.
96 Dr. Sarita Kumar (Zoology) Insect and Vectors-borne Unit 6: Medically 193
Diseases Important Insect Orders.
97 Dr. Sarita Kumar (Zoology) Conference Proceedings Diversity of some 195
pollinator bee fauna vis-a-
vis crop from Delhi.
98 Dr. Monica Misra (Zoology) Practical Manual of - 196
Developmental Biology
99 | Prof. Ravi Toteja & Prof. Seema Text Book of - 199
Makhija (Zoology) Immunology
100 Dr. Vikrant Kumar (Chemistry) Herbs and Spices—New - 201
Processing Technologies.
Syzygium aromaticum:
Medicinal Properties and
Phytochemical Screening
101 Prof. Urmi Bajpai (BMS) Translational - 202
Bioinformatics Methods
for Drug Repurposing.
102 | Dr. Manoj Kumar Singh (Botany) | Waterborne Pathogens Bioaugmentation for the 204

Detection and Treatment
Edited by Majeti
Narasimha Vara Prasad,
Anna Grobelak

treatment of waterborne
pathogen contamination
water' in Waterborne
Pathogens Detection and
Treatment Edited by
Majeti Narasimha Vara
Prasad, Anna Grobelak
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103 | Dr. Manoj Kumar Singh (Botany) | Waterborne Pathogens Biofiltration technique for 205
Detection and Treatment removal of waterborne
Edited by Majeti pathogens, in Waterborne
Narasimha Vara Prasad, Pathogens Detection and
Anna Grobelak Treatment Edited by
Majeti Narasimha Vara
Prasad, Anna Grobelak
104 | Dr. Manoj Kumar Singh (Botany) | Waterborne Pathogens Chemical treatment for 206
Detection and Treatment removal of waterborne
Edited by Majeti pathogens
Narasimha Vara Prasad,
Anna Grobelak
105 Dr. Manoj Kumar Singh, Dr. Energy: Crises, Sustainable Solution for 207
Sumit Sahni, Dr. Anita Narang Challenges and Solutions | Future Energy Challenges
(Botany) Eds. Pardeep Singh, through Microbes'
Suruchi Singh, Gaurav
Kumar, Pooja Baweja
106 Dr. Manoj Kumar Singh, Dr. Energy: Crises, Production of Liquid 208
Sumit Sahni, Dr. Anita Narang Challenges and Solutions Biofuels from
(Botany) Eds. Pardeep Singh, Lignocellulosic Biomass
Suruchi Singh, Gauray
Kumar, Pooja Baweja
107 Dr. Manoj Kumar Singh, Dr. Climate Change and the | Impact of Climate Change 209
Sumit Sahni, Dr. Anita Narang Microbiome Sustenance on Functional AM Fungi
(Botany) of the Ecosphere Eds. in Rhizosphere
DK Choudhary, Arti
Mishra, Ajit Verma
108 Dr. K R Meena (Mathematics) Adjusted Bias and Risk - 210
for Estimating Treatment
Effect after Selection
with an Application in
Idiopathic Osteoporosis
109 Gurudatt Rao Ambedkar Conference Paper Optimizing EOQ Model 211
(Mathematics) for Expiring Items with
Stock selling and Life time
Dependent demand under
inflation
110 Narayan Singh (Mathematics) Conference Paper Determination of the 212
system cost with two level
permissible delay and cash
discount for retailer in a
three echelon supply chain
system
2021-22
111 | Prof. Seema Gupta (Chemistry) | Nanomaterials: Evolution Hydrogels for Drug 213
Advancement Towards Delivery
Therapeutic Drug
Delivery
112 Prof. Urmi Bajpai Bacteriophages: - 217
(Biomedical Science) Interaction, Diversity and
Applications:
Bacteriophages in the
Treatment of Biofilms
113 Prof. Gagan Dhawan Nanotechnology for - 218

(Biomedical Science)

Infectious Diseases :
Understanding the
pharmacology and

pharmacotherapeutics for
infectious diseases
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114 Dr Ritu Khosla Concepts in - 220
(Biomedical Science) Environmental Studies
115 Prof. Sarita Kumar (Zoology) - Growth regulatory and 221
fitness cost studies in
Aedes aegypti on exposure
to diflubenzuron, an insect
growth regulator
116 | Prof. Sarita Kumar (Zoology) Ilustrated Biology — - 222
Textbook for Class X1
117 Prof. Sarita Kumar (Zoology), Characterization of - 227
Prof. Sunita Hooda (Chemistry) mesoporous materials.
118 Prof. Sarita Kumar (Zoology) Textbook for - 230
Undergraduate courses
on Fundamentals of
Environmental Studies —
Reprint
119 Prof. Charu K Gupta (Botany) Reproductive Biology of - 231
angiosperms
120 Dr Sandeep Kumar Goel Unit-5: Capital - 233-234
(Commerce) Budgeting — An
Introduction
121 Dr Sandeep Kumar Goel Unit-6: Techniques of - 233-234
(Commerce) Capital Budgeting — I
122 Dr Sandeep Kumar Goel Unit-7: Techniques of - 233-234
(Commerce) Capital Budgeting —II
123 Dr Sandeep Kumar Goel Unit-8: Capital - 233-234
(Commerce) Budgeting under Risk
and Uncertainty
124 | Prof. Pankaj Khanna (Chemistry) Graphene-Based - 237
Nanomaterial Catalysis:
Graphene Based
Nanomaterials as
Catalyst in Reduction
Reactions
125 | Prof. Pankaj Khanna (Chemistry) | Advanced Nanocatalysis - 240
for Organic Synthesis
and Electroanalysis :
Nanocatalysis for
Reduction/Hydrogenation
Reactions
126 Prof. Dinesh Arya New Horizons in Life - 241

(Chemistry)

Science : The Impact of
Climate Change on
human health in India:
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127 Prof. Dinesh Arya New Horizons in Life - 242
(Chemistry) Science : Biological and
Physical Applications of
Silver Nanoparticles
128 Prof. Sunita Hooda Chemical Warfare Chapter 20, In Press, Dec. 243
(Chemistry) Agents : Metal-Organic
Frameworks (MOFs) as
Versatile Detoxifiers for
Chemical Warfare
Agents (CWAs)
129 | Ms Bhawna Kaushik (Chemistry) Applications of - 244
Advanced Green
Materials :
Nanostructured
Inorganic-organic silica
as green
material for sustainable
development of catalysts
130 | Prof. Arijit Chowdhuri (Physics) - “Varying sonication 253
conditions to tailor surface
morphology of GO thin
films for enhanced gas
sensing performance™—
Vishal Dhingra, Shani
Kumar, Arijit Chowdhuri,
Amit Garg.
131 | Prof. Arijit Chowdhuri (Physics) Lecture Notes in CdS-Sn0O2 Nanocomp 254
Electrical Engineering osite Sensor for Room
886 Temperature Detection of
NO2 Gas.
132 Dr Siddartha (Physics) Opening of Charitable - 255
Isolation Center For
COVID-
19 Patients in the vicinity
of slums %) 2
In South Delhi Sges ey . B
133 | Prof. Sarita Kumar (Zoology) TestFit — Biology - o "‘-‘@Z:: ””6‘;‘5;:&{”?0 ;
l{'e‘w;ts?sh 5.5"??3-'!;,-\
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134 Ms Anupama Rastogi Research Analog : - 259 e "’3;:
(Mathematics) Wealth Creation and
Expected Pension in
National Pension Scheme
135 Rajesh Chaudhary (BMS) Unit 4 : Dietary - 262
Carbohydrates and
Health
136 Rajesh Chaudhary (BMS) Dietary Fats and Health - 264
137 Rajesh Chaudhary (BMS) Dietary Proteins and - 266
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Introduction

Influenza A virus is major respiratory pathogen responsible for
causing highly contagious and acute respiratory disease. It belongs
to the family of RNA viruses “Orthomyxoviridae” and has a 13.5kb
genome with eight single-stranded (ss) RNA segments. These
negative-sense ssSRNA segments encode eleven proteins: HA, PBI,
PB2, PA, NP, NEP, M1, NA, NS1, M2 and PB1-F2. HA protein
facilitates entry of virus in the host cell, polymerase subunits PB1, PB2,
PA and NP (nucleoprotein) assist in replication and transcription of
viral RNAs. Nuclear export protein (NEP/NS2) and matrix protein
(M1) plays a role in export of viral nucleoprotein from the nucleus
to cytoplasm and their assembly into virion at plasma membrane.
The NA protein assist in the release of virus from infected cells and
NS1 protein acts as interferon antagonist inhibiting the host immune
response. M2 protein is an integral part of viral envelope, forming pH
regulated and highly sensitive proton conducting channels, essential
for viral replication. PB1-F2 protein is an important determinant
of virulence of influenza virus, increases the severity of secondary
bacterial infections and also induces apoptosis [1].

In Influenza A virus, aquatic birds act as natural reservoir but
it has the ability to infect variety of hosts like birds, human beings
and swine [3]. Due to segmented nature of the genome, influenza A
virus has high variability thereby undergoing re-assortment when a
cell is infected with more than one virus [4]. This process of genetic
reassortment results in generation of novel strains of influenza
virus thus preventing the acquired immune response from previous
infections, leading to recurrent epidemics and global pandemics.

Influenza virus pandemics have been defined as global outbreaks

of the disease due to emergence of viruses with new antigenic subtypes.
There have been four pandemics: the 1918 Spanish influenza, the
1957 Asian influenza, the 1968 Hong Kong influenza and the 2009
Swine influenza, resulting in more than a million deaths [5]. Between
these episodes of pandemics, there have been various epidemics of
grave severity. Influenza pandemics and epidemics are initiated by
the introduction and successful adaptation of antigenic variation in
the surface glycoproteins, Hemagglutinin (HA) and Neuraminidase
(NA) assisting the virus in evading the host immune response [6,7].
On the basis of sequence analysis, a total of sixteen HA (H1-H16)
and eleven NA (N1-N11) have been identified, combination of which
results in major outbreaks [3]. The variation in viral genome occurs
either as a result of minor antigenic changes over a period of time,
facilitating escape from the existing immune response, known as
“antigenic drift”, producing outbreaks of seasonal flu or by sudden
major change in the genome as a result of genetic re-assortment
where the genomes of two different strains of viruses are re-assorted
creating a novel viral strain, process known as “genetic shift” [8]. The
outbreaks of seasonal influenza are the result of frequent anti—-genic
drift, however in case of genetic shift, if the novel strain has virulence
for human; it may give rise to pandemic situation, since humans are
unlikely to generate appreciable immune response against the new
virus.

Earlier FDA had approved the drugs Amantidine and Rimantidine
(M2 proton-selective ion channel protein inhibitors), but these drugs
are abandoned for treatment owing to the high resistance (>99%) of
Influenza A (H3N2, HIN1’09) virus for these drugs (CDC) Existing
influenza treatment is limited to neuraminidase inhibitors and
increasing number of drug resistance cases against these inhibitors
has been reported which is serious matter of concern [9]. The
most efficient treatment for influenza virus infection is through
vaccination, thereby reducing the impact of pandemic influenza
[10]. The currently approved vaccine provides an effective counter-
measure against influenza virus, but they provide humoral immunity
against the surface antigen, which often undergoes antigenic drift.
Hence, these vaccines need to be reformulated annually in order to
generate immune response against the specific strain of virus that is
predicted to circulate in the next season, which is a major limitation
[11].

Bacterial Infections

Influenza usually does not advance to death in healthy children
and adults, however serious sequelae can occur with secondary
or co-infection with bacterial pathogens, especially in immune-
compromised individuals with chronic health conditions like
respiratory ailment, cardiac disease etc. Bacterial associated
pneumonia is the most common source of increased mortality during
the pandemic season. Bacterial pathogens may infect concurrently
with the viral infection, the co-infection results in pneumonia thereby
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increasing the severity of disease. Bacterial infection may also occur
after the influenza virus has been cleared from lungs, and the host is
more susceptible to secondary infections [12]. Secondary infections
are facilitated by influenza-associated impairment of immune
system, caused by enhanced release of inflammatory cytokines or by
decreasing the ability to clear bacterial infections.

Clinicians now have several ways to alleviate pneumonia through
vaccines, antibiotics and antiviral therapies, thereby contributing
to decreasing the burden of disease globally. It has been observed
that influenza and pneumococcal vaccine in synergy, reduced
hospitalization due to influenza and pneumonia significantly [13]. In
the cases of suspected invasive bacterial infection, early initiation of
antiviral therapy and appropriate antibiotics should be administered
to increase the efficiency of the treatment.

These measures however have limitations, which restrain their
effectiveness. The over usage of antibiotics to combat bacterial
infections, has contributed severely to the antibiotic resistance
with evidence that MRSA (Methicillin-resistant Staphylococcus
aureus) infections is responsible for increase in morbidity and
mortality, especially among the children diagnosed with influenza
[14]. Limitations include the delay in production of vaccines and
stockpiling of antiviral and antibacterial drugs [15].

Pandemics
1918 H1N1 Pandemic

The 1918 Pandemic “Spanish flu” remains unprecedented in terms
of severity, killing about 50-100 million people globally, hence often
known as “mother of all pandemics” [16,17]. The causative organism
was the HIN1 subtype of Influenza A virus with avian ancestral
source. It was highly intriguing how the viruses of avian origin
adapt to mammalian hosts and infect such different cell types. The
examination of genome revealed the possibility of de novo adaptation
of the avian virus by parallel evolution of genes in a novel (human)
host [18]. The pandemic is believed to have originated from china and
occurred in three waves, starting from a mild wave in spring season,
followed by the most catastrophic and severe wave in fall and then
the final mild wave in winter of 1918-1919 [19]. Pandemic reached
Indian subcontinent through Bombay, thereby spreading North and
south simultaneously, increasing the death toll to 10-20 million (38%
of global mortality), making India the worst affected country in terms
of mortality [16,19,20].

Although there were various theories regarding the severity
of 1918 pandemic, the experts reached a consensus that the high
mortality rate was due to secondary infections caused by bacterial
pathogens (pneumococci, streptococci, staphylococci) colonizing the
upper respiratory tract [21]. Experts believed that bacterial invaders
infected in sequential manner, after the influenza virus cripple
the pulmonary tissue [22]. Most commonly identified bacteria in
the pandemic patients were S. pneumoniae, S. pyogenes and less
commonly S. aureus and H. influenzae [23]. One of the most puzzling
features of 1918 Pandemic was the W-shaped Influenza mortality
curve with unusual burden among the young adults (healthy
population between 20-40 years), instead of the usual U-shaped curve
[6,18,24].Various reports have shown that the increased mortality in
otherwise healthy young could be contributed by the excessive release

of pro-inflammatory cytokines (IL-6, IL-8) and tumor necrosis factor
(TNF-a) [25-27].

Another reason for the devastation by 1918 pandemic could be the
rudimentary health practices with limited knowledge about disease
prevention and control. The development of antivirals, vaccines
and antibiotics to treat the secondary infections were still decades
away, hence efforts to control the outbreaks were restricted to Non-
Pharmaceutical Interventions (NPIs), which included quarantine,
prohibition of public gatherings and use of facemasks [28].

Spanish flu is still believed to be the worst public disaster in the
history, killing millions of people. However, it brought to light the
urgency to improve the public health care conditions across the globe,
which led to major advancements in medical sciences, awareness and
better preparedness for such un-anticipated outbreaks.

1957 H2N2 Pandemic

After almost 40 years of Spanish flu, a novel strain of Influenza
virus (H2N2) of avian origin, emerged in China in February 1957, and
gave rise to a pandemic situation, killing around 500,000 to 2 million
people worldwide [29]. After spreading across China, the Asian flu
progressed to Singapore, Japan and Taiwan before traversing across
the globe. The H2N2 strain was the product of re-assortment between
the circulating human virus that introduced N2 and avian virus
with H2 HA, as revealed from phylogenetic studies [1,30]. As with
Spanish Flu, H2N2 virus would reappear in successive waves, second
one being more severe than the previous one [31]. Asian flu reached
India in May 1957 through the port of Madras, thereafter spreading
throughout the country, leading to the death of about 1098 people
from May 1957- February 1958 [32].

The Asian influenza had similar characteristics of increased
deaths due to bacterial pneumonia with S. aureus, H. influenza and S.
pneumoniae being the major pathogens that were isolated [21,22]. The
Influenza mortality curve shifted towards younger age group, similar
to 1918 Pandemic, suggesting the presence of pre-existing antibodies
in elderly from the prior exposure [33]. By the time of Asian flu,
global surveillance was used to determine the disease burden through
a network of laboratories worldwide, linked to Influenza Research
Center based in London [34]. After the catastrophic effect of Spanish
flu, several measures were taken in the field of influenza research
to be better prepared for such unforeseen situations, although the
expertise was still inadequate. The 1957 pandemic was the first event
to study the response of vaccination in large population that has not
been exposed to the novel H,N, strain of virus, but did not have a
significant impact due to limited supply [35]. Antibiotics reduced the
disease burden due to secondary bacterial infection; however they
were not effective against viral infections [34]. The usage of non-
pharmaceutical interventions was minimum and the antivirals were
yet to be developed [36]. Asian flu, though mild pandemic, emerged
as a reminder of persisting global threat of Influenza virus.

1968 H3N2 Pandemic

A decade after its emergence, Asian flu underwent genetic re-
assortment between human and avian strain via antigenic shift, giving
rise to a novel H3N2 strain and triggering a new pandemic situation
known as Hong Kong flu. Even though this strain of virus was highly
contagious leading to rapid dissemination globally, it was still milder
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than Asian flu with the mortality estimates of 500,000 to 2 million
deaths worldwide [29]. After being first reported in Hong Kong
in July 1968, it spread throughout Asia before reaching west coast
of United States in August, England and Australia by September,
Canada in December and France by January 1969 [30,33]. The H3N2
virus reached Madras, India in September from Singapore followed
by the reported decline in influenza activity during end of November
and December in Madras. It gradually spread to entire Indian
subcontinent with the appearance of most severe manifestation
among children [37].

A characteristic shift in mortality curve was observed with highest
fatality cases being reported among the children and elderly, forming
a U-shaped mortality curve [38]. Similar to previous pandemics,
it spread in two successive waves but the distinctive feature of this
pandemic was that the number of associated deaths in the two waves
varied with geographic location, with United states and Canada
being more affected by the first wave, whereas Europe and Asia by
the second wave, thereby following a smoldering pattern [33]. The
relative amelioration of infection rates can be the consequence of the
pre-existing antibodies to neuraminidase antigen (N2), similar to its
antecedent Asian flu (H2N2) strain.

The foremost complication during the Hong Kong pandemic was
pneumonia (associated with Influenza and staphylococcus), but due
to advances in the field of antibacterial therapies, the mortality rate
was higher from primary influenza associated pneumonia rather than
in synergy with secondary bacterial infections [22,38]. Similar to the
other infective parts of the world, in India the pandemic was relatively
mild with few complications like pneumonia, bronchopneumonia,
streptococciand staphylococcusisolation from sputum, gastrointestinal
symptoms etc. [37]. Due to less severity and low mortality rates, the
control measures ascertain the use of vaccines and antibiotics in
the case of secondary bacterial infections (pneumonia), rather than
more costly non-pharmaceutical interventions [39]. The vaccines
were developed against the circulating virus but were made available
only when the pandemic had peaked indicating towards the lack of
progress in healthcare strategies from 1957 Asian flu pandemic [40].

2009 HIN1 Pandemic

The HIN1/09 virus commonly known as swine flu, emerged
in April 2009 with Mexico being the epicenter and was declared as
the first global pandemic of 21st century on 11 June 2009 by WHO
[3,6,8]. Swine flu is believed to be the fourth generation descendant of
Swine flu that was first described in 1918 and emerged from the triple
re-assortment between human, swine and avian influenza A virus
to form the HIN1/09 pandemic strain [3,6,31]. After the pandemic
declaration, national pandemic preparedness plans were put in
motion globally, which included the use of antiviral therapy, disease
alleviation and treatment [41]. The virus spread at unprecedented
speed across the world with the mortality estimates of 575,000. Similar
to the previous pandemics of 20" century, the swine flu exhibited
the wave pattern of dissemination, which varied geographically. For
example in North America, the pandemic had a two-wave behavior
with the peaks being observed during spring-summer and fall [42]. In
India however three wave patterns was observed, with peaks during
September 2009, December 2009 and August 2010 [43]. The index
cases in India were identified from Pune, which soon spread to the

entire nation [44].

The characteristics of Influenza HIN1/09 were similar to the
seasonal influenza, infected individuals became more prone to
underlying conditions, which further exacerbated the infection
and increased the number of cases requiring hospitalization [45].
Complications seen in the patients included bacterial and viral
pneumonia, asthma, lung and heart disease etc. Pneumonia caused by
secondarybacterial infectionsandacuterespiratory distress syndromes
were the major cause of serious complications and mortality during
1918 Spanish flu [21,46]. Bacterial co-infections also played a major
role in fatal cases of HIN1/09 pandemic with the S. pneumonia being
most prevalent, followed by S. pyogenes, S. aureus (MRSA), S. mitis,
H. influenzae being isolated from lung specimen of fatal cases [47].
Similarly in India, the severity of pandemic was associated mainly by
secondary infections, like primary viral pneumonia and secondary
bacterial pneumonia along with exacerbation of other chronic health
conditions [48]. Apart from secondary bacterial infections, there
were reports of viral co-infection leading to further exacerbation of
the disease. The respiratory viruses like RSV, rhino virus, corona
virus, metapneumovirus, parainfluenza co-infected the pandemic
HINI cases, increasing the severity of the disease [22]. There was
a shift in mortality curve, with the younger populations (children,
young adults and pregnant women), being worst affected because
the elderly are more likely to contain neutralizing antibodies from
previous exposure to HIN1 virus [49,50].

Since its emergence, HIN1/09 virus was more susceptible to
antivirals that were neuraminidase inhibitors (oseltamivir, zanamir)
and resistant to adamantanes (amantadines, rimantadines). The
antivirals were found to be most effective in patients with severe
influenza illness and reducing secondary bacterial infections, when
started within 48 hours of the onset of symptoms [22,50]. In the area of
limited antiviral availability, the decision to start the antiviral therapy
was based clinicians judgment, as the patients with mild symptoms
did not require the antivirals unless they are at the risk of associated
complications [46]. Clinician also prescribed antibacterial drugs in
case bacterial co-infection was suspected, taking into account the data
regarding the frequency of pathogen isolated during the cases of co-
infection [3]. The alternative mode of treatment was vaccines, which
were developed within 6 months and were the best tools to prevent
the unforeseen spread of pandemic. Two types of vaccines were
developed which were approved by FDA, adjuvant and non-adjuvant,
both of which were safe and immunogenic, hence used widely during
2009 Pandemic situation.

The overall response to 2009 pandemic situation displayed
a significant improvement in the preparedness plans by better
surveillance schemes to ensure rapid detection and response to
pandemics [50]. In comparison to previous pandemics, the pandemic
of the 21* century was dealt with combined use of vaccines and
antivirals, which undoubtedly reduced the morbidity and mortality.
The non-pharmaceutical interventions like hand hygiene, isolation of
symptomatic individuals, played an important role in containment of
influenza pandemic [51].

Opverall, the 2009 pandemic were mild but it caused a major socio-
economic burden, which was more comprehensively documented
than previous pandemics of last century. Though it reinforced
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optimism about better preparedness, but the cost-effectiveness of the
healthcare facilities were still a matter of concern.

Conclusion

Influenza pandemics are one of the major threats to the world
because of their high morbidity and mortality. The influenza related
mortalities are mostly not due to primary viral infection but due
to secondary viral and bacterial pneumonia. Hence, strategy for
prevention of future pandemics should give emphasis on the control of
both bacterial and viral associated community acquired pneumonia.
Another measure for better preparedness could be easy accessibility
to antivirals, antibiotics and vaccines, hence priority should be given
to better infrastructure facilities for rapid production of vaccines,
stockpiling of antivirals and antibiotics. In addition to this, better
sanitation and improved nutritional status of the society will go along
way in controlling the disease. The mortality surveillance plans would
be helpful for better understanding of disease burden of influenza,
the pathogens contributing to the mortality and the most vulnerable
age group. It shall be helpful in designing more specific preventive
strategies and thereby reducing the catastrophic effects of influenza.
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Abstract. Predicting influencers is an important task in social network
analysis. Prerequisite for understanding the spreading dynamics in on-
line social networks, it finds applications in product marketing, promo-
tions of innovative ideas, constraining negative information etc.

The proposed prediction method IPRI (Influence scoring using Posi-
tion, Reachability and Interaction) leverages prevailing hierarchy, inter-
action patterns and community structure in the network for identifying
influential actors. The proposal is based on the hypothesis that capac-
ity to influence other social actors is an interplay of three facets of an
actor viz. (i) position in social hierarchy (ii) reach to diverse homophilic
groups in network, and (iii) intensity of interactions with neighbours.
Preliminary comparative performance evaluation of IPRI method against
classical and state-of-the-art methods finds it effective.

Keywords: k-truss * Hierarchy - Topology - Community - Interaction

1 Introduction

Predicting influential spreaders in Online Social Networks (OSNs) is an impor-
tant task because of the critical role they play in dissemination of information.
The task is also crucial for accelerating the spread of positive vibes and blocking
cascade of negative vibes in highly linked contemporary society [1,11].

Early methods for finding influencers in networks were based on classical cen-
trality measures and their variants [2,6,11]. Prediction quality of these methods
leaves much to be desired due to limited view of node attributes they take into
account and network topology they scrutinize. Taking cues from the real-world,
researchers have considered intensity of interactions between individuals for iden-
tifying influential nodes [8,9]. Number of links of an actor in diverse communities
provides a unique vantage point in aiding spread of information. Method pro-
posed in [16] exploits this idea and uses community structure in addition to
weight of links to identify influential nodes. Role of hierarchy in influence spread
is admitted and shown to be effective in [6,12].

© Springer International Publishing AG 2017
L. Bellatreche and S. Chakravarthy (Eds.): DaWaK 2017, LNCS 10440, pp. 383-390, 2017.
DOI: 10.1007/978-3-319-64283-3_28
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These state-of-the-art methods for finding influencers consider only one facet
of the network at a time, and hence overlook the advantage of interplay of three
facets mentioned above. In this paper, we address the research gap by exploiting
the synergy between community structure, network hierarchy and intensity of
interactions with neighbours for spreading influence, and demonstrate improve-
ment over existing methods for prediction of influencers in OSNs.

1.1 Contributions and Organization

In this paper, we introduce a novel scoring method IPRI (Influence scoring using
Position, Reachability and Interaction) for identifying influencers by capitalizing
on the underlying hierarchy and prevailing homophilic groups in the network.
We highlight the contributions of our work below.

i We perform decomposition of the network using k-truss method to capture
network hierarchy and to approximate homophilic groups instead of using
computationally expensive community detection method (Sect. 3).

ii. We capture complex interplay of network hierarchy, prevailing community
structure and interaction patterns to differentiate between spreading ability
of individuals in social networks (Sect. 4).

iii We evaluate the proposed method (IPRI) using three publicly available net-
works and compare results against classical and state-of-the art methods
(Sect. 5).

2 Related Work

We briefly describe recent approaches that use network topology for identifying
influential spreaders in OSNs.

Kitsak et al. have demonstrated that influential spreaders are located in the top
hierarchical level of the network where levels are identified using k-core decom-
position method [6]. Researchers have extended k-core method to identify bet-
ter spreaders by incorporating neighbourhood coreness [3] and considering 2-step
neighbourhood [10]. Approaches using k-core decomposition are inadequate for
fine-grained differentiation since they assign same rank to multiple nodes.

Rossi et al. [12] further refine the set of influential nodes by using k-truss
decomposition method to consider position in hierarchy for detecting influen-
tial spreaders. It is also shown in [6,13] that influential nodes are not always
part of bigger neighbourhood. However, these works do not utilize diversity in
neighbourhood contacts to capture node’s influence.

Recently, researchers have shown that diverse groups in OSNs affect spread-
ing capability of individuals. Extended Pagerank algorithm for finding influ-
encers incorporates broadness of user’s inter-community links to capture diver-
sity of neighbours [16]. However, importance of each identified community is not
used in capturing influential spreaders. Liu et al. [9] proposed Trust-Oriented
Social Influencers method based on social relationships, trust and similarity pref-
erences between individuals using meta-data.
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The proposed method IPRI overcomes limitations of existing methods by
incorporating network hierarchy, community structure, and intensity of interac-
tions to discover influential spreaders.

3 Preliminaries

In this section we present the formal notation used in the paper, and briefly
describe k-truss decomposition method.

We represent an online social network (OSN) as simple, undirected, unsigned,
edge-weighted graph G = (V, E,W) - a triplet formed by (i) finite set of ver-
tices/nodes V, (ii) set of edges E € V x V, and (iii) an edge weight matrix
W :V xV — Rx¢. Here V models individuals, and |V| (= n) denotes number
of individuals in network. Edge e;; € F models link between individuals v; and
v; (vi,v; € V), and |E| (= m) denotes number of edges. Weight w;; (in W) of
edge e;; quantifies the extent of interaction between v; and v;. Degree d; of v;
is the number of edges incident on it.

Concept of k-truss of graph G was proposed by Cohen [5] as a method to
hierarchically decompose G into dense subgraphs with specific properties. We
briefly explain k-truss decomposition method and related terminology here.

Definition 1. A maximal subgraph, G = (Vi,Ep, W) of G=(V,E,W),
induced by set Vi, C V and Ey = {ejjlei; € Vi x Vi} is a k-truss, iff each
edge in Gy, is reinforced by at least (k-2) pairs of edges making a triangle with
that edge.

Informally, a k-truss is a maximal subgraph, in which every edge participates
in at least (k — 2) closed triads. The decomposition method produces a nested
hierarchy of subgraphs where subgraphs at higher levels represent denser regions
of GG. Based on decomposition, definition of trussness of an edge, adapted from
[14], is given below.

Definition 2. Trussness t;; of e;; € E has value k, iff e;; € G Nejj ¢ Gry.

The naive k-truss algorithm iteratively removes those edges from G which are
not part of (k — 2) triangles, until no more edges can be deleted. All the leftover
edges in the reduced graph are part of minimum (k — 2) triangles and hence,
form a k-truss. We use an elegant in-memory k-truss decomposition algorithm
proposed by Wang et al. [15]. This algorithm has time complexity O(m!%) and
space complexity O(m + n), making the algorithm scalable.

4 Influence Scoring Using Position, Reachability
and Interaction

The proposed influence scoring method (IPRI) hypothesises that a node at high
position in hierarchy, with strong ties and connectivity to large number of com-
munities has high spreading power. The proposed influence scoring method is
detailed in following sections.

sharanjitkaur@andc.du.ac.in
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4.1 Trussness Based Hierarchical Decomposition

Use of k-truss decomposition method layers out G in hierarchy, thereby exhibit-
ing demarcation among levels in network hierarchy. Trussness t;; of edge e;;
indicates number of common neighbours of endpoints of the edge. We define
below the trussness 7; of a node v; € V.

Definition 3. The trussness 1; of node v; € V is the mazximum trussness of
edges incident on it, i.e. 7, = max(t;;).
J

Fig. 1. k-truss decomposition of a toy network with 14 nodes and 28 edges. Vertices
and edges with same trussness bear the same colour. Edges are labelled with their
trussness. (Color figure online)

High value of trussness indicates occurrence of node in locally dense region
of G. Nodes with same trussness actualize a tightly knit group and approximate
a homophilic group binding individuals with similar connection patterns. As
an example, we show hierarchical structure of homophilic groups obtained by k-
truss decomposition of a toy network. Figure 1 shows nodes and edges with same
trussness marked with same colour. All 5 nodes coloured green share similar
characteristics of being a member of at least 3 triangular associations.

4.2 Positional Index

Network hierarchy reveals positional information of nodes in network. Trussness
of a node obtained by hierarchical decomposition of the network proxies for its
position. Higher level is indicative of larger neighbourhood span that aids wider
spread of information.

Definition 4. Positional Index of node v; in G is equal to its trussness 7;.
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4.3 Reachability Index

Each truss level in G represents a tightly-knit homophilic group and hence can
be approximated as a community. A node having connections with more truss
levels has higher reachability in terms of information propagation, compared to
a node having connections with fewer truss levels [13,16].

We quantify a node’s reach to diverse communities as the entropy of the
trussness of its neighbours. Entropy is maximum when all neighbours have dis-
tinct trussness and minimum when all neighbours have same trussness. Let V; be
the neighbour set of node v;. We define the probability of an arbitrary neighbour
of v; having trussness k as

_ZNY I(r; = k)
pi(k) = T (1)

where [ is an indicator function. The reachability index p; of node v; quantifies
its accessibility to different communities and is formally defined below.

Definition 5. The reachability index p; of v; is computed as

M
- kZ pi(k) log, pi (k)
c=2
log, M

pi = (2)
where M indicates the number of hierarchical levels in G. We normalize the
entropy to ensure 0 < p; < 1.

4.4 Interaction Index

It is accepted that a node with high degree centrality may not necessarily be effi-
cient in spreading information/influence [6]. Interestingly, propagation of infor-
mation is governed not only by the strength of interaction with neighbours
(wsj,Yv; € N;), but also by the strength of interaction with 2-steps neighbours
(wjk,Yv; € N; ANv, € N;). This 2-steps neighbourhood of node v; is sufficient
for spreading its influence globally [10]. Based on this observation, we use local
structure of a node’s neighbourhood to determine its ability to spread its influ-

ence. The strength w; of node v; is computed as wj = ) wj,. The interaction
vg€EN;
index p; of node v; is formally defined below.

Definition 6. The interaction index p; of v; is the sum of strength of neighbours
scaled by their respective positional index and is computed as

Pi = Z Wi * Tj (3)

UjEN,‘,
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4.5 Influence Score

Influence score which indicates the ability of an individual to spread information
is a real-valued function ¥ : V. — R™T. It is the aggregation of positional index,
reachability index and interaction index of a node using a multiplicative function.

U=Txpx (4)

The score is indicative of the power to influence other users in the network.
Higher the score, more is the influence it exerts on others.

5 Experimental Analysis

The proposed IPRI method is implemented® in Python (32bits, v 2.7.3) and
is executed on Intel Core 15-3201M CPU @2.50 GHz with 8 GB RAM, running
UBUNTU 12.04. Preliminary experiment study is designed to answer the fol-
lowing questions:

— Do influential spreaders predicted by IPRI spread information more widely
compared to other measures in simulation tests conducted using SIR epidemic
model? (Sect.5.1)

— Is ranking delivered by IPRI effective in terms of fine grained discrimination?
(Sect. 5.2)

5.1 Investigation Using SITR Model

Following previous similar works [3,6,8,12], we perform comparative evalua-
tion of IPRI using SIR epidemic model [4]. SIR model is an artificial stochastic
epidemic model in which nodes can be in one of three states: Susceptible (S),
Infected (I), or Recovered (R). A small number of nodes are infected initially. At
each time step, infected nodes infect their neighbours with probability 5 (infec-
tion rate) and recover with probability v (recovery rate). Spreading process
ceases when no more nodes can be infected. Spreading ability (SA) of the initial
set of infected nodes is quantified as the percentage of nodes infected during
spreading process.

We report comparison results using three large real-worlds networks [7] shown
in Table1, along with network features. We compare IPRI with a classical
measure - degree centrality (DC) and three recent influencer prediction measures -
k-core (KC), k-truss (KT), Trust-Oriented Social Influencers (TOSI). Follow-
ing [6], we set v = 0.8 and 3 as 1/A1, where \; is the largest eigenvalue of the
adjacency matrix of the network.

For each compared measure, top 20% nodes are taken as initial spreaders and
100 simulations of SIR model are run to capture the average spreading ability
(SA) of top-rankers. Figure 2a shows average SA for each measure for three
networks. It is clear from the figure that spreading ability of IPRI is higher
than competing methods for CollegeMsg and WikiVote networks. For Epinions
network it is marginally better.

! Python code for implemented measures is available on GitHub.
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Table 1. Structural properties of networks. k - Average degree, kmaz- Maximum
degree, gcc - Global clustering coefficient, L - Number of truss levels, 3 - Infection
rate (as in [6]).

Network n m k kmaz |gcc | L | B

CollegeMsg | 1899 | 59835 |63.02 | 1546 | 0.05| 60.0026
WikiVote 7115 /103689 | 29.15| 1167 | 0.12 | 22 | 0.0067
Epinions 75879 | 508837 | 13.41 | 3079 | 0.06 | 32 | 0.004
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(a) Spreading ability averaged over (b) Monotonicity of ranks

hundred runs

Fig. 2. Results of experimental evaluation of IPRI.

5.2 Monotonicity

In order to capture the uniqueness in ranks assigned by various measures, we
quantify fraction of ties in ranks using monotonicity measure defined in [3].
Let R be the vector of ranks assigned to n vertices of G by a measure, then
monotonicity M (R) of ranks is defined as below:

an(nr —1)72
M(R) = |1 - —————— 2= 1) ] (5)

where n,. is the number of ties with rank r. If there are no ties in R, monotonicity
is 1, and if all ranks are same, then monotonicity is 0. Figure 2b shows monotonic-
ity of all predictive measures on three datasets. It is clearly visible that the pro-
posed method IPRI and comparative measure TOSI are equally good for fine
grained discrimination between spreading power of nodes. However, compara-
tively low spreading ability of TOSI top-rankers (Sect. 5.1) establishes IPRI as
relatively better predictor of influencers.

6 Conclusion

The proposed influence scoring method (IPRI) uses position of the actor in
network hierarchy, intensity of his interactions with neighbours and extent of
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his connectivity in different communities to predict influential spreaders. Use of
k-truss method confers dual advantage of revealing hierarchy and homophilic
groups (approximate communities) in the network, making computation effi-
cient. Preliminary experimentation with publicly available real social networks
establishes effectiveness of IPRI scores in terms of wider spread of information
and fine grained discrimination as compared to classical and state-of-the-art
influencer detection methods.
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Chapter 3

PROTOZOA: CILIOPHORA (CILIATES)

JASMINE PURUSHOTHAMAN!*, BINDU L2, SEEMA MAKHIJAS3,
RAVI TOTEJA3, RENU GUPTA*

ABSTRACT

Ciliates are one of the important members in the eukaryotic microbial community.
In order to better understand the distribution pattern of freshwater ciliates in
India, a comprehensive literature review was done and compiled the current
status of ciliates diversity in India. Altogether 106 species of ciliates belonging to
58 genera and 36 families are described from the fresh water ecosystems of India
so far. Majority of the species reported from India belongs to family Oxytrichidae.
It is concluded that extensive research should be made to assess the seamless
diversity of this less studied microbes.

Key words: Protozoa, Ciliates, Freshwater

INTRODUCTION

Protozoans (ciliates and flagellates) are the main components of the “microbial
loop”, which is a distinct and important element of the trophic food web in aquatic
ecosystems (Azam et al., 1983). Free living ciliates are an important intermediate
link between primary producers and higher trophic levels in every estuarine and
marine ecosystem (Zingell et al., 2007). They prey on autotrophic and heterotrophic
pico and nano plankton and are preyed upon by larger zooplankton and contribute
to the remineralization and cycling of nutrients (Blomqvist et al., 2001; Ventela et
al., 2002).

The role of ciliates as an important component of the microbial loop in
freshwaters is widely recognized (Wiackowsi et al., 2001). Ciliates are a significant
trophic link in energy transfer from heterotrophic (bacteria) and autotrophic
picoplankton to the higher consumers (Zingell et al., 2007) and play a significant role
in energy transfer and nutrient remineralization in aquatic environments (Cleven
& Weisse, 2001). Ciliates are an essential food source for rotifers, cladocerans and
copepods (Jack and Gilbert, 1997) and some fish larvae, for example the guppy
(Poecilia reticulata) larvae, can use ciliates as food in their early life stages (Lair
et al., 1994). The importance of the microbial loop is greater in oligotrophic than
eutrophic lakes, although, Weisse et al., (1998) demonstrated that almost 50% of
carbon passed through the microbial loop in ameso-eutrophic lake.

*Zoological Survey of India, Head Quarters, Protozoology Section, Kolkata
2700logical Survey of India, Marine Biology Regional Centre, Chennai, India
3Acharya Narendra Dev College, University of Delhi, New Delhi, India
4Maitreyi College, University of Delhi, New Delhi , India
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Many protozoan species can be considered as a highly valuable bioindicators
in water quality analysis due to rapid growth, high turnover rates and short
generation times which allow protozoan communities to respond quickly to
changing environmental conditions (Berger et al., 1997). Ciliates are important for
the water industry because they can accelerate the process of water clarification by
consuming bacteria, and their identification and quantification permit to rapidly
assess the water quality (Curds & Cockburn, 1970; Al-Shahwani & Horan, 1991,
Curds, 1992; Silva & Silva-Neto, 2001).

Ciliates are also used as bio indicators in rivers, lakes and waste waters.
Foissner & Berger (1996) listed 300 ciliate species which can be used as bio
indicators. Occurrence of the ciliate, Metopus sp. in any water body indicates
the presence of hydrogen sulphide (Bick, 1972). Presence of this species and its
associated ciliates belonging to the genera Caenomorpha, Epalxella, Pelodinium
and Sprodinium in putrefying sludge are the indicators of the self purification
process which has been stopped due to lack of oxygen and presence of high
concentration of H,S. Many species of ciliated protozoa are used as indicators
for ecological monitoring of water quality and they can also be used in ecological
studies of aquatic habitats in which mosquitos and other vectors and intermediate
hosts of disease organisms are breeding (Bick, 1972).

The number of papers on freshwater ciliates has increased recently (Pace,
1982; Macek et al., 1996; Weisse & Miiller, 1998; Kalinowska, 2000, 2004; Mieczan,
2007). In both freshwater and marine ecosystems significant vertical gradients of
protozoan diversity exist, these apparently being influenced by the distribution of
their prey, and physical and chemical variables (Ventela et al., 1998, Thouvenot et
al., 1999, Jacquet et al., 2005). Several investigators suggest that ciliate abundance
and biomass reach maximum values in the epi- and metalimnion, with the lowest
in the hypolimnion. In the epilimnion the oligotrich Strombidium viride frequently
occurs, whereas in the meta- and hypolimnion the oligotrichs are gradually
replaced by scuticociliates (Beaver & Crisman, 1990; Zingel, 2005). Zingel & Ott
(2000) observed a positive significant correlation between ciliate numbers and
chlorophyll a and bacterial densities in strongly stratified temperate lakes.

The importance of ciliate communities to the overall productivity of freshwater
ecosystems has been well documented (Sorockin, 1972; Schonborn, 1977, 1982;
Baldock et al., 1983; Madoni, 1987a). Increasing attention is now being focused
on planktonic and benthic microfauna of lakes (Madoni, 1989, 1990;Laybourn-
Parry et al., 19904, b), reservoirs (Barbieri & Godinho Orlandi, 1989; Simek et al.,
1999), and rivers (Baldock & Sleigh, 1988; Blatterer & Foissner, 1990; Groliére et
al., 1990); however, studies on distribution and ecology of ciliates living in ponds
covered by floating macrophytes are still few (Legner, 1964; Madoni & Viaroli,
1985).

Historical Resume

Ehrenberg (1838) and Dujardin (1841) initiated the work on ciliates. After them
an exceptional contribution was made by Kent (1882) in his book named “Manual
of Infusoria”.
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Hundreds of species have since been discovered and described by experts from
different parts of the world. Foissner (1977-2013) has made significant studies
on the taxonomy and ecobiology of ciliates from different parts of the world. The
pelagic ciliate communities from 58 north German lakes were described and
compared at species level by Pfitser et al., (2002), about 140 ciliate species were
identified and quantified in all investigated lakes.

Freshwater protozoa in Thailand were investigated in different provinces
of northern, eastern, northeastern and southern parts of Thailand from 1982 till
1999. The total of 166 genera and 259 species found were identified as 36 genera
and 72 species of Phytomastigophora, 9 genera and 11 species of Zoomastigophora,
23 genera and 38 species of Sarcodina, 2 genera and 2 species of Labyrinthomorpha
and 95 genera and 134 species of Ciliophora (Charubun & Charubun, 2000). Ciliate
diversity was investigated in situ in freshwater ecosystems of Antarctic (Victoria
Land, 751S), and the High Arctic (Svalbard, 791N). In total, 334 speciesfrom 117
genera were identified in both Polar Regions (Petz et al., 1995). The most detailed
studies of Turkish inland waters were performed by Senler et al., (1998), Senler
and Yildiz, (1998, 1999, 2004) who worked especially on rivers, small ponds and
sewage treatment plants and by Capar, (1997, 2005, 2007a, b) on free living pond
and wetland ciliates.

India, with 2.4% of the world’s area, has over 8% of the world’s total
biodiversity, making it one of the 12 mega diversity countries in the world. Despite
this richness, the data concerning ciliate diversity from India is rather scarce. First
report of protozoa from India is made from freshwater by Grant (1842) which is an
unpublished work Cantor (1842). Since then, considerable work on protozoa from
this environs has been done by Ghosh, (1818-1929), Nair and his co-workers (1960-
1974) and Das, (1971) from West Bengal, Bhatia and Mallick, (1930) from Kashmir
and Mahajan, (1969, 1971, 1977) from Rajasthan. Earlier works on freshwater
inhabiting ciliates are available in the Ciliophora volume in the Fauna of British
India series, written by Bhatia, (1936).

The record of Ciliophora known from India, Myanmar and Sri Lanka included
274 species belonging tol01genera (Bhatia, 1936).Ghosh, (1918-1929) published
a series of papers reporting 29 species of free-living ciliates and one species of
testacid rhizopod from Kolkata and its nearby localities. Mahajan and Nair (1965)
published the occurrence of 19 species of free-living ciliates from Kolkata and its
vicinity. Mukherjee and Das (2000) recorded 5 species of ciliates from Renuka
wetland which is a Ramsar site in Himachal Pradesh. Shaikh et al., (2012) recorded
7 species of protozoan ciliates from Salim AliLake, Aurangabad, India. 61 species
of ciliates under 37 genera belonging to 31 families and 12 orders were reported
by Bindu L, (2010).

In West Bengal, in all 152 species of ciliates, belonging to 2 classes, 16 orders,
52 families and 75 genera have been recorded by several investigators since 1840s
(Das et al., 1993; Piyali and Das, 1997). Ghosh (1918-29) in a series of papers
recorded 29 species of ciliates from Kolkata, while Mahajan and Nair (1965), Das
(1971), Das et al., (1993) and Piyali and Das (1997) reported a considerable number
of species from different freshwater ecosystems of Kolkata. Although Kolkata
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metropolis abounds with innumerable freshwater wetlands and even though several
water bodies were surveyed from different parts of this mega city, the diversity
and distribution of ciliates suggests that purposeful wetland specific surveys have
not been conducted year round. Simmons (1889, 1891) recorded ciliates belonging
to 12 genera from Calcutta, without giving any specific identification of the forms.
Nair (1960) reported one new record of a ciliate from Sibpur (Howrah District).
Mahajan & Nair (1971) reported 19 species of freshwater ciliates from Kolkata and
its surrounding areas. Bindu L (2010) reported 23 species of free-living freshwater
ciliates from Kolkata wetlands including Rabindra Sarovar, a National Lake, and
an important freshwater wetland in Kolkata.
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Photomicrographs of Spirotrich ciliates, a-c Euplotes aediculatus, d-f Aspidisca
sp., g-1 Aponotohymena sp., j-1 Paraurostyla coronate, m-o Pseudourostyla cristata,
p-r Oxytricha granulifera, showing live cell (a, d, g, h, m & p), after protargol
impregnation (b, e, h, k, n & q) and after Feulgen staining (c, f, 1,1, 0 & r).
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The University of Delhi have been involved in the morphological and molecular
taxonomy of ciliates from freshwater bodies namely, Okhla Bird Sanctuary,
Sanjay Lake, Pond at Rajghat in Delhi region. Sripoorna et al., 2015 studied
the diversity of freshwater Spirotrich ciliate fauna from Okhla Bird Sanctuary,
Delhi. They reported total of 12 species belonging to 10 different genera. From
the Delhi region few Spirotrich freshwater ciliate species have been characterized
and reported till date, namely, Stylonychia ammermanni (Gupta, R., et al., 2001),
Pleurotricha curdsi (Gupta, R., et al., 2003), Rubrioxytricha indica (Naqvi, 1., et
al., 2006), Architricha indica nov. gen., Histriculus histrio (Gupta et al., 2006),
Coniculostomum bimarginata (Kamra, K., 1994), Notohymena limus, (Naqvi,
1., 2016), Oxytricha granulifera, Aponotohymena sp., Paraurostyla coronata,
Gastrostyla sp., Tetmemena sp., Laurentiella sp., Euplotes aediculatus, Aspidisca,
Pseudourostyla cristata and Urostyla sp. (Somasundaram et al., 2015).

At molecular level, total 8 nucleotide sequences of the freshwater ciliates have
been sequenced and submitted in Genbank database. 18S rRNA gene of Tetmemena
sp. (Acc. No. KP336401), Aponotohymena sp. (Acec no. KP336402), Gastrostyla sp.
(Acc. No. KT780432), Pseudourostyla cristata (Acc. No. KT731104), Oxytricha
granulifera (Acc. No. KU715983), Paraurostyla coronata (Acc. No. KU715982),
ITS (internal transcribed spacer) (Acc. No. KT731103) and histone (H,) gene (Acc.
No. KU761846) of Tetmemena sp. have been sequenced.

A new species of free living ciliated protozoa, Oxytricha susheelum was
recorded from fresh water in Aurangabad by Deshmukh et al., 2012. Ahamed &
Sharma (2009) reported a total of seventeen species of ciliates from different pond
localities of Lucknow city. A study on some free living protozoan from Salim Ali
lake Aurangabad was done by Shaikh et al., (2012), in which 7 species of ciliates
have been recorded.

Methodology

Collection of ciliates is a two step process; collection from field site and transporting
them to laboratory, examination and fixation. 2 litres of freshwater sample is
filtered through 20 micron plankton net and the sample is collected in a plastic
bottle. Sample should be collected from the bottom/surface/banks/submerged
slops of water body. Samples should be fixed immediately to avoid loss of cell.
The sample can be fixed in Lugol’s iodine. After Lugol’s fixation samples can be
stored in cool dark place. Ciliate abundance can be obtained by settling the fixed
samples in settling chamber and examining them under an inverted microscope
(Hasle, 1978). Lugols is a relatively harmless and versatile fixation method, which
is recommended for routine sampling of ciliates. Iodine not only enhances the
sinking of cells but also stain them dark brown in colour. Lugol’s fixed material
can be processed in several ways: SEM (Montagnes & Taylor, 1994), DAPI,
Protargol staining (Montagnes & Lynn 1993). Staining is an important process
in ciliate study. Inverted microscopes are commonly used to quantify and identify
ciliates and other microplankton in plankton samples. There are two types of
staining; temporary and permanent staining. In temporary staining we can use
Acetocarmine and 1% Methyl green in acetic acid as stain. Permanent staining
method include three steps; adherence, fixation and staining. This will be done
according to the standardised protocol (Foissner, 2007). Florescent dyes (DAPI)

Page No. 32
41



Page No. 33
PURUSHOTHAMAN et al.

can also be used as a diagnostic feature in ciliate study. SEM photograph of ciliates
will be taken for further identification of species.

Diversity

It is estimated that 85% of the ciliate diversity is still to be described. A total of
8,000 ciliate morphospecies are described of which about 200 are fossil tintinnids
and 2,600 are commensals and about 5,200 are true free-living species Corliss,
(2000a). About 400 new species have been described till date by Song and Wang
1999; Foissner et al., 2002; Foissner 2006. So in total there are about 5,600
described free-living ciliate species. Combining classical and modern methods, a
few researchers have discovered hundreds of new ciliate morphospecies during
the past 15 years, suggesting that most ciliate diversity is still unknown (Foissner
1993a, b; Petz et al., 1995; Song and Wang, 1999; Foissner and Xu, 2006). The
ciliates species which are distributed in the fresh water ecosystems of India is
represented in the Table.1. A total of 106 species of ciliates belonging to 58 genera
and 36 families are described from the fresh water ecosystems of India.

Table 1. List of ciliate species described from the fresh water ecosystems of India

Phylum CILIOPHORA
Class Family Genus |Species Name of the species

Metopus es Muller 1776

Metopus minor var. Minor Kahl 1927
Metopus nasutus Cunha 1915
Metopus spiralis Smith 1897

Armophorea Metopidae 1 4

Colpoda cucullus Miiller, 1786
Colepidae 1 4 Colpoda aspera Kahl

Colpod
opodea Colpoda maupasi Enriques, 1908
Colpoda steinii Maupas 1883
Cryptolophosididae 1 1 Opisthostomatella bengalensis Ghosh
1928
Blephart. Nt dium Bhand.
Heterotrichea Blepahrismidae 1 1 cpharisma wntermedium bhandary
1962
Caenomorphidae 1 1 Caenomorpha medusula Perty 1852
Stentoridae 1 1 Stentor roeseli Ehrenberg 1835

Loxodes magnus Stokes 1887
Karyolectiae Loxodidae 1 3 Loxodess triatus(Engelmann 1862)
Loxodes vorax Stokes 1885

Dileptus monilatus (Stokes, 1886)
Kahl, 1931

Dileptus gigas (Claparede &
Lachmann, 1859)

Litostomatea Tracheliidae 3 5 Pseudomonili caryonanser(Miiller,
1773) Vdaény& Foissner, 2012
Trachelius gutta Cohn 1866
Trachelius ovum (Ehrenberg, 1831)
Ehrenberg, 1838
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Phylum CILIOPHORA

Class

Family

Genus

Species

Name of the species

Amphiletidae

10

Litonotus fasciola (Ehrenberg)
Litonotus infusionus Ghosh, 1920
Litonotus procera Penard 1922
Litonotus obtusa

Acineria incurvata Dujardin 1841
Hemiophrys procera Penard 1922
Hemiophrys bivacuolata Kahl 1931
Loxophyllum nimeccense (Stein,
1859)

Loxophyllum levigatum Sauerbrey,
1928

Loxophyllum undulatum Sauerbrey,
1928

Mesodiniidae

Mesodinium pulex (Claparede &
Lachmann, 1859) Stein, 1867

Actinobolinidae

Actinobolina radians(Stein, 1867)
Strand, 1928

Enchylidae

Lacrymaria olorMiiller, 1776
Lacrymaria lagenula Claparede
&Lachmann, 1858

Lacrymaria vermicularis (Miiller,
1786) Bory, 1824
Trachelophyllum vastitum Stokes
1884

Phialina minima (Kahl, 1927)
Foissner, Agatha & Berger, 2002
Phialina pupula Miller, 1773

Spathidiidae

Bryophyllum spathidiodes Gelei,
1933

Spathidium moniliforme Bhatia,
1920

Spathidium muscicola Kahl 1930
Spathidiumspathula

Nassophorea

Nasulidae

Nassula ornata Ehrenberg 1833
Orthodonella banerjeei Ghosh, 1921
Pseudomicrothoraxagilis Mermod
1914

Orthodoneliidae

Chilodontopsis bengalensis (Ghosh,
1921)

Leptopharyngidae

Leptopharynx chlorophagus Das,
1971

Leptopharynx torpens (Kahl, 1931)
Pseudomicrothorax dubius (Maupas,
1883) Penard, 1922

Microthoracidae

Drepanomonas dentate Fressenius
1858

Drepanomonas hooghlyensis Nair
&Das 1974

Drepanomonas revolute Penard, 1922
Opisthostomum bengalensis Ghosh
1928
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Phylum CILIOPHORA

Class

Family

Genus

Species

Name of the species

Oligohymenophora

Epistylidae

1

1

Epistlylis niagaraKellicott 1883

Glaucomidae

Glaucoma pyriformis Ehrenberg
1838

Neobursaridiidae

Neobursaridium gigas Balech 1941

Paramecidae

Paramecium bursaria (Ehrenberg,
1831) Ehrenberg, 1836
Paramecium caudatum Ehrenberg,
1833

Vaginicoloidae

Platycola decumbens (Ehrenberg,
1830) Kent, 1882

Pyxicola affinis Kent, 1881
Vaginicola crystallina Ehrenberg,
1830

Pleuronematidae

Pleuronema crassumDujardin, 1841

Phyllopharyngea

Chilodonellidae

Chilodonella cucullus (Muller, 1883)
Chilodonella uncinata (Ehrenberg,
1838)

Chilodonella spiralidentis (Bhatia &
Mallik, 1930)

Acinetidae

Tokophrya lemnarum Stein 1932

Plagiopylea

Plagiopylidae

Plagiopyla nasuta Stein, 1860

Prostomatea

Colepidae

Coleps octospinus Nolan, 1925

Colep selongatus (Ehrenberg, 1830)
Diesing, 1866

Coleps inermis Perty 1852

Coleps devdaniensis Mahajan, 1971
Coleps hirtus (Muller 1786)

Prorodontidae

Prorodon edentates Claparede
&Lachmann 1858

Prorodon discolor (Ehrenberg, 1835)
Prorodon teres Ehrenberg, 1838
Prorodon stewarti Ghosh, 1928

Holophryidae

Holophrya bengalensis Ghosh, 1919
Holophrya annandalei Ghosh, 1919
Holophrya simplex Schewiakoff, 1889

Urotrichidae

Urotricha globosa Schewiakoff, 1889

Leptopharyngidae

Pseudoprorodon lieberkuhni Butschli,
1889

Spirotrichea

Euplotidae

Euplotes patella (0. F. Muller)
Ehrenberg
Euplotes aediculatus Pierson, 1943

Aspidiscidae

Aspidisca sp. Ehrenberg, 1830

44
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Phylum CILIOPHORA

Class Family Genus |Species Name of the species

Halteriidae 1 1 Halteriagrandinella (Muller, 1773)

Oxytricha susheelum Deshmukh
etal., 2012

Stylonchia mytilus Miiller, 1773
Oxytricha granulifera Foissner and
Adam, 1983

| Aponotohymena sp. Foissner, 2016
Paraurostyla coronata Arora et al.,
1999

Gastrostyla sp. Engelmann, 1862
Tetmemena sp. Eigner, 1999
Laurentiella sp. Dragesco and Njiné,
1971

Oxytrichidae 8 14

Stylonychia ammermanni, Gupta

et al., 2001

Pleurotricha curdsi Shi et al., 2002
Rubrioxytricha indica Naqvi et al.,
2006

Architricha indica Gupta et al., 2006
Histriculus histrio Miiller, 1773
Coniculostomum bimarginata Kamra
et al., 1994

Notohymena limus Naqvi et al., 2016

Pseudourostyla cristata Jerka-
Dziadosz, 1964

Urostylidae 1 1 Urostyla sp. Ehrenberg, 1830

Pseudourostylidae 1 1

Total 58 106

Classification

The phylum Ciliophora is composed of two sub phylum: Postciliodesmatophora and
Intramacronucleata, with, 11 classes and 19 subclasses. Postciliodesmatophora
consist of two classes; Karyorelictea and Heterotrichea. Intramacronucleata
consists of 9 classes and 19 subclasses. The classes coming under Sub phylum
Intramacronucleataare Spirotrichea, Armophorea, Litostomatea, Phyllopharyngea,
Nassophorea, Colpodea, Prostomatea, Plagiopylea and Oligohymenophorea. Class
Spirotrichea consists of 7 subclasses; Protocruziidia, Phacodiniidia, Hypotrichia,
Oligotrichea, Choreotrichia, Stichotrichia, Licnophoria. Class Litostomatea
consists of 2 sub classes; Haptoria and Trichostomatia. Class Phyllopharyngea
has 4 sub classes; Crytophoria, Rhynchodia, Chonotrichia, Suctoria. Class
Oligohymenophorea consists of 6 sub classes; Peniculia, Scuticociliata,
Hymenostomatia, Apostomatia, Peritrichia and Astomatia.

The sub phylum Postciliodesmatophora represents 61 genera (+8 genus
incertae sedis) belonging to 2 class, 4 order and 13 families. The sub phylum
Intramacronucleata represents 1119 genera belonging to 9 class, 19 sub classes,
52 order and 264 families.
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Fig : Systematic scheme for the phylum Ciliophora
Source: http://www.nature.com/articles/srep24874/figures/3

Distribution

The ciliophorans coming under the phylum Ciliophora are universally distributed
in water bodies like freshwater ponds, streams and rivers and some species
occur in wet soils and mosses. These free-living ciliates play an important role
in the aquatic ecosystem and form an important component of the environment
monitoring surveillance and these aquatic animalcules occupy an important
position in the aquatic food chain. The role of ciliates as an important component
of the microbial loop in freshwaters is widely recognized (Wiackowsi et al., 2001).

Endemism

Ciliates are distributed globally in various habitats where they act as an important
trophic link in variety of food webs (Adl, 2003). Ciliates exhibit lesser endemism
and are considered ubiquitous and cosmopolitan in distribution. Some species show
limited geographic distribution and low dispersal abilities. For example, the large
tropical peniculine Neobursaridium gigas, a flagship tropical freshwater species,
was described over 60 years ago in Africa and yet it has only been recorded from
the Southern hemisphere (Foissner, 1999¢).

Habitat

Many ciliates are associated with the surfaces of solid subjects, such as rocks,
some species of algae, or some submerged substrates. Characteristic species,
they are permanently attached forms are mainly peritrichs (eg. Vorticella,the
colonial Zoothamnium, and the loricate Cothurnia). Folliculinid ciliates are
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brightly coloured ciliates, which build an ampulla shaped loricae. The suctorians
are carnivorous and feed on the motile ciliates of the habitat. In microaerophilic
environments such as the layers of decaying leaflitter and detritus layers, harbours
the species Loxodes, and also large heterotrich ciliates belonging to the genera
Spirostomum and Blepharisma. A true anaerobic fauna of ciliates also occurs in
freshwater sediments, mainly represented by the genera Metopus, Caenomorpha,
Plagiopyla and also the representatives of odontostomatids.

Dysterid ciliates feeding on cyanobacteria and filamentous bacteria same
as that found in hypotrich ciliates such as Euplotes, Aspidisca, Holosticha, etc.
Amphileptids ciliates are dominant carnivores and some of them are specialised
to prey on the zooids of peritrich ciliates.The naked oligotrichs include Halteria
and species of Strombidium among which S. viride contains Zoochlorellae.
Hecky and Kling, (1981) found that in Lake Tanganyika the biomass of S. Viride
equalled the phytoplankton biomass and they may play a substantial role as a
primary producer. Among the fresh water pelagic ciliates, species of Frontonia
and Euplotes are common, but which are not typically pelagic forms. Ciliates also
show high diversity on feeding large food particles. Species of Nassula specialise
on feeding filamentous Cyanobaceteria, whereas species of Frontonia and various
prostomatids specialise on feeding larger food particles such as dinoflagellates and
diatoms. The bacteriovorous ciliates are mainly the scuticociliates (Cyclidium,
Uronema) and also some stalked but unattached peritrichs. The ciliate predators
consists of prostomatids, such as Didinium, Coleps, Acaryophyra, and Actinobolina
and pleurostomatids, such as Paradileptus and Trachelius.

Gap in Research

The vast majority of microbial eukaryotic organisms are undescribed and unknown
in India. In the current scenario, the diversity of these small organisms are much
less well understood than that of larger organisms. There is a fundamental need
to document the taxonomic composition of fresh water ciliate diversity through
systematic biodiversity surveys of representative fresh water habitats, since these
microbial eukaryotic communities very much influence the health of the freshwater
ecosystem. This will give a comprehensive data to generate diversity estimates of
different fresh water habitat types and biogeographic maps for relatively common
species of freshwater. This information is critical to manage and conserve the
functional properties of freshwater ecosystems for the long term, particularly in
areas that are vulnerable to human activities.
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Abstract

Actinomycetes secrete various types of extracellular enzymes which have numerous
applications in industry and agriculture. Traditional industrial microbiology has merged with
molecular biology to yield improved recombinant processes for the industrial production of
proteins, biopharmaceuticals and industrial enzymes. In a previous study, actinomycetes were
isolated from diverse ecological habitats and screened for their ability to produce extracellular
enzymes. Based on the results of primary and secondary screening, colonies 194 (Dumping
site soil, Sarai Kale Khan Delhi), 51 (Agricultural soil, Dhanaura, U.P) and 157 (Agricultural
soil, Dhanaura, UP.) showed maximum cellulase activity; colonies 169 (Sugar plant soil,
Dhanaura, U.P.), 126 (Lake soil, Purana Quila, Delhi) and 202 (Chemical plant soil, Faridabad,
Haryana) showed maximum xylanase activity; colonies 130 (Chemical plant soil, Faridabad,
Haryana), 194 (Dumping site soil, Sarai Kale Khan, Dethi) and 184 (Sugar plant soil,
Dhanaura, U.P.) showed maximum chitinase activity and colonies 165 (Agricultural soil,
Kashipur, Uttarakhand), 122 (Agricultural soil, Nainital, Uttarakhand) and 242 (Great
Himalayan National park soil, Teerthan Valley) showed maximum phosphatase activity. The
highest xylanase and chitinase producers, colonies 169 and 130 were further analysed to
determine the type of protein and its 3D structure. In the present study, two tests (Biochemical
and Morphological) of polyphasic characterization of above strains was done. Spore chains of
colonies'51, 157, 122 and 126 were of Retinaculiaperti type, colonies 130, 184, 202 and 242
possessed Spirales type of spore chains and in colonies 165, 169 and 194 Rectiflexibles type
of spore chain was observed. Biochemical studies were performed to check the metabolic status
of strains. Colony 169 was found efficient in utilizing. L-arabinose, D-fructose, L-arabinose
and degrading urea, casein, tween, hypoxanthine. Similarly, colony 130 was found efficient in
utilizing D-mannitol, meso-inositol, D-fructose and degrading urea and hypoxanthine. From
the results of biochemical and morphological tests it was concluded that the strains from
different ecological habitats belongs to genus Streptomyces.

Keywords: Actinomycetes, Extracellular enzymes, Primary and secondary screening, Protein
type and structures, Spore chain morphology, Biochemical studies '
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Abstract

Actinobacteria are major producers of important biomolecules, accounting for 70-80% of
secondary metabolites available commercially. Its various genera are known for production of
different classes of antibiotics. Microbial pathogens however, are developing resistance to
existing antibiotics. There is an urgent inevitability to discover and develop new therapeutic
compounds with unique modes of action. Polyketides and non-ribosomal peptides produced by
this group of bacteria represent a large group of antibiotics. Biosynthesis of non-ribosomal
peptides and polyketides takes place from acyl-coenzymeA monomers and amino acid building
blocks. Biosynthesis of NRPs takes place by large multimodular proteins, in which each
enzymatic module catalyse one step of elongation and modification of the growing polypeptide
chain. In the current study, actinomycetes strains representing various ecological habitats were
selected and revived. These strains have been screened in a previous study for production of
antibiotics. The morphological, biochemical and 16S rRNA gene studies of these strains is done
in this study. In the morphological studies, spore chain observations showed presence of hooks,
loops, spirales with one and two tumns (Retinaculiaperti) in strains R1.24, S.4A, S.43, SL.4 and
51. In case of strains B.69 and RI.30 straight to flexous (Rectiflexibles) spore chains were
observed. The strains L3.41, L3.46 and strain 196 showed spiral type spore chains. Biochemical
studies were performed to check the metabolic status of the strains, the results of which depicts
the activity shown by strains in utilizing different sugars and organic compounds by the

production of different metabolic enzymes. Comparis‘oﬁ‘of 16S rRNA gene sequences of strains

with sequences of close Streptomyces sp. deposited in EzTaxon database indicated that these

isolates belong to genus Streptomyces. Rooted phylogenetic tress based on neighbor joining
method, prepared separately for strains indicated that these were included in distinct clades in

their respective trees.

Key words: Actinomycetes, PKS and NRPS, rRNA, Biochemical studies
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. molecules produced by plants exert their effects as negative regulators of
ious plant responses. Abscisic acid is an inhibitory hormone that helps plants
gt to stress. It also maintains water balance, prevents seed embryos from
| gminating, and induces seed and bud dormancy. Initial attempts 1o identify
sicisic acid were made by Fredrick T. Addicott and his coworkers in cotton fruits
21963, It was earlier suspected that seed and bud dormancy are caused by some
shibitory compounds and attempts were made to extract these compounds from
sious plant tissues. Acidic compounds separated by paper chromatography from
bese tissues were tested for their ability to promote growth in oat coleoptile, but
msead these compounds inhibited coleoptile elongation. This compound Wwas

demed s “P.inhibitor complex.” Subsequently, high f-inhibitor levels e

welated with suppression of sprouting in Solanum tuberosum tubers, abortion qf
| pubescens. This

Upinus arboreus pods, and bud dormancy in trees like Betula
me"“nd was subsequently named abscisin IL, since it Was identical to a substance
Promotes abscission in cotton fruits (commercially important for mechanization

Dfo»mmn picking). Another substance isolated a cubstance from Betula pubescens, 2

- Aduous plant, inhibits growth and induces bud dormancy. It was named
ilar to “abscisin

pq “Dormin” ally simi
I Dormin” was subsequently found to be an.ictur'
¥ .Thfocfmmund was subsequently renamed as abscisic acid (ABA)—a compound

Segg, nhibit growth and stomatal opening when plants aré under environmental
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ants and anima.ls go through onset and progress of certain processes leadin
ultimately causes death. Aging is defined as a degeneratiwi

hiu!og.ical 'cha_nge occurring over a period of time. Plants exhibit wide range of
variations in life span, ranging from a week to few to many years. It is a common

sight in temperate regions that the color of the leaves changes from green to yellow
o orange or red before its final fall from the deciduous irees (Fig. 30.1). Such
¢ of plants and ar® referred

changes happen during the erminal phase of the life cycl
nce is a self-digesting (autocatalytic) Process controlled by

Both pl
o “aging” which

ﬁl_?iromnem and the genetic anism. U
s process are catabolic and thus rreversibly degenerative:
m"e decay of structural and biochemical mac i
ated series of events in which organelles, membranes " claimed for
broken down. Nutrients, like amino acids sugars, & o S m
®xport out of the senescing organ 10 other e ﬁiﬁscemed- Another general 1
Which is used for mechanisms ““deﬂymglwnmgl;iefiﬁy determined developmen
' . b ~TY) ic also @ i e determiny

R ed cell death (?szﬁzcnl?);sa i or cels. Sueh cmiiors e
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Effect of Concentration Variation In Graphene Oxide (GO)
Membranes For Water Flux Optimization

Shani Kumar'¥, Amit Garg'”, Arijit Chowdhuri?’

!Material Science Laboratory, ? Sensing Material Devices Laboratory
Acharya Narendra Dev College, University of Delhi, Kalkaji, New Delhi-110019, INDIA
3Department of Electronic Science, University of Delhi, South Campus, New Delhi-110021, INDIA

*Corresponding author: Email: amitgarg@andc.du.ac.in

Abstract: Graphene oxide, sister material of Graphene has generated tremendous research interest in fields of energy
storage, catalyst material, adsorbent material for heavy metals and dyes, green energy production, drug delivery agent, a
gas sensing material as well as in membrane based water purification and desalination systems' etc. In this paper, we are
reporting the effect of concentration variation in GO membranes on water flux. GO has been synthesized by Hummer's
method with related characterizations like XRD, Raman, SEM and FTIR carried out. GO membranes have been developed
using pressure assisted filtration assembly (Water Vac-100 ) over Cellulose Acetate membrane support (47 mm dia. and
0.45 pm pore size), Millipore.

Keywords: Graphene oxide membrane, water flux, Hummer's method

INTRODUCTION

Worldwide almost all countries are moving towards paucity of potable drinking water at a very rapid pace mainly
due to anthropogenic activities. Therefore, conservation of this natural resource in conjunction with its recycling
assumes importance and which necessitates development of an advanced water purification technique that could help
overcome the problem of drinking water while offering the feasibility of scaling-up for industries. Literature indicates
membrane based water purification techniques gaining interest wherein polymer based membranes are in demand due
to low cost of development, high water flux and high life time. However, they suffer from problems including long
term chemical, thermal and biological stability which reduce performance of these membranes*®. Unusual properties
of Graphite oxide membranes were reported by H.P. Boehm et al. who reported that the membranes are not permeable
to gases but permeable to water vapors’. The same materials are now named mostly as graphene oxide papers or
membranes. Interest in permeation properties of GO membranes was reborn recently by the study of Nair et al., 8
which reported that water vapors permeate through the membranes but not vapors of several other solvents, e.g.
ethanol. Recent experiments showed that GO membranes also demonstrate selective ion permeation and can be used
for filtering of some organic molecules’. Beyond the traditional polymer membranes, GO based membranes,
restacking from two-dimensional GO nanosheets, have been regarded as a promising candidate for water purification
and desalination!™!!, By taking advantages of its high mechanical strength/flexibility, excellent hydrophilic surface
properties and 2D interconnected nanofludic channels for ion and molecular transport, GO based membranes have
exhibited extraordinary separation performance in respect of water flux and pollutant molecular/ions rejection!2-14,
However, there is a need to optimize graphene oxide membranes for water purification offering robust structural
stability vis-a-vis efficient water purification capabilities. In the present work five different membranes over cellulose
acetate support having varying concentration of GO solution, have been fabricated. The same are then checked for
stability in performance and water flux so that amount of GO can be optimized (in mg over 40 mm effective Diameter
of GO membrane) which can be further used for optimization of water flux and stability.

2nd International Conference on Condensed Matter and Applied Physics (ICC 2017)
AIP Conf. Proc. 1953, 030280-1-030280-4; https://doi.org/10.1063/1.5032615
Published by AIP Publishing. 978-0-7354-1648-2/$30.00
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Impact of donor-layer doping & thickness, gate-
length and temperature on potential and electron
concentration in AlIGaN/GaN Double-
Heterostructure and Single-Heterostructure HEMT
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Abstract—This paper presents a comparative simulation based
analysis of the impact of donor-layer doping & thickness, gate-
length and temperature on channel potential and electron
concentration of  Alo.2sGao.7sN/GaN/Alo.2sGaossN - double
heterostructure (DH) HEMT and Alo25Gao.7sN/GaN single-
heterostructure (SH) HEMT. Due to the formation of two 2-
DEGs at the two hetero-interfaces, potential and electron
concentration of a double-heterostructure HEMT is found to
be more sensitive to variation in gate-length, donor-layer
doping, donor-layer thickness and temperature as compared to
SH-HEMT.

Keywords—channel potential, donor layer thickness, doping
concentration, double-heterostructure high electron mobility
transistor; electron concentration, gate-length, temperature

[. INTRODUCTION

II-V nitride wide band gap semiconductor materials are
receiving much interest recently for their potential use in
high power and high frequency applications. This is
primarily due to the large 2-D electron gas induced by the
polarization charge at the AlGaN/GaN hetero-interface
[1].GaN-based  high-electron-mobility  transistors in
particular are being considered as the most suitable choice
due to high sheet-carrier density and large breakdown field
strength (~3.5 MV/cm) [2-4]. The major feature of an
AlGaN/GaN heterostructure system is spontaneous and
piezoelectric polarization at the AlGaN/GaN hetero-
interface which results in a very high sheet-carrier
concentration of the order of (2-6) x10" cm™[1].
Polarization results in confinement of high concentration of
electrons or holes at the hetero-interface [5-6]. For a net
positive polarization at the interface this confinement results
into two dimensional electron gas (2-DEG) and for a net
negative polarization, this results into two dimensional holes
gas (2-DHG) [7].

An attempt to obtain even better performance for future
military communications, radar and intelligence applications
has led to continuous downscaling of gate- length to sub-
100 nm level. However, in order to maintain the device
aspect ratio and to avoid deterioration in the device

978-1-5386-5002-8/18/$31.00 ©2018 IEEE

Monika Bhattacharya
Department of Electronics, Acharva
Narendra Dev Collage
University of Delhi
New Delhi, India
monika bhattacharyal6 @ email com

E.5. Gupta
Department of Electronics and
Communication Enginesring,
Mahargja Agrasen Institute of
Technglogy
Wew Delhi, India
rzguptal 943 @ gmail com

performance due to the emergence of various short-channel
effects (shift of threshold voltage towards the more negative
value, undesirable larger sub-threshold slope, deterioration
of transconductance and output conductance etc), gate-
length reduction has to be accompanied by shortening of
gate-to-channel separation. To achieve larger 2DEG
concentration and better carrier confinement interest has
been grown from single heterojunction devices to double
heterojunction high electron mobility transistors. DH-
HEMT also exhibits higher value of transconductance with
less modification over an extensive range of gate-source
voltage as compared to a single heterostructure HEMT [8-
13].

Modification in the conventional HEMT structure such as a
double-heterostructure HEMT has emerged as a possible
solution to obtain further improvement in the high-power,
high frequency performance beyond the limit of device
miniaturization [8-10]. DH-HEMT offers numerous
advantages over conventional single-heterostructure HEMT
(SH-HEMT), such as larger sheet carrier concentration,
larger current, larger transconductance and higher cut-off
frequency over SH-HEMT which leads to better RF
performance of the device and shows better charge control
in DH-HEMT over SH-HEMT [14-16].

Authors in their previous work [14-16] proposed an
analytical approach for the evaluation of threshold voltage,
sheet carrier concentration, drain current, transconductance
and cut-off frequency of AlIGaN/GaN/AlGaN DH-HEMT. A
comparative analysis of the dependence of sheet carrier
concentration and threshold voltage on donor-layer doping
density and donor layer thickness of 100 nm gate-length
AlGaN/GaN SH-HEMT with AlGaN/GaN/AlGaN DH-
HEMT was also presented [14-15]. In this paper, extensive
analysis has been carried out using ATLAS 2D device
simulation [17], in order to study the effect of variation of
donor layer thickness da, doping density Np, temperature T
and gate-length (L) on the channel potential and electron
concentration of DH-HEMT as compared to SH-HEMT.
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Continuous rise in mosquito-borne diseases worl
become a principal concern. The outbreak of Zika, d

momentous situations raising urgent need to control Aedes aegypti. Dengue is one of
the most prevalent Aedes-borne viral diseases of humans in tropics. In India, Aedes-
borne diseases have shown a significant rise during last decade. The most
recommended plan to control mosquito-borne diseases primarily lies on mosquito
management below threshold level and interrupting their disease-transmission cycle.
Extensive use of different classes of organic insecticides for mosquito control has led to
the development of high levels of resistance making them less effective at safe dosages,
consequently, forcing us to explore novel insecticides. Present study investigates the
bio-efficacy of a neonicotinoid, acetamiprid.on the survival, development of resistance,
development changes and reproductive potential of Ae. aegypti.The development of
cross-resistancein Ae. aegypti against different classes of insecticides has also been
investigated. The parent population of early fourth instars of Ae. aegypti when exposed
toacetamiprid, resulted in respective LC,, and LC,, values of 0.188 ppm and 1.315 ppm.
Selection with acetamiprid for 10 successive generations (ACSF-10) reduced its
efficacy by 25 fold. The cross-resistance studies performed to evaluate the insecticide
resistance spectrum in parent as well as acetamiprid-selectedstrains showed that the
larvae selected with acetamiprid also developed low levels of resistance to
organophosphates and pyrethroids. The larvae developed 13-fold resistance to
lambda-cyhalothrin while 11-fold resistance to fenitrothionwas observed as compared
to the parent population. Remarkably, the ACSF-5 larvae dic! not develop any cross-
resistance with organochlorines and carbamates. Stl{dles on the impact of
acetamipridon the development and reproductive poFent}al of Ae. aegypti showeld
growth-inhibitory effects of acetamiprid. Our results highlight towgrds the prgbab e
use of acetamiprid as an efficient control agent agains..t Ae. aegypti causing adverse
impacts on their survival, development and reproductive fltness. Our 'lnv'es.tl.gatlonj
récommend acetamiprid as a promising control agent with growth '“h'bm“% at?l
hr)rmono-mimetic effects. Further study is required t°_ assess the probable
development and characterization of acetamiprid resistance and prebable
development of cross-resistance to other insecticides in order to devise mosquito
Contro) strategies.

dwide, control of mosquitoes has
engue and Chikungunya has caused
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With the ever-rising Aedes-borne diseases; Dengue, Yellow fever, Chikungunya ang
Zika; Aedes aegypti has become the most devastating disease vectorand has gained the
prime concern in health sciences. Extensive use of different classes of synthetic
insecticides has not only led to the development of resistance making them Jess
effective even at higher dosages butalso has raised several environmental concerns. As
known earlier, that IGRs are safe for most of the non-target biota including
invertebrates, fish, birds, and other wildlife; as well as to man and domestic animals;
present study, explores Lufenuron, an insect growth regulator (IGR)asa probable
mosquito control agent. Lufenuron, a Chitin Synthesis Inhibitor (CSI), targetschitin, a
molecule present in the exoskeleton of all life stages of insects.In the present study, the
growth inhibition and growth arrest efficacy of Lufenuron was investigated by
exposing third instar larvae of Aedes aegyptito graded dosesof Lufenuron under
controlled laboratory conditions as per WHO protocol for IGRs. Simultaneous controls
were run to assess the efficacy of Lufenuron on Aedes aegypti.The impact of the
investigated IGR on larval growthof Aedes aegypti was monitoredby studying various
life parameters; such as larval and pupal mortality, formation of intermediates at larval
or pupal stage,larval and pupal longevityand the adult emergence.Our investigations
showed that larval exposure to 0.002 ppm Lufenuronin Aedes aegypti increased the
length oflarval and pupal development period and resulted in formation of appreciable
number of larva-pupal as well as pupal-adult intermediates. The pupal development ©©
adults was delayed by 2 days as compared to thatin control larvae. Apart from these the
IGRinhibited the emergence of 50% adults (El,,) causing suppression of next

generation and also delayed the emergence of rest of the adults. Remarkably, even at

lower. concentrations, Ae. aegypti were arrested at fourth instar stage for a prolong®
duration of 9-11 days. Neve

rtheless, larval e fenuron induce
1009 adult Emergence Inhibition (E1..) The 1I0R courterrost amplete growthar
iarval stagecausing appreciable mortality and, resulting in the formation of increase
puober oflarval-pupal intermediates as compared to those recorded on exposur u;
0.002. ppm. Our studies showed that Lufenuronis an effective Growth Regu.laf;"
affectn)g various life parameters and development of Aedes aegypti negative ,d
Potential use of Lufenuron as control agent of Ae. aegypti will be discussed an
recommendations will be made for mosquito control étrategy in the fields.
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Chapter

Design and Growth of Metal
Oxide Film as Liquefied Petroleum
Gas Sensors

Rakesh Kumar Sonker, Saroj Radheyshyam Shabajeet,
Rahul Johari and Balchandra Yadav

Abstract

Nowadays innovations in synthesis methods for metal oxide-based nanomaterials
such as nanostructured and both physical and chemical route techniques have been
adopted by various researchers around the world. The investigation has been focus
ing on various deposition parameters for fabricating nanostructured metal oxide.
Gas sensors that use metal oxide materials are broadly utilized in industry to monitor
combustion processes. While they are economical to powerful in high temperature
environments, many of these instruments are not selective towards the species of
interest when placed in a stream composed of multiple gases. Research on nanostruc
tured metal oxide materials has generated great interest in scientific community.
Metal oxide is a chemically stable, harmless, biocompatible, inexpensive material with
very high dielectric constant and interesting photocatalytic activities. It is a wide-gap
semiconductor and depending on its chemical composition, it shows a large range of
electrical conductivity. Synthesis strategies regarding nanocomposites of metal oxide
with other inorganic and organic materials sensing activities has been reviewed. The
measure response of metal oxide film-based sensor highat low concentration of LPG,

Keywords: metal oxide, thin film, deposition technique, LPG sensor

1. Introduction

Liquefied petroleum gas (LPG) is the composition of hydrocarbons mainly
propane and butane. The lower explosive limit (LEL) as specified by National
Institute for Occupational Safety and Health (NIOSH) and Occupational Safety
and Health Administration (OSHA) standards for chemical hazards is 21,000 ppm
(2.1% by volume in air) for propane and 19,000 ppm (1.9% by volume in air) for
butane. The permissible exposure limit (PEL) for LPG as specified by NIOSH and
OSHA standards is 1000 ppm [1]. LPG is mostly used as fuel for vehicles and as
cooking gas for household applications. Exact observing of leakages of LPG even at
low concentrations can be useful to avoid accidental explosions [2, 3]. Sensors have
turned into an indispensable piece of the cutting-edge human progress attributable
to its significance, where metal oxides have played a major role as reliable sensor
materials. Nanoparticle do research presents broad scope for the growth of novel
solutions in the field of healthcare, cosmetics, optics and electronics. Varying
their sub-atomic and nuclear states results in surprising results, which may not be

conceivable by utilizing the materials in their unique states. A few metal oxides
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Charu Khosla Gupta, Medha Jha, Manohar S. Bisht and Arijit Chowdhuri
Acharya Narendra Dev College (University of Delhi), New Delhi

Email: arijitchowdhuri@andc.du.ac.in

Literature reports indicate that air pollution is a global problem that influences human
health and well being, food production, climate, visibility to the greatest extent while
degrading the ecosystem. Around 7 million people die annually from exposure to fine
and ultra fine particulate matter (PM) which are known to penetrate deep into lungs and
cardiovascular system causing diseases like eye irritation, skin problems, stroke, heart
ailments, lung cancer, Chronic Obstructive Pulmonary Diseases (COPD) besides other
respiratory infections [WHO 2018]. Further, 91% of the world’s population inhales poor
quality air that exceeds prescribed WHO guidelines and situation is worse in developing
countries. Since transportation constitutes an integral part of daily life hence exposure to
PM during the same is expected to greatly influence human health. In the current

investigation real-time monitoring of ambient PM [both large >2.5ug/m*® and small (0.5-

2.5ug/m%)] concentrations in different modes of public transport viz. Delhi Metro, AC
bus, non-AC bus, Gramin sewa and walking) were studied. For PM measurement a true
LASER particle counter based air quality monitor (DYLOS - 1700, USA) with automatic
data acquisition facility was used. Spatial and temporal variation of coarse and fine PM
concentration levels within different modes of transport catering to population belonging
to different economic strata, were measured and the amount of exposure in 1 — hour
(typical travelling time) studied. Observed values of fine PM concentrations (0.5 -
2.5ug/m®) in different modes of transport indicate, alarmingly high values that sometimes
are noted to be 5 to 12 times the prescribed limits set by NAAQS and WHO respectively.
The current investigation assumes importance because it can be used for development of
standardized methods for PM sensing including targeted research, advanced monitoring
strategies and inter-comparisons. Also, the study can potentially be used for projecting the
nature and magnitude of PM pollution in affected cities of India while developing
strategies to mitigate the same.

Key words: Air Quality Monitoring, Particulate Matter, Public Transport, Human Health
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Gauging the Comprehension about Environmental Awareness,
Conservation and Sustainability Amongst Primary, Secondary and
Undergraduate Students for Precisely Defining Exposure—Response

Relationships of Pollution on Health.

Arijit Chowdhuri, Sakshi Saraswat, and Charu Khosla Gupta
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Email: charukhoslagupta@andc.du.ac.in

Worldwide anthropogenic activities have led to degradation of environment in multitude
of ways and this has in turn precipitated climate change. Unplanned urbanization and
industrialization has impacted the quality of breathable air, quality of potable water and
contamination of food through contaminants like chemical, nuclear, radioactive, gaseous
and particulate matter etc. Rapid urbanization has its own pitfalls and which has led to
unplanned development, deforestation, habitat destruction, depletion of water table due to
construction etc. to name a few. Literature indicates fraction of the global burden of
disease attributable to environment is 22% (WHO, 2016). Available statistics shockingly
list 14 Indian cities amongst the list of 20 most polluted cities of the World in terms of
fine Particulate Matter (PM,5). For mitigation of the same and alleviate related adverse
health effects, there is an immediate need for targeted research, projecting the nature and
magnitude of pollution and assessment of exposure-response relationships. Since the
chasm of environmental pollution is exceedingly quite large between developing and
developed countries a need was felt to gauge the level of environmental education
amongst the citizens of tomorrow. In the current investigation a survey on Environmental
Awareness amongst the students pursuing primary, secondary and undergraduate levels of
study respectively was carried out addressing basic issues associated with environment -
awareness, conservation and sustainability. The survey was conducted with 100 people
revealing disappointing results. Today, when our future relies on sustainability; only 25 %
people were completely aware of the term and could relate its concept with environment.
It was saddening to realize that only 2 % students related themselves to environment or
saw themselves as a part of it. Thus it has become a need of the hour to start stressing on
Environmental Education more than ever before and make it a crucial part of our
curriculums at both schools and colleges.

Key words: Environmental Education, Awareness, Sustainability, Mitigation
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FOREWORD

Information and Communication Technology (ICT) has influenced our
life in a great way. ICT has literally made inroads into almost all major
disciplines across science, social sciences, languages, arts and medicine,
etc. It has the potential to create newer avenues for employment, help us
communicate and collaborate better, learn, and understand the nature
and phenomena as well as improve our skills and standards of living.
Policymakers across the globe today agree with the potential of ICT in the
teaching-learning process and recommend ICT to be a part of school and
teacher education curriculum.

Rapid advancements in Information and Communication Technology
(ICT) have created unprecedented opportunities in the field of education
and school education in particular. Mastering ICT skills and utilising
ICT is of utmost importance for teachers and learners for creating a new
learning culture.

ICT is stated to have motivational power. It enables students to enjoy
learning as an active participant, such as by bringing the outside world
into the classroom or by enhancing one-to-one, one-to-many and many-to-
many interaction, among peers, teachers, experts and others. Furthermore,
ICT has also helped the students in learning new skills, such as searching
and locating appropriate information, making informed choices,
learning to recognise the authenticity of sources and collaborating with
other learners.

Today, we are living in an interconnected world where ICT-based
applications influence the way we learn, communicate, commute or
even socialise. Developments in the twenty-first century skills, such
as communication, creative and critical thinking, problem solving,
collaborative learning, etc., are essential at the school level. ICT plays a
key role in developing these skills.

This book aims to introduce the world of ICT and its applications. It will
help students to learn, prepare, present and communicate their thoughts,
ideas and content through various digital formats, i.e., text, image, audio
and video, etc.

The book will also help students to understand the potential of Internet
as well as the safety and security issues related to it, and the ways in which
one can safeguard themselves against malicious activities and incidents
happening in the cyber world.
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As an organisation committed to systemic reform and continuous
improvement in the quality of its products, NCERT welcomes comments
and suggestions from all the stakeholders, which will enable us to revise
the content of the textbook.

HRUSHIKESH SENAPATY

Director
New Delhi National Council of Educational
March, 2018 Research and Training
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PREFACE

It is well accepted that Information and Communication Technology (ICT)
has an immense potential to impact learning. Also understanding the
basics of ICT and mastering the skills is essential and must be regarded
as a core part of education, along with reading, writing and numeracy.
The recent efforts of the Government of India (Gol) seeks to deepen the use
of ICT in almost every sphere of life. The Digital India Campaign (2015)
strives to transform India into a digitally empowered society and knowledge
economy by focussing on three vision areas — Digital Infrastructure as Core
Utility to Every Citizen, e-Governance and Service on Demand and Digital
Literacy and Empowerment of Citizens. The three cardinal principals of the
draft New National Education Policy (2016) viz., access, equity and quality
could be served well by harnessing the huge potential of ICT. The National
Curriculum Framework (2005) recommends to recognise that given the
space, time and freedom, children generate new knowledge by engaging
with the information passed on to them by adults. The curricula for ICT in
education lays an emphasis on empowering the students in a way so that
they may get an access to a variety of resources, learn to critically appraise
information and resources, and make safe, productive, ethical and legal
use of resources.

The Present Class IX Textbook of ICT takes into account goals of the
New Education Policy, the recommendations of National Curriculum
Framework (2005), the Curricula for ICT in Education and visions of Digital
India Campaign (2015). This textbook is an attempt to foster creativity,
problem solving and to introduce students to the world of Information
and Communication Technology (ICT), which may also shape their future
career pursuits.

The textbook contains eight chapters under four learning strands
viz. 'Connecting with the World', 'Connecting with Each Other', 'Creating
with ICT' and 'Interacting with ICT'. It has been carefully designed with
meticulous efforts of the Textbook Development Team comprising School
teachers, subject experts, academicians and technical experts from
government, non-government and private entities. Some of the members
worked at the advisory level while others contributed towards the actual
development activity as core team members and members of the textbook
development committee. It is hoped that the students will appreciate
the immense potential of ICT and will be encouraged to explore and
learn further. The textbook writing team has tried to bring a conceptual

2019-20

Page No. 86

Page No. 86

28-Feb-19 3:39:54 PM



Prelims.indd 6

coherence. The pedagogy and the use of easily understandable language
are at the core of the efforts without sacrificing the technical aspects of
the subject.

This book has some features which are earnestly expected to enhance
its usefulness for the students and teachers. The book contains nine
Quick Response (QR) codes linked to relevant digital resources (text, audio,
video, and interactive content, etc.). The first QR code is to access the
complete digital textbook. The subsequent QR codes will help to access the
relevant digital resources linked to each chapter. There are some questions
which require critical thinking which would make students think about
real-time applications of ICT. The textbook also includes a large number
of examples in order to clarify the concept and to relate these concepts to
everyday real-life situations. The inside box in the chapters are introduced
to highlight the special features of the concepts covered, which require
additional attention of the students.

Completion this book has only been possible due to the continuous
support of many professionals and experts. We express our gratitude to
Director, NCERT, for entrusting us with the task of developing this textbook
as part of a national effort for improving school education.

The draft received excellent academic inputs from students, experts
and other practitioners who sincerely suggested improvement during the
development of this book. We are thankful to all those who provided these
inputs to CIET, NCERT. We are also thankful to the all the members of
development and review workshops, language editors and to team DIKSHA
for rendering technical support for developing QR codes.

We welcome suggestions and comments from our valued users,
specially students and teachers. We wish our young readers of Class IX
have an exciting and enjoyable engagement with the world of ICT.

AMARENDRA BEHERA

Joint Director
Central Institute of Educational Technology

(vi)
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1f

THE CONSTITUTION OF
INDIA

PREAMBLE

WE, THE PEOPLE OF INDIA, having
solemnly resolved to constitute India into a
'[SOVEREIGN SOCIALIST SECULAR
DEMOCRATIC REPUBLIC] and to secure
to allits citizens :

JUSTICE, social, economic and
political;

LIBERTY of thought, expression, belief,
faith and worship;

EQUALITY of status and of opportunity;
and to promote among them all

FRATERNITY assuring the dignity of
the individual and the °[unity and
integrity of the Nation];

IN OUR CONSTITUENT ASSEMBLY

this twenty-sixth day of November, 1949 do
HEREBY ADOPT, ENACT AND GIVE TO
OURSELVES THIS CONSTITUTION.

Subs. by the Constitution (Forty-second Amendment) Act, 1976, Sec.2,

for "Sovereign Democratic Republic" (w.e.f. 3.1.1977)

2. Subs. by the Constitution (Forty-second Amendment) Act, 1976, Sec.2,

for "Unity of the Nation" (w.e.f. 3.1.1977)
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SYNTHESIS OF SILVER NANOPARTICLES USING TERMINALIA BELLERICA:
PHYSICOCHEMICAL CHARACTERIZATION AND THEIR ANTI-BIOFILM EVALUATION
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‘Department of Chemistry, Acharya Narendra Dev College, University of Delhi, Govindpuri, Kalkaji, New Delhi-110019;

dCSIR-Institute of Genomics and Integrative Biology, Mall Road, Delhi-110007, India.

OBSERVATIONS

INTRODUCTION

Synthesis of metallic nanoparticles is a momentous area of
research in modern material science. Various research
groups across the world are synthesizing these nanoparticles
for their antibacterial, optical, catalytic and magnetic
properties along with their use in targeted drug delivery in
model organisms. Silver nanoparticles have attained a
special focus because they show many applications in several
fields like diagnosis, antimicrobials, catalysis and
microelectronics. Many methods have been reported for the
synthesis of silver nanoparticles. In the present study, green
synthesis of silver nanoparticles was carried out using the
stem extract of Terminalia bellerica.

OBIJECTIVES

|

v  Green synthesis of silver nanoparticles by using stem extract of
Terminalia bellerica

v Physico-chemical  characterisation  of  synthesised  silver
nanoparticles

v’ Determination of catalytic activity of synthesised silver
nanoparticles

v’ Anti-biofilm activity of silver nanoparticles

APPLICATIONS
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Targeted drug
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METHODOLOGY

Stem of plant Terminalia bellerica
converted into fine powder

U

Aqueous stem extract was prepared by heating for 4hrs and
thoroughly filtered (No turbidity)

I

AgNO, solution was added to the
aqueous plant extract and heated for 3hrs

I

Pellet was collected after centrifugation and washing
followed by lyophilisation to get dry powder

I

Characterisation of silver nanoparticles by UV-Vis
spectrophotometry, Dynamic Light Scattering and Zeta

|| F+AgNO,
solution

ul
1

Absorbapce

300 350 400

Fig 1: Plant
extract

Fig 2: AgNPs
solution
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Fig 4: Size of AgNps (DLS)
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Fig 5 : Zeta potential of AgNps (DLS)

Absorption
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p-Nitrophenol

Wavelength(nm)

Fig 6: Catalytic Activity of silver nanoparticles with p-nitrophenol in
presence of NaBH4

No biofilm

ll o

N

Fig 7: Antibiofilm assay on silver nanoparticles depicts (A) Control 1: Gram positive
Catalytic activity and antibiofilm bacteria forms biofilm on microtitre plate wall (B) Control 2: Gram negative
evaluation of silver nanoparticles bacteria forms biofilm on the same substrate while in (C) Test : No biofilm
were evaluated formation was found on microtiter plate prior coated with silver nanoparticles.
- /
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ANTIBACTERIAL AND ANTI-
BIOFILM ACTIVITY

Biofilms are multimicrobial communities enclosed in self-
synthetized polymeric matrices, attached to biotic or
abiotic surfaces. Biofilms are ubiquitous and nearly all
species of microorganisms, bacteria, fungi, yeasts, algae,
protozoa, and viruses are able to adhere to surfaces
and/or to each other to form biofilms. Quorum sensing
(QS) is a bacterial cell-cell communication process that
involves the production, detection, and response to
extracellular signaling molecules called autoinducers.
Silver known for it promising effects against clinical
pathogens  either performing bactericidal or
bacteriostatic effects. Herbal synthesized silver
nanoparticles  screened for different  bacteria
(Pseudomonas auruginosa, Staphylococcus aureus) and
antibiofilm activity was evaluated using bacterial strains
(Escherichia coli, Staphylococcus aureus).

/ Unattached cells Exopolymer matrix WS

Surface growth  Monolayer Microcolony Biofilm

Fig 8: Biofilm formation by microbes

Image adapted from http://ib.bioninja.com.au

DISCUSSION

The silver nanoparticles were made by using Silver nitrate and
ag. Stem extract of Terminalia bellerica and presence of silver
nanoparticles were confirmed by colour change from light to
dark and also from UV-Vis spectrophotometry, the
characterised maximum absorption of 0.376 was shown by
silver nanoparticles at 459nm wavelenth which confirmed their
presence. AgNPs shows average size of 142.7 dnm. To measure
the stability of AgNPs zeta potential was measured. Zeta
potential was found to be -21.01 mv which confirms their high
stability. The stem extract of plant contained reducing and
capping agents which reduces silver ions from AgNO,; into
stable silver nanoparticles. It was found that AgNPs have
catalytic property as NaBH, reduces p-nitrophenol into p-
aminophenol significantly in the presence of AgNPs. Silver
nanoparticles also screened for antibiofilm activity against
Escherichia coli and Staphylococcus aureus. Silver nanoparticles
shows significant bacterial growth inhibition by inhibiting
biofilm formation.
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FUTURE DIRECTIONS

Work is under progress to perform further
characterisation of AgNPs like TEM, FE-SEM, FT-IR, XRD
and various biological activities like antimicrobial assay,
catalytic activity with azo dyes. Undoubtedly, it is
necessary to conduct further research on the toxicity of
silver nanoparticles in relation to living organismes.
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Abstract: Graphene oxide (GO), a 2-D carbon nanomaterial, large surface area, oxygen-containing groups (like:
hydroxyl, epoxy and carboxyl) and excellent water dispersibility due to it is good adsorbent dye removal from pollutant
water!. But it’s difficult to separate GO from water after adsorption. Therefore, Iron oxide was introduced in Graphene
oxide by decorating method to make separation more efficient?>. We present herein a one step process to prepare Magnetic
Graphene oxide (MGO). The Fourier transform infrared spectrometer (FT-IR), X-ray diffraction (XRD) and Raman
Spectroscopy characterized the chemical structure of the MGO composite. The adsorption of dyes onto MGO was
studied in relation to initial concentration of Dyes, contact time, adsorbent dose, temperature and pH value of solution.
We have studied adsorption capacity of different dyes (Methylene blue and crystal violet) by MGO.

Keywords: Graphene oxide, Iron oxide, methylene blue, crystal violet and Adsorption.

INTRODUCTION

The contaminants (dyes, heavy metals etc.) in water are growing rapidly due to the lack of knowledge about their
effect on living species these contaminate effecting our life slowly but regularly. Therefore, we need a technology
that can reduce effect of these contaminants. So many technologies are being used, adsorption technology is one of
the growing technologies because it can be used in large scale and it is cost effective. For maximum adsorption a
material should contain maximum oxide group, there are so many adsorbent materials available in the market. The
new era going to start in the field of electronics, bio-sensing, gas-sensing, optics, water purification, mechanical,
catalyst, and drug delivery agent etc., 3due to the world first 2-D material (Graphene) has arrived. Graphene is a one
atom thick, single sheet of carbon atom arranged in honeycomb structure. Its sister materials are also gaining
tremendous interest of researchers in the above applications. Graphene oxide, oxidized form of Graphene is a unique
2-D material which has different types of oxide groups (-OH,-C-O-C-, C=0O and —COOH) available on its basal
plane?, therefore GO is very suitable for adsorption of contaminants. But for maximum use of adsorbent material
recyclability should be high. The recyclability of GO is low to overcome this drawback in GO, magnetic
nanoparticles comes in the role'. In this paper we have synthesized MGO by co-precipitations method Zand two dyes
(methylene blue and crystal violet) were used for adsorption for different temperature, pH, contact time and
concentration of dosage.

EXPERIMENTAL SECTION

Materials: All the chemicals used e.g. Graphite, methylene blue Sulfuric acid, KMnO4, sodium nitrate, and
hydrogen peroxide were all of analytical grade.

Graphene oxide preparation: Graphene oxide (GO) will be prepared from graphite powder by a Hummer’s
method. In this method Graphite (1 g), sodium nitrate (NaNO3, 0.50 g) and concentrated sulfuric acid (H2SO4, 23
ml) added into a 500 ml flask kept at 5°C in an ice bath under continuous stirring for 5 min. Then, potassium
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permanganate (KMnO4, 3 g) was slowly added into the flask to prevent strong reaction at local points. The reaction
mixture was then maintained at 5°C for 2 h and then the reaction temperature was slowly raised to 35°C and kept
for another 30 min with vigorous stirring. Deionized water (46 ml) was added to the suspension and as consequence
of the hydration heat the temperature increased to 98°C. The bath was kept at this temperature for 30 min with
stirring. The reaction was then finished by adding deionized water (140 ml) and hydrogen peroxide (10% v/v, 10
ml). The resulting product has a brown yellowish color and was separated by vacuum filtration from the solution.
The resulting GO powders were washed 5 times with diluted HCI1 (5%, 200 ml) solution and warm (70°C) deionized
water to remove the remnant Mn ions and acid respectively and later dried in air at 60°C into an oven by 12 hours.5

Preparation of M/GO Composite: FeCI3 solution (1 M, 2 ml) and FeCI2-4H20 solution (0.5 M, 2 ml) were
added in a flask, and the mixture was stirred at room temperature for 20 min to dissolve the iron salt. After that GO
was added, the mixture was stirred for another 20 min. Subsequently, 20 mL of ammonia solution was added and
black MGO was formed immediately. 1

Dye Adsorption: 50ml of dye solution was shaken with Smg MGO on shaker with 150 rpm at room
temperature. pH value of dye solution adjusted by 0.1M NaOH or 0.1M HCI using pH meter. After this, adsorbent
was separated using strong permanent magnet from dye solution. Dye concentration calculated by UV-vis
spectrophotometer. The percent removal of dye solution by MGO was calculated using this formula:

(Co — Ce) x100
Where Co and Ce referred as initial and equilibrium concentration of dye solution respectively.

Characterizations: In FTIR spectra of MGO peak appeared at 566cm-1, which corresponds to the stretching
mode of Fe—0.6The peaks at 1207.95, 1374.25, and 1720 cm-1 correspond to C—O—C stretching vibrations, the
C—O-H deformation vibrations, and the C=0 stretching vibrations of the —COOH groups, respectively.7 The broad
and intense band observed at 3365.04cm-1 can be ascribed to the stretching vibrations of —OH and at 1529.86 cm-1
corresponds to aromatic skeletal C=C stretching vibrations8.In the Raman Spectroscopy of MGO, the peaks at
278,504 and 936 cm-1which corresponds to Fe3049. We are getting signature peak of GO, D peak (1348cm-1) ,
which relates to defects and G peak (1603cm-1) which contributes to carbon-carbon stretching (SP2 hybridization).
For the XRD pattern of pure Fe304, the peaks of 30.22°, 35.66°, 43.23°, 53.70°,58.45° and 62.78°corresponded to
(220), (311), (400), (422), (511), and (440) planes.10 The FTIR, Raman and XRD spectra of synthesized composite
are shown in Fig. 1.
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FIGURE 1: Showing FTIR (A) , Raman (B) and (C) XRD of MGO .
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RESULTS AND DISCUSSION

The adsorption percentage of MB (4ppm) and CV (4ppm) at different temperatures, contact times, dose of
composite of MGO and pH was studied in detail as shown in Fig.2. The maximum adsorption was observed at 328
K for both the dyes and calculated percentage adsorption was 100% for MB and 85.25% for CV. In the contact time
analysis, exponential increase was found for both dyes up to 35 min. of contact time after that constant adsorption,
(88.6% for CV) and (96.34% for MB) was observed. The MGO dose was found to be 5mg for both dyes and
percentage adsorptions were 96.34% for MB and 85.65% for CV. At last, pH analysis shows maximum adsorption
at pH-6 and percentage adsorptions were 82.92 % for MB and 78.65% for CV. The adsorption capacity for MB is
114.45 mg/g and for CV 82.94 mg/g, the concentration of MB and CV were 4 mM. Adsorption depends on oxide
groups present in the GO. The oxide group depends on synthetic process used for GO preparation. In our
synthesized magnetic GO we are getting higher adsorption for MB then the reported one'. Chang et al' had reported
the adsorption of 85.64mg/g MB dye at concentration of dye 4mM but in this article the adsorption of 114.45mg/g

was observed.
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FIGURE 2: showing Percentage adsorption at different temperature(a), Dose of composition (b), pH(c), and contact time(d).(e)
Removal efficiency of MGO adsorbent in six successive cycles of desorption-adsorption compared with the original adsorption
capacity, (f & g) before and after adsorption of MB and CV respectively. Blue color indicates to MB and Dark brown to CV.

CONCLUSION

The M-GO composite has been synthesized by co-precipitation method, related characterizations conforms the
formation of composite. Percentage adsorption of MB and CV were checked at different temperatures, contact time,
pH and dose of adsorbent. Maximum adsorption capacity for MB is 114.45 mg/g and for CV it is 82.94 mg/g.
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Information Technology has continuously been crossing the barriers
of access and communication and reaching more and more people.
The number of internet users in India has been on the rise. The
tremendous growth in computer science, telecommunications
and information technology has resulted in automation of various
tasks and contributed to the ease of living. Technology has made
continuous inroads into diverse areas—be it business, commerce,
science, sports, health, transportation or education. Today, we are
living in an interconnected world where computer based applications
influence the way we learn, communicate, commute, or even socialise.

With so many users of information and communication
technology (ICT), huge voiumes of data are continuously generated
at an unprecedented rate. Many innovative business models are
being evolved which utilise such data to reach potential customers
in a more targeted way. Government agencies are also using data
to deliver services and fast track progress of different programmes,
strengthen accountability and to make more informed decisions.
This has been creating better opportunities for our youth not only to
enter the field of technical education but also in the world of work.
NCERT, for the first time, has developed a textbook on ‘Informative
Practices’ to develop skill sets in students to make use of the
opportunities provided by ICT.

This book focuses on the fundamental concepts related to
handling of data while opening a window to the emerging areas of
data processing. It seeks to address the dual challenges of reducing
curricular load as well as introducing the latest development in the
field of ICT.

As an organisation committed to systemic reforms and continuous
improvement in the quality of its curricular material, NCERT
welcomes comments and suggestions to cnable us to bring about
necessary changes in its further publications.

HRUSHIKESH SENAPATY

Director
New Delhi National Council of Educational
July 2019 Research and Training
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In the present education system of our country, specialised/discipline
based courses are introduced at the higher secondary stage. This stage
is crucial as well as challenging because of the transition from general
to discipline-based curriculum. The syllabus at this stage needs to have
sufficient rigour and depth while remaining mindful of the comprehension
level of the learners. Further, the textbook should not be heavily loaded
with content.

We are living in an era where information drives many of our
socio-economic decisions. Millions of people are accessing internet round
the clock for availing various services and thereby generating vast amount
of data. Processing of data is becoming a key skill with applications
across the disciplines. Thus, study of basic concepts of data handling
and analysis is becoming more and more desirable. There are courses
offered in the name of computer science, Information and Communication
Technology {ICT), Information Technology (IT), etc. by various boards and
schools up to the secondary stage, as an optional subject. These mainly
focus on using computer for word processing, presentation tools and
application software.

Informatics Practices (IP) at the higher secondary stage of school
education is also offered as an optional-subject. At this stage, students
can take up IP with the aim of pursuing a career in data science or related
areas after going through professional courses at higher levels. Therefore,
at the higher secondary stage, the curriculum of IP introduces the basics
of database management systems-and data processing. The book has eight
chapters covering the following broader themes:

¢ Basic understanding of computer systems and their evolution,
introduction to | software and their categorisation, computer
memory, awareness of emerging trends in the field of information
and communication technology.

e Basic constructs of a program using Python programming
language — program structure, identifiers, variables, flow of control,
advanced data types like Lists and Dictionaries.

¢ Handling data using specialised Python library called NumPy — concept
of single and multi-dimensional Array.

* Concepts of data, database, and relational database management
system using MySQL. Structured query language — data definition,
data manipulation and data querying.

Python programming language and NumPy are introduced using both
the interactive and script mode. A number of hands-on examples are given
in Python, NumPy and MySQL to gradually explain the methodology to
solve different types of problems and handle data. The programming and
database related examples as well as the exercises in those chapters are
required to be solved in a computer and verified with the given outputs.
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vi

The chapters in this book have two additional components — activities
for self assessment and ‘think and reflect’ to generate further interest in
the learner.

Group projects through case studies are proposed to solve complex
problems. Some exercises have been made in case-study form to promote
problem-finding and problem-solving skills.

These chapters have been written by involving practicing teachers as
well as subject experts. These have been iteratively peer-reviewed. Several
iterations have resulted into this book. Thanks to the authors and reviewers
for their valuable contribution.

Comments and suggestions are welcome to make this endeavour par
excellence.

Dr. Rejaul Karim Barbhuiya

Assistant Professor,
Department of Education in
Science and Mathematics, NCERT
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Abstract. We have demonstrated the impact of fabrication of pyramidal structure on Silicon (Si) wafer substrate in ZnO/Si
heterojunction on its structural and optical properties. The texture on Si substrate is obtained using wet etching method for
different time durations. Patterns of photoresist have been used to get desired size of the structure. Scanning electron
microscopy (SEM) of the samples shows a pyramidal structure on the surface of Si substrate. The thin film of ZnO material
on p-type planar silicon (100) and textured Si (100) substrate has been deposited by using RF magnetron sputtering
technique. ZnO thin films produce an anti reflection (AR) effect when deposited on silicon substrate. The structural and
optical properties of ZnO/Si (TS) heterojunction were studied by x-ray diffraction (XRD) and UV-Vis spectrophotometer
respectively. XRD patterns of the ZnO/Si and ZnO/Si (TS) heterojunctions show the orientation of the ZnO film fabricated
on silicon substrate. Their reflectance spectra show reduction in reflectance proportional to increase in time duration of
texturization. This study indicates that ZnO/Si (TS) heterojunction may be utilized in various heterojunction and
photovoltaic devices for reduction in reflection of incident light.

INTRODUCTION

Silicon is the first choice for manufacturing solar cells in present scenario due to the facts that it has the potential for high
efficiency, reliability, easily availability in the earth’s crust, most widely studied literature. In silicon based solar cells one of the
prominent issues is high reflection of the solar radiation by the silicon surface. Due to this optical loss, a limited efficiency of the
solar cell is achieved. To reduce the reflectance, an anti- reflection coating is used on the silicon surface. ZnO (Zinc Oxide) thin
films have got an important place in ZnO/Si heterojunction solar cells as anti-reflection (AR) coating [1,2]. The reason for using
ZnO as an anti- reflecting coating is that there is much difference in the refractive indices of Si and ZnO [4,5,6]. ZnO has a large
optical bandgap in the range of 3.3 to 3.7 eV, which are transparent in the visible region. Also ZnO has good adhesion properties
and hardness. ZnO thin films have got multiple applications ranging from UV light emitters, varistors, transparent high power
electronics, surface acoustic wave devices, piezo-electric transducers, chemical and gas sensing devices etc. ZnO has a direct band
gap (3.37 eV), a high exciton binding energy (60 meV) at room temperature and a wurtzite crystal structure. ZnO thin films have
been proved to be a good choice as anti-reflection coating (ARC) in solar cells.

Texturization of the silicon surface (TS) can further enhance the light trapping in the ZnO/Si (TS) heterojunction. Texturization
provides better absorption of incident light by means of second reflection. Fig. 1 shows an indicating diagram of light getting
reflected from a texturized surface [17]. Also bigger surface area becomes available for absorption of light which in turn reduces
the level of reflectance by the silicon surface [3].
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Abstract. In this paper, thin film of ZnO nanoparticles deposited on a planar Si (100) and a textured Si (100) substrate
are investigated. Chemical etching is used to prepare textured Si substrate and RF magnetron sputtering is used to
deposite ZnO thin films. The surface morphology and reflectance are studied with SEM and UV-VIS Spectroscopy,
respectively. Structural morphology of the etched wafer indicate random pyramidal structures. Optical study indicates a
significant reduction in reflectance for textured silicon (TS) heterojunction in comparison to planar Si (PS)
heterojunction. This study promotes the study of heterojunction devices and surface texturing for light management in
various optoelectronic devices.

INTRODUCTION

Silicon is widely used in optoelectronic devices under various structural morphologies [1]. Surface reflections
contribute to major optical losses in the system. It has motivated a group of scientists to tackle this problem [2]. One
of the popular methods to reduce the reflection is Surface Texturing. The texturization of the silicon surface leads to
an increase in its topographic irregularities which results in an increased effective surface area. Anisotropic etching
is one of the most accepted for texturization of industrial silicon solar cells to reduce reflection losses from the front
surface [3-6]. Alkaline solutions are the main anisotropic etchants, where the main component can be either an
organic or an inorganic compound [7]. Sodium Hydroxides (NaOH) or Potassium Hydroxide (KOH) are the popular
inorganic solutes which are mixed with isopropyl alcohol (IPA) and water. In this study, texturization based on
alkaline anisotropic etching was investigated using KOH as alkaline etchant and IPA as a surfactant [8]. Adding IPA
can improve the wettability of silicon surface and control the etching rate. It prevents an explosive reaction between
the silicon surface and the OH-ions [9-10]. Etching of silicon in KOH solution has the advantages of simplicity, ease
of handling, low-cost and homogeneous etching rate of the (100) crystal plane [11].

Zinc oxide (ZnO) is a low-cost, non-toxic material. It has high optical transparency and low resistivity. It can be
deposited at low temperatures. As a result, it finds applications in a wide range of semiconductor devices [12-15].
ZnO films can be deposited by a variety of techniques like spray pyrolysis, molecular beam epitaxy, thermal
evaporation, RF magnetron sputtering, sol-gel and others [16]. It acts as a n-type semiconductor when deposited on
top of p-Si. ZnO/Si heterojunction shows an excellent response in optical spectrum and relatively simple to
fabricate.

In the present work, we optimize the process of surface texturization to reduce reflections from the top surface of
solar cell. We have also fabricated ZnO/Si heterojunction solar cells with textured and plane Si wafer. A thin film of

3rd International Conference on Condensed Matter and Applied Physics (ICC-2019)
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Design and Growth of Metal
Oxide Film as Liquefied Petroleum
Gas Sensors

Rakesh Kumar Sonker, Saroj Radheyshyam Shabajeet,
Rahul Johari and Balchandra Yadav

Abstract

Nowadays innovations in synthesis methods for metal oxide-based nanomaterials
such as nanostructured and both physical and chemical route techniques have been
adopted by various researchers around the world. The investigation has been focus-
ing on various deposition parameters for fabricating nanostructured metal oxide.
Gas sensors that use metal oxide materials are broadly utilized in industry to monitor
combustion processes. While they are economical to powerful in high temperature
environments, many of these instruments are not selective towards the species of
interest when placed in a stream composed of multiple gases. Research on nanostruc-
tured metal oxide materials has generated great interest in scientific community.
Metal oxide is a chemically stable, harmless, biocompatible, inexpensive material with
very high dielectric constant and interesting photocatalytic activities. It is a wide-gap
semiconductor and depending on its chemical composition, it shows a large range of
electrical conductivity. Synthesis strategies regarding nanocomposites of metal oxide
with other inorganic and organic materials sensing activities has been reviewed. The
measure response of metal oxide film-based sensor highat low concentration of LPG.

Keywords: metal oxide, thin film, deposition technique, LPG sensor

1. Introduction

Liquefied petroleum gas (LPG) is the composition of hydrocarbons mainly
propane and butane. The lower explosive limit (LEL) as specified by National
Institute for Occupational Safety and Health (NIOSH) and Occupational Safety
and Health Administration (OSHA) standards for chemical hazards is 21,000 ppm
(2.1% by volume in air) for propane and 19,000 ppm (1.9% by volume in air) for
butane. The permissible exposure limit (PEL) for LPG as specified by NIOSH and
OSHA standards is 1000 ppm [1]. LPG is mostly used as fuel for vehicles and as
cooking gas for household applications. Exact observing of leakages of LPG even at
low concentrations can be useful to avoid accidental explosions [2, 3]. Sensors have
turned into an indispensable piece of the cutting-edge human progress attributable
to its significance, where metal oxides have played a major role as reliable sensor
materials. Nanoparticle do research presents broad scope for the growth of novel
solutions in the field of healthcare, cosmetics, optics and electronics. Varying
their sub-atomic and nuclear states results in surprising results, which may not be
conceivable by utilizing the materials in their unique states. A few metal oxides

1 IntechOpen
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Biochemistry: Laboratory) for the students of B.Sc. General (With Zoology),
IGNOU, New Delhi.

e

(Neera Kapoor)

Page No. 118



Page No. 119

BRED POPULATION OF Aedes
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| s Roopa Rani Samal'®", Sarita Kumar'
; {Acharya Narendra Dev College, India
INTERNATIONAL CONFERENCE AND THE 10th CONGRESS University of Delhi, Indla

OF THE ENTOMOLOGICAL SOCIETY OF INDONESIA sCorrespondence: rupasamal29@gmail.com
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th constant rise in cases of Zika, dengue and Chikungunya worldwide,

W ks i has become a principal concerm. The most recommended plan
"’d“mw-bm diseases primarily lies in vector management and disturbing,
"j“ﬂ-nl ission cycle. Wide-ranging use of different classes of organic
g B osquito control has led to the development of high levels of
Mﬂﬁn‘g them less operative at safe dosages imposing us to explore novel
- Present  study investigates  the bio-efficacy of a neonicotinoid
iocd on the Aedes aegypti larvae, development of resistance affer subjamng
gesmiprid selection pressure for 10 successive seu_mticm and biochemical
-stion of the resistance developed. Acetamiprid exposure of the parent

ion of A. aegypti early fourth instars resulied in respective LCs and LG
alkes of 0,188 ppm and 1.315 ppm. Selection with acetamiprid for 10 successive
gamtions (ACSF-10) reduced its efficacy by 20-fold. Involvement of four enzymes,

dpha esterases, bela esterascs, Glutathione-S-transferases and ncﬂym nmrteta?s

adevelopment of acetamiprid resistance Was investigated to uncove

daccamiprid. An elt:vati(fn of 1.4-fold and 2.1-fold was observed malphlﬁt_ﬂﬁ
| edbeiz-esterases activity in ACSF-10 as compared t¢ ACSF-5. However, mgvsléylnu'

Beione5-tranferases decreased in ACSF-3 which rose 10 12-fold mhA_ -1
Sailarly, the activity of acetylcholine esterases Was found to be mu;j uhwindicm
"Sn! generations as compared 10 the parental strains. Qur res aca

o~

- —
= e

‘ ‘ dualisynergistic contribution of different enzymes leading 10 e
Learning from the Past. Adapting for the Futu ‘Mﬁcm Further research is being conducted to identify the role of target St
£ re: i resi
Advancements in Ethnoentomology and X e
PRGOS nces farpoct Sacudant e : dedes aegypri, acetamiprid, resistance, esterases, acetylcholing esterises
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Chemical control of dengue vector, Aedes aegypti is impaired dye
development of resistance to conventional inscc;icides. Insect Growth Regulatory
(IGRs) are considered more suitable and effective vector control agents as they
specifically inhibit chitin biosynthesis, a process absent in vertebrates, and impose fesy
adverse effects on beneficial insects and the environment. Present study investigates
Lufenuron, a Chitin Synthesis Inhibitor (CSI), as a control agent of de. aegypri.
Different instars of Ae. aegypti were exposed fo a range of concentrations of
Lufenuron as per WHO protocol. The investigations showed the effective hormone-
mimetic effect of Lufenuron resulting in the formation of a significant number of
larval-pupal and pupal-adult intermediates with the maximum number observed on
exposure to L3 (L-P=17%, P-A=21%). Approximately 20% of L2 instars either could

not moult and remained trapped inside the new exuviae or possessed bulged abdomen
while some showed ruptured exoskeleton. Our results showed increase in [E30 —from
L1 (0.00010 ppm) to L4 stage (0.00013 ppm); the L2 stage exhibiting maximum [E30
-(0.00025 ppm). The median emergence suppression (1E50) doses of the Lufenuron
were found to be 0.00057 ppm for L1, 0.00047 ppm for L2, 0.00050 ppm for L3 and
0.00096 ppm for L4. The results also revealed increased duration of larval
development and inability of pupae to develop into adults, as compared to the
controls. Qur investigations indicate the potential use of Lufenuron as the control

‘ ‘ agent of Ae. aegypti. Further research is being conducted to understand its mode of
Learning from the Past, Adapting for the Future: action to develop effective control strategies.
Advancements in Ethnoentomology and

Keyword: Aedes aegypti, emergence, growth inhibition, intermediates, lufenuron

Entomological Sciences for Food Securify and Health
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Rred Colton Bug, Dysdercus koenigii (Fabr.) (Heteroptera: Pyrrhocoridae) is a
Wﬁw pest of cotton and other economical erops in Asia. Nymphs, as well as the
- suck the sap from the green bolls and leaves of cotton causing
ing 0f YO  rotting of green bolls, stained cotton fibers and loss of seed
- ey, The present study evaluates the toxic and growth regulatory effects of a
oid, bela-cyt'imhnn against D, koenigii. The newly emerged fifth instars

phs WETE exposed 10 beta-cyfluthrin at concentration ranging from 0.00008% to
| ulof peta-cyfluthrin was topically applied on the dorsal

in 3 replicates, each replicate containing a batch
: . pbserved for mortality after 24 h. The nymphs were further
ared till adults 10 observe delayed toxicity effects and developmental apnormalities
if amy. Our result revealed significant lethal effects of beta-cyfluthrin on D, koenigit
wphs with LDs and LD7o values as U 0051% and 0.00076%, respectively. A
positive correlation was observed between percent nymphal mortality of D, koenigit
ad the dose of insecticide. The survived pymphal instars developed severdl
cn, abnormel adults with

1‘“‘"). dvelopment malformations; partial molting, ghrunk abdomen,
Ay ing from the Past, Adapting f wing deformities, adultoids and adults with attached exuvie. Further studies are being
Ent ancements in Ethnoentom a? or fthe Eulurs: onducted 10 ASSCSS the development of heta-cyfuthrin resistance in D- koemigh
omological Sciences for Fo ; & a"fj dlrategies to counter resistance. These results can PfO"i an. impo -T' o <

od Security and Health :;:::pi“g effective and desired strategies 10 control an nitor insecticide

, ’ nee in D. koenigit.
_— Keyword: Dysdercus koenigit, mortalits: peta-cy uthrits (oxicity, 3101
Tl LU-LM/
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PP.03

Development of Acetamiprid Resistance in dedes aeqpfi L.: Correlation with Growth
and Reproductive Fitness

Samal B.R.%, Sharma A., Panmei, K., Panmei, L. and Kumar, 5
Iﬁmmwmﬂegemmmﬁly of Delhn), Govmdpuri, New Delhi. India

Contimions nze m the dizeases fransmiutted by mosquitoes have created a grave situation
globally. Novel insecticides are confinuously being explored for management of mosquitoes
due-to their inherent ability to develop resistance against them In current investigations, the
early fourth mstars of Aeder aegypti L. were selected with acetanmpnd for 10 successive
generations. The potential of ds. asgypii to develop remstance to acetanmpnd and cross-
resistance to different classes of msecticides was assessed using standard WHO protocols.
reproductive fimess. Larvacidal ‘assays with acetamipnd against susceptible stram of de
aegypii larvae tesulted m respective LCs; and LCq values of 0.138 ppm and 1.315 ppm.
Selection with acetamiprid for 10 successive generations (ACSE-10) caused 20-fold larval
resistance and low levels of cross-resistance to crganophosphates and pyrethroids. These
ACSF-10 larvae exhibited 13-fold resistance to lambda-cyhalothrin and 11-fold to
reproductive disadvantage m Ade segypti. Larval exposure to the sublethal dose of
acetamiprid (LCzp) delayved the larval development in de gegypii considerably and induced
itermediates. A negative comelation between the acetamipnid resistance and reproductive
fimess m de aegypri was also ohserved causing reduced fertility and fecumdity. Our results
highlight the probable use of acetamiprid as a promising control agent against da. asgypH,
exerting mltifarions effects. Despite causing development of larval resistance, the
reprodoctive  disadvantage in resistant genotypes in the population can ehounate
strategies againsi Ae. aeg)pii.

Keywords: Aedar agoypti, Acetamipnd, Cross-resistance, Hormono-mimetic, Intermediates,
Fesistance )

INSECT PLANT BIOLOGY IN 21%' CENTURY: November 4-5, 2020 ‘
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Lufenuren: A Potential Azent to Contrel Inserticide Resiztant
Population of dedes asgypn L.

Pammei, K%, Samal, R, Panmei, L. and Kumar, 5.%
Acharya Narendra Dev Collage (Unrversity of Dellu). Govindpun, Mew Delln, India

Cmﬂmmsmumemda&n’—bmmﬁmdg]ﬂhalphtﬁmmhﬁm&dmabﬂd_
hmhahh.hadﬂﬁm,mnfmnukamrm&thnuﬂmlnﬂﬁn&hnmtmly
agzravated human and emvironment health issues: but has also made mosquitoes resilient. As
an alternate and eco-safe stratepy. we amm fo evaluate the effect of hfermron; a chitin
synthesiz mhibitor; on susceptible (S5) and acetarmprid-resistant (AR) Ade asgpr L.
population Eardy fourth mm=tars of AR and 55 stram= were exposed to graduzted dosages of
lufenwren and controls were expesed to the solvents alone as per WHO protocol with some
different hife parameters; larval and pupal mertzlity, formatien of intermediates at larval or
pupal stage, larval and pupal longevity and the aduli emergence; Lufenwon resulted in
sigmficant nesative mapact on the growth of de. aemiph larvae pre-exposed to acetammnd
mlﬁngmlj-ﬁﬂ&ﬁiglﬂwiuﬁhﬂﬂmﬂfaumdmm&dmtﬁ I
population. A totzl of 80% larval-pupal and pupal-adult méermediates were obzerved m AR 1
population oo exposure to just 0.005 ppm lufenuron; 52.5% higher tham the 55 deder
population. Other growth parameters were also mere adversely affected m acetamprid-
population of de. assypd. - As mosquitoes resistant to a parbenlar class of msechoide have-
tendency to develop cross-resistance to other classes of msecthcides . lnfemaron can be an
strategy m the fields.

Eevword:: dedss 2egvph. Emmergence. Growth inhitibon, Intermediates, Lufemon

/
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FP-07

Bicefficacy of Beta-Cifluthrin against Red Cotton Bug, Dysdercus kdenigii
(Heteroptera: Pyrrhocoridas)

FPammei, 1.7, Pamnei, K., Samal, B.R. and Eumar, 5.7

cotton and other economical crops m Amia. Despite of vanous control strategies, the pest 15
as a control agent, The tocoerty and morphosenstic ‘effects of beta-cyfhrthnm was evaluated
of nymphs were apphied wath lul of mraded concentrations of betz-cyfluthnn on the dorsal
effects were recorded. Exposed nymphs were reared nill adults to obsarve the delaved toone
on 5% instar mymphs of D. kbenigii resulted in LDsy and LD values of 0.00051%,
0.00076%; whle the values obtained m seed dip beoassay were 0.002% and 0.003%
respectively. This demonstrated 4-fold hizher efficacy of betacyfluthin as a2 contact
abdomen  attached sxnnae or wing deformuties, and appearance of adultoids; wdicate the
dalayed toxic and growth whibitmg effects of beta-cyfluthnn. Betz-cyfluthnm can be nsed as
can provide an mnportant base for developmg effective and dewwed strategmes against I
kerigii. Further studies are bems conducted fo assess the development of betz-eyfhuthnn
renstance m 0. kdemizii and strategmes to counter eaistance.

Eeywords: Dhodeeus kdemigii, Betz-cyfiuthrin, Topical hioassay, Seed dip bioassay,
Malformations

4
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FP-09
Effect of Dietary Stress of Emamectin Benzoate ou the Swrvival and Feeding Potency of
Helicoverpa armigera (Lepidoptera: Noctuidae)

Dagar, V.5.'%, Sharma, A." and Knmar, 8."

1A charya Narendra Dev College (University of Delhi), Govindpmi, New Delhi, India;
EI)qmtn:ntan:feSmml:SDSj Indira Gandhi National Open Unmveraty,
Mardan Garbi New Delhi. Indiz

*Corresponding Awthor: vimayi

Prasent sindy zssesses the effect of Emamectin benzoae, 3 soll actinonmyestes-denved
insecticide, on the survival and feeding of Helicoverpa ammizera. The leaf dip bicassays weme
conducted on the earty fmmth instars of 1. armigera, at controlled temperature (27+1%C) and
bumndity (80+5% RH) conditons. The castor leaves were cut m small dises measunng 3.3
mmdlmi!mdmmdmimmmlﬂ:mufﬁ&mmm(ﬂﬂﬁ-li
uz'ml} of Emamectin benzoate. The mitial area of each leaf disc was measured and provided
to the larvae The post-consumption area of each leaf disc was agamn measwred to assess the
diatary stress m larvae The lamval moatabity was recorded, of any. Feeding of H armizera
MWﬂiEmhnbmmm—tmdﬂah'MEMdMthdmﬂ.m
puirition and survival The hioassays remolted m 826 pe'ml 0095 pgiml and 0043 pz/ml
LD, vahuer, respertvely, offer feadime for 24k 48k amd 72h In additon. 3 remerkablz
property of Ernamectin benzoate, A positive corralation between concentration of Emarertin
benzoate and Larval Conmummption Index was recorded; the index dropped to 1.43-fold with
decrease 1 Emamectin benzoate concenfranon. The investzanons demonstrated efficacy of
Emamectin benzoate apainst A gmigera larvae. Emploving selective insectivide a5 a control
agent of Helicoverpa in the fields can be an effective control shatesy tackhng traditional

izsues such 2 past resistance and pest resursence: but only afier establishing ity safety against:

non-tarzed orgamisTes .

assay, Saval
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FP-11

Phyto-mediated Silver Nanocomposites as a Control Agent of dedes aegypn L.: Optimal
Formulation with Citrus Emiesta Peel Extract

Apzarwal D', Sharma, A.® Samal, B.E, Dagar. V.5.? and Kumar, 5.7

"Modern School, Barakhamba Road. New Delhi, India; "Department of Life Scisnces (SOS),
Indira Gandhi Manonal Open University, Maidan Garlu, ¥ew Delhi. India; "Department of
Zoolo=y, Acharya Marendra Dev College, Unrversity of Dellu, Kalka T, Mew Dielhi, India
Corresponding Author*: santakymaririznde du ac m
Botameal: are comsdered safe and effechve mosquitc control agents, s compared to
comventional msecticides. Use of effective botsnicals a1 nanoformmibations can further
foromilated with Cimes limotta peel extract (CLPE) and evalusted against dedes gempeti for
the comspronows eolour change of the solunon: from mahal pale vellow to final dark brown:
obtamed in the range of 416420 nm The optimal formulation of CLPE-AzNPs was obtaned
by incubating the mixture of 4 mL AgNO: (3mM concentration) and 3 mL CLPE at 60°C and
1 mL NaOH. The 24 h lanicidal bioassay with CLPE-AgHPs agamst de. asgypd resulted m
respective LCs and LCx vatues of 26,87 uz/ml and 9932 pgiol - which decreased to 19.51
pgml and 7199 uz'ml after 48 b of exposure. The hioassay wath crade Criirus limistia peal
m:drmﬁnlmmﬂlhgﬁamnutybahnsuﬂlﬂemmh]nymnbsﬂiﬁimmﬂs
Synthesiz of AgNCs utilining peel axtract of C limerta 15 3 facile, cost-effective method: The
spplication of these NCs can be an eco-safe and effective alternative to comventional

K —— D e o—
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ENHANCED LARVICIDAL POTENTIAL OF A-CYPERMETHRIN
AGAINST AEDES AEGYPTI L. WHEN SYNERGIZED WITH
CITRUS PEEL EXTRACT

Devina Aggarwal', Roopa Rani Samal?, Narendra Sharma’

and Sarita Kumar?*
1Modern School, Barakhamba Road, New Delhi, Delhi-110001; *Department of Zoology,
Acharya Narendra Dev College, University of Delhi, Delhi-110019, India
3GDM Arts, KRN Commerce, and MD Science college Jamner, Maharashtra-424206, India
*Email: saritakumar@andc.du.ac.in

Aedes aegypti (Linnaeus, 1762)is a widely spread disease vector of great concern
throughout the world. With the continuous rise in cases of Zika, dengue, and Chikungurnya
worldwide, control of Ae. Aegypti has become a prime concern. The present study
investigated the larvicidal effects of individual and various combinations of Citrus sinernsi:
hexane peel extract and a synthetic pyrethroid, alpha-cypermethrin against Ae. Aegypti
Larvicidal bioassays were performed using the WHO protocol with minor modifications
The investigated compounds were found effective individually as well in binary mixtures
indicating the efficient synergism. The hexane extract of Citrus sinensis peels assayed
against Ae. aegyptilarvae res ulted in LCg, of 46.53 ppm after exposure for 24 h, while alpha-
cypermethrin treatment resulted in an LGy value of 0.0063 ppm. The binary mixtures of
both the compounds in 1:1, 1:5 and 1:10 ratios also showed significant larvicidal potential
The 1:1 mixture was found most effective with co-toxicity coefficient and synergistic factor
25 23.456 and 3.865, respectively, for the LCs at 24h. The binary mixtures showed synergisim
as well as additive effects in all the ratios tested except 1:5 ratio for LCq, at 48h which
showed inconsequential antagonistic effect. Results showed decreased synergistic effects
with an increase in the citrus extract proportion in the binary mixtures. We suggest that
phytoextract/cypermethrin mixtures can be more operative than insecticide/phytoextract
alone, and can be used as a good ecofriendly approach in vector control programs. Such
mixtures could reduce the costs, reduce insecticide dose, and requlate insecticide resistance
@s part of integrated vector management.

Keywords: Citrus sinensis; Aedes aegypli;
mixtures

synergism, additive, antagonism, binary
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CHARACTERIZ
LABORATO

¢ decade, the constant rise in dengue worldwide has made the Contr),
Aedes aegypti principal concern. The most recorrfmend‘ed p|a':\ tff control moquitO-hr_r-;
diseases mainly lies in vector management anFl _chsturllefWg their dlseas.e-transrmssim Cyes
Wide-ranging use of different classes of organic |n.sect|C|des for moso!um? control has feq -
the development of high levels of resistance ma king them less functioning at safe dosage:
imposing us to explore novel insecticides. The present study explores the bio—efﬁcac_; :,-
a neonicotinoid, acetamiprid on the Ae. aegyptilarvae, development of resistance 3=
subjecting acetamiprid selection pressure for 10 successive generations and biochemi:
characterization of the resistance developed. Acetamiprid exposure of the parent populitr
of Ae. gegyptiearly fourth installs resulted in respective LCg, and LCy, values of 0.137%
ppm and 1.31547 ppm. Selection with acetamiprid for 10 successive generations (AC
10) reduced its efficacy by 20-fold. Involvement of four enzymes; non-specific esterse
Glgtathione-s-transferases and acetylcholine esterases in the development of acetamere
:s:{;s?:;ez";'f’:o:gVeStigat&d to uncover mode of action of acetamiprid. An elevation c'fr"
- cornparéd o A"g:_gb;e“"-‘d in a'Pha—e.s?erases and beta-esterase activity in AC‘Sr:;
: - lowever, the activity of glutathione-s-transferases decresse
#4555 which rose to 12-fold in ACSF-10. Similarly, the activity of acetylcholine &%
was found to be mych higher in resistant' .y, e. SEMMILY 01 Roety tal strai
Our results indicate the individual/syn .Q?HEfathns a_s comp.ared tmhe pafenl ading®
écetamiprid detoxification, The ynergistic ccfntnbutlon of different enzymes ¢ p
Probable target site mutations i resistance develoP™

Over the las

Page No. 130



Page No. 131

ii'” o
| 4

; Conference on Vector-Borne and Zoonotic | , ;
12th National ¢ Diseases, 25-26' Noy. 2019 o

pp-3 VBD Transmission and Management

\__~
] £COLOGY, BEHAVIOR, PHYSIOLOGY & DEVELOPMENT
GEVIEL ANSMISSION OF VECTOR-BORNE DISEASES IN URBAN
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1pepar t

nsmission of the arthropod-vectored disease has increased in recent decades
naging transmission potential in urban areas require the integration
o sociological and ecological processes that regulate vector population dynamics, feeding
behavior, and vector-pathogen interactions in these unique ecosystems. Underdeveloped
countries continued to suffer as much as several diseases such as malaria and African
sleeping sickness are still highly prevalent in specific countries.“New" vector-borne diseases,
like dengue, swine flu,

and Mad cow fever, have emerged and are invading previously
disease-free regions. The discovery of new drugs and vaccines has made great advances
and allows for the effective treatment and

control of many diseases. In contrast, vector
control has lagged behind in development, even though it is realized that effective vector
control would allow for immediate interruption of the transmission of disease, and aid
in disease control and eradication. In the last 20 years, new initiatives on vector control
have been undertaken, leading to the rapid development of effective and lasting methods
of vector control. The development of molecular genetic

Urban tra
Understanding and ma

s has provided new insight into

zg;?;lbiilogy and behavior, which is being used for developing new strategies pf vector
behavic‘”a”h":?POd vectors are ecfcothermic organisms and their growth, survival, and
heat islandre[UIligihly SEnsizive o environmental terpperatures. The vector response to urb'q n
lor's therm I) conditions is dependent on reglonalltemperature proﬁlels_ relan‘ve to mi
vector deyel a perforrnance. range. In temperate climates, UHI can facilitate increasec
havior U:;’ml?nt rates while having countervailing influence on survival and feeding
Moistyre cOnster§tand,ng how urban heat island (UHI) cond|t|oqs _alter thermal | and
MPortant dire::'mts across the vector life cycle to influence transrjnlssmn processes is an
Urban conditlonion for both empirical and modeling research. This study gvaiuates hc;‘w
0geneity i S:eciﬁcally habitat suitability and local temperature regimes, and F: e
‘¥Cloria Qpacit;_" an areas can influence the biologically-relevant parame‘ters tha_tde ng
¥ : vector density, survivorship, biting rate, extrinsic incubation period, and

rds; .
Ecology, behavior, development, vector-borne diseases
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sliver nanocomposites against early fourth instars of Aedes aegypti L.

Sharma A, Kumar, §.2 and Tripathi, p'
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harya Narendra Dey College, University of Delhi, Govindpuri,
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me diseases, such ag dengue, Chikun

Sent study attempts to design an eco-

Bio
~efficacy ol'At'&mmkav aspera-derived

1
Deparunenl Of Life Scier
-‘Deparrm

ent of Zoology, Ac

1utroduction§ Aedey QeRpti (Ae. aegypti)-bo
global level since the Past few years, Pre
insecticides; for contro] of dengue vector,
Aim and Objectives: T,

formulate silver nanocomposi
) : ; Posites (AgNCs) from the leaf extract of 4 thes asper
estimate their efficacy againgt Ae. aegypti larvae and non-target organ?sms. eiranthes o
Methods: The aqueous leaf extract of 4 aspera was assayed against Ae. Aegypti

nitrate added in different concentrations (1mM- SmM). Bioassays were carri

and 72h. Bioreduction of AgNCs was characterized by UV- ed out at different time intervals: 24h, 48h
Electron Microscopy (SEM), E

- y: 2 Vis spectroscopy, Dynamic light scattering (DLS), Scanning
‘ ; €Igy dispersive -ray (EDX) Spectroscopy, Transmission Electron Microscopy (TEM),
X-ray Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR)

(AALE) demonstrated insigni

gunya and Zika, are on the rise at the
friendly approach; alternative to chemical

larvae, alone or in combination with silver

g€ size ranging from 1-25 nm. The XRD analysis established their crystalline
and face-centred-cubic structure, the EDX pattern showed the presence of Ag, O and C in their order of weight%, while
the FTIR displayed the intricacy of silv

er nanocomposites. The NCs were also found non-toxic to non-target organisms:
Gambusia affinis, Daphniamagna and Moinamacrocopa, indicating their safe use in fields,

Conclusion: The synthesized AgNCs from 4. aspera were highly potent against Ae. Aegypti larvae in comparison to the

synergism for toxicity or more efficient delivery of toxicants. These NCs can be
potential, cheap and promising bioresource against dengue vector larvae.

Keywords: dedes aegypti, EDX, FTIR, Larvicidal, SEM, Silver nanocomposites (AgNCs), TEM, XRD
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s was carried out t0 identify the bioacty
e

_MS) analysi

(GC I\idon)s were perfomed to know the mode of action
was also evaluateq . N _

hibited 100% larvicidal activity with LC_ 6.843 St

MS to characterize the phytochemicals pregeny in the U,
ds, among them major cu.mpognds are mome inggjy,)
decanoic acid (2.22), Linoleic acid (6.79), N-9-Hey (38,11JL
dies have clearly showp the toxic effect of

rds non target organism at concentrationg tha w:-:

.mass spectroscopy (+
istopathological investigat
Poecilia reticulata
thanol extracts €x
hnique of GC-
d §2 compon
6), Etra

hological stu
-toxic towa

Further, gas chromatography Toxis "
constituents of S. arvensis. Histof ity oy,
extracts towards non-target organism,
Results: Among the various extracts, me
methanol extracts was analysed using (€¢
GCMS analysis of methanol extracl rcvca_lc by
n-Hexadecanoic acid (10.86), Octadecanoic ac:_d{ 1

(8.18) Heneicosane (1.28) and Phytol (1.67). Histopat
mosquito larvae. Further the extract was observed to be non
found to be toxic against the mosquito larvac. ‘

Conclusion: Spergula arvensis could serve as an ideal eco-

An. culicifacies larvac. o
Keywords: Larvicides, GC-MS, An. culicifacies

Knockdown and irritability response to deltamethrin in the susceptible and deltamethrin-resistant adults Of Culey
. quinquefasciatus

friendly, single-step and inexpensive source for the
Mtrol of

Sankar M, Samal R R, Kumar S

Department of Zoology, Acharya Narendra Dev College (University of Delhi) New Delhi-110019, India
sankarmanu00@gmail.com

Introduction: Pyrethroids are the most widely used insecticides against mosquitoes because of their toxic properties,
rapid action and safety to humans and non-target organisms. However, extensive usage of pyrethroids as residual domestic
sprays, and active ingredient in mosquito mats, coils and bed nets, etc. mosquitoes are developing resistance against it
Today, pyrethroid resistance is envisioned to be a major problem for the vector control program since, at present there are

no suitable chemical substitutes for pyrethroids.
Aim and Objectives: To assess speed of resistance development to deltamethrin in Culex quinquefasciatus; and assess the

impact of deltamethrin resistance on the behavioural responses of adults.

Methods: The parent susceptible adults of Cx. quinquefasciatus (PS) were selected with 0.05% deltamethrin (diagnostic
dosage) for 40 successive generations (DAS, ). Knockdown and irritability tests were carried on freshly blood-fed 3day old
adult females of PS as well as DAS | strain using 0.05% deltamethrin-impregnated papers. Parallel negative control tests
were run with siliconoil-impregnated papers and positive control tests were conducted with 4% DDT-impregnated papers
The effect of deltamethrin resistance was estimated on the knockdown response and the irritability behaviour of adults by
computing KT, knockdown resistance, relative irritability and irritability ratio.

Results: Forty generations of selections with deltamethrin resulted in 6. 1-fold deltamethrin resistance in Cx. Quinquefasciahs
adults. The adults of DAS,,, strain developed just 0.8-fold cross-resistance to DDT despite of similar mog: m"“- Lo
knockdown studies resulted in K'T,,0f 22.7 min in PS adults with no signs of recovery even after 24 h, whereas DAS strain
showed 2.5-fold knockdown resistance (KDR). Knockdown response of Cx. quinquefasciatusto 4% DDT was 3 times
slower than that to deltamethrin. Both the PS and DAS strains exhibitsignificant irritability response towards deltamethnt:
though DAS strain wasmore imitant to deltamethrin as well as DDT as compared with PS strain.

Conclusions: Results suggest ﬂlﬁt deltamethrm can be used as a promising adulticide against Cx. gujmgﬁzst'w *
adults are unable to develop significant resistance to deltamethrin. A strong iritability and knockdown responsé, &
: g2 S m towards deltamethrin even after 40 generations of deltamethrinselection also indicat®
the potential use of deltamethrin in fields

Keywords: Culex quinquefasciatus, Deltamethrin, DDT, Knockdown, Irritability, Resistance
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Effect of €mam
€ctin
benlonto-lnducetl dictary stress on the nutritional performance of American bollworm
Helicoverpa armigera '

Dagar VS, Mishra M, Kumar §

Departmenq of Zoology, Acharya Narendra Dev Col lege (University of Delhi),
Govindpuri, New Delhi, India
vinaydagar04@gmail.com

Aim and Objectives: Helicover, ] i

Pa armigera, an agricultural pest, is known to attack a wide vari
9 . As overuse i i ici s S S s
globe of conventional Insecticides has led to the development of insecticide resistance in H. w:};sera Iea:::;

nutritional indices.

Results: Emamectin benzoate-induced dietary stress caused a significant systemic toxicityin H. armigera larvae resulting
in LC,andLC, values of 0.092 pg/mL and 0.156 pg/mL, respectively.Dietary 0.1pg/mL-1.6pug/mL EMB deterred larval
feeding significantly with 10-100% larval mortality at 0.05 pg/mL-0.2 rg/mL EMB. Nutritive performance assessment
with dietary 0.05ug/mL-0.01pg/mL EMB also revealed a pronouncedpost-ingestive toxicity impairing ingestion as well
as digestion. The larvae displayed reduced Relative Growth Rate (RGR) and Relative Consumption Rate (RCR) in the
range of 0.385-0.978 and 1.653-3.985, respectively, which may also be attributed to incompetence in food utilization
and assimilation, as evident by 10-24% and 02-52% diminished Efficiency of Conversion of Ingested Food (ECI) and
Efficiency of Conversion of Digested Food (ECD); and 09-63% diminished Approximate Digestibility (AD).
Conclusion: These results advocate the effective utilization of Emamectin benzoate in Integrated pest management
program of H. armigera. Sub-lethal doses of dietary EMB impaired gut biochemical machinery of H. armigera larvae
impacting their nutritive fitness and thus, growth and development. Additional investigations are being conducted to
comprehend the specific mode of action of EMB causing biochemical and genomic-altering effects inH. am:‘gerf:. ~
Keywords: Helicoverpa armigera, Emamectin Benzoate, Growth-inhibitory, Nutritive Performance, Post-ingestive

tox IL'I[)’
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Chapter 7

METABOLIC PROFILING OF STREPTOMYCES

SP. STRAIN 51 FOR DETECTION
OF BIOACTIVE COMPOUNDS

Prateek Kumar', Aditi Kundu’, Renu Solanki’,

Munendra Kumar' and Monisha Khanna Kapur"”
'Microbial Technology Lab, Acharya Narendra Dev College,
University of Delhi, New Delhi, India
“Division of Agricultural Chemicals,

ICAR - Indian Agricultural Research Institute, New Delhi, India
’Deen Dayal Upadhyaya College,

University of Delhi, New Delhi, India

ABSTRACT

Actinomycetes are Gram- positive bacteria having high GC content in
their genome. They are crucial from industrial perspective as they have
great ability for production of bioactive secondary metabolites.
Compounds produced by them possess diverse biological activities such as

* Corresponding Author’s Email: monishaandc@ gmail.com.

Complimentary Contributor Copy

Page No. 136

Page No. 136



Page No. 137

Page No. 137



Page No. 138

Page No. 138



Page No. 139

Page No. 139



Page No. 140

Page No. 140



Cynamics of Eco-Evolutionary Forces
in Shaping Diocecy

Yash Mangla, Manisha, Rajesh Tandon, and Shailendra Goel

* Alvatract

Evelution of disecy amang plants is a distinct dehated

among bokogists. nnumbummwmmmmmnmmm
determinatdon mechanisms, it is equally important w0 soderstand te contexmal
frnmeworic of eco-evolutionary forces tiat are instrumental in shaping divecy in
penaral. The theareticel fmmework of evolution of divecy is wellargned in
hmsmwmhmmmnmmwu;
fioral festures, wind o clanality 1o be
diumyMbu’.Wmmnmgmgmishmnbmhzme
sex gatios, which is crucial for its evolationary maintenance. How thess factors
infinence evalutionary pathwarys and evoltion of disecy, bas not been suffi-
clently investigated. Available phylogenetic malyses indicare that the factory are
interfinked, and (hat they serve s usual corelates of dinecy. AMhough, such
associtations are not cleardy ehucidated n Heerstore doe to pavcity of information
uhout the prevailing seeual systeams, further obscured by Jow species dchness in
existing dinecions clades. In this chapler, we present a conspectas of presest
undessianding of ecological comelares of evoltion and mainensnce of dioecy,
apmnﬂymglhcﬂumngm"‘ i whid;'- il 50 far
suites. However, in
mﬂumwuydmmmmmdmwmmﬁ
on the complese range of sexnal variation.
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Currently, marketed rivastigmine products are either twice daily
oral tablets or once daily transdermal patch. However, these prod-
ucts cause side effects such as gastrointestinal adverse reactions,
allergic dermatitis and extrapyramidal symptoms, resulting in
poor patient compliance and therapeutic effects. The purpose of
this study is, therefore, to develop novel rivastigmine formulation
that overcomes these disadvantages and relatively short duration.
The biodegradable polymer used in this study has properties of
long-acting and controlled-release, which makes it convenient to
administer the drug once a month and minimizes the incidence of
side effects. Methods: InnoLAMP technology was introduced to
prepare the monodispersed microspheres encapsulating rivastig-
mine using various kinds of polymers. The morphology of the mi-
crospheres was observed by electron microscope, and the particle
size distribution was measured by laser diffraction analysis. The
amounts of rivastigmine in microspheres were analyzed using
HPLC. The pharmacokinetic effects of long-acting formulations
were estimated through plasma concentration of rivastigmine in
male SD rats following single intramuscular injection. Results:
Various rivastigmine microspheres were prepared using different
types of polymers and different content of drug. All of the micro-
spheres exhibited a monodisperse and similar particle size with
span value of less than 0.8. In addition, the microspheres were
observed a smooth surface in spherical shape. As a result of single
intramuscular injections of rivastigmine-loaded microsphere for-
mulations, the plasma concentration of rivastigmine in rats was
kept within the therapeutic range over a month. Conclusions: In
conclusion, the monodispersed microspheres were able to release
rivastigmine continuously over one month as the property of
long-acting of the polymers. The release profile could be controlled
by the types of polymers and the contents of the drug. These riva-
stigmine-loaded microsphere formulations can be considered a
promising alternative therapy for the treatment of Alzheimer’s dis-
ease with an improved patient compliance. Preclinical studies and
scale-up of formulations have been currently conducting for clin-
ical studies in human.

HEPATIC LIPOPROTEIN RECEPTOR
RELATED PROTEIN MODULATORS AS
POTENTIAL THERAPEUTICS FOR

ALZHEIMER’S DISEASE

Arathy Ramachandran', Khader Valli Rupanagudi', Pankaj Khanna®,
Mahesh Chand’, Subhash C. Jain’, Hema Saranya Ilamathi®,

Suman S. Thakur’, Vijayalakshmi Ravindranath'*, “Indian Institute of Science,
Bangalore, India; ’Delhi University, Delhi, India; 3Centre for Cellular and
Molecular Biology, Hyderabad, India; 4Centref0r Brain Research,

Indian Institute of Science, Bangalore, India.

Contact e-mail: arathyramachandran303 @ gmail.com

Background: Several risk factors for Alzheimer’s disease (AD),
such as amyloid precursor protein, presenilins, insulin degrading
enzyme and apolipoprotein E, are all associated with amyloid
beta. Therefore, targeting A@ production, aggregation and clear-
ance has been at the forefront of research on therapeutic strategies
for AD. Lipoprotein receptor related protein 1 mediates transport
of AB across the blood brain barrier and also binds A circulating
in the blood in its soluble form (soluble LRP or sLRP). Hence, up-
regulating hepatic LRP expression in periphery results in
increased clearance of A@ from the brain. In agreement with this,

semi-purified extract of root of Withania somnifera completely re-
verses behavioural deficits and plaque pathology in nine months old
APPSwe/PS1dE9 mice via upregulation of hepatic LRP. The main
objectives of this study were to identify the compounds in the crude
extract of WS that upregulate hepatic LRP and to understand tran-
scriptional upregulation of hepatic LRP. Identification of these
compounds and proteins involved in the regulation of hepatic
LRP expression will help in designing new drugs that target A3
clearance via the periphery. Methods: The extract was fractionated
using flash chromatography. Luciferase-based reporter assay was
used to screen the fractions in vitro and also to identify the site of
action of the active principle(s) in the extract within the LRP pro-
moter region. The efficacy of fractions was validated in vivo in 9
months old APPSwe/PS1dE9 mice based on performance of ani-
mals on radial arm maze, cortical amyloid load and upregulation
of hepatic LRP. Results: We found that the site of action of the com-
pounds in the crude extract is most probably within the first 400
base pairs upstream sequence of LRP promoter. An in silico anal-
ysis of this region revealed transcription factor binding sites for
AP-2, Sp-1, NF- kappa 8 and Cox-2. We also found that one of
the fractions, fraction 4.4, reversed behavioural deficits and plaque
pathology in transgenic mice at a substantially lower dose as
compared to the crude extract. Conclusions: The active principle(s)
is present in fraction 4.4. Mass spectrometry and high-pressure
liquid chromatography helped in identification of four potential
compounds in fraction 4.4.

OPTIMAL CONCENTRATIONS OF [ |
LUTEOLIN AND DHA TO EXHIBIT
SYNERGISTIC EFFECTS AGAINST
AB1.42-INDUCED NEUROTOXICITY

Dona P. W. Jayatunga', Veer Bala Gupta®, Eugene Hone”,

Giuseppe Verdile!, Manohar L. Garg”, Ralph N. Martins®, ' Edith Cowan
University, Perth, Western Australia, Australia; ’Deakin University,
Melbourne, Victoria, Australia; SEdith Cowan University, Perth, Australia;
“Curtin University, Perth, Australia; *University of Newcastle, Callaghan,
Australia; SEdith Cowan University, Joondalup, Australia.

Contact e-mail: d.jatatunga @ecu.edu.au

Background: Luteolin, a flavone compound found in various foods
has shown beneficial effects for Alzheimer’s disease (AD) due to
anti-inflammatory and anti-oxidant activities (Kwon et al., 2017).
Decosahexaenoic acid (DHA) is an essential long-chain omega-3
polyunsaturated fatty acid naturally occurred in healthy brains,
however, there is evidence for reduced DHA levels in AD brains
(Pan et al., 2015). While effects of these nutraceutical compounds
individually have been reported extensively, their combined action
has not been investigated in AD. The objective of this study was to
evaluate the protective effects of luteolin and DHA against beta am-
yloid (AB) toxicity and to determine whether in combination they
act synergistically. Methods: Human neuroblastoma M17 cells
were treated with AB;_4 peptide (20uM). The ability of luteolin
and DHA per se, to protect M-17 cells was evaluated by treating
the cells with different doses (2.5-40uM) for 72h. Cell viability
was determined by CellTiter glo assay. In the same manner, nine
compound combinations (Luteolin(uM): DHA(uM)- 5:5, 5:10,
5:20, 10:10, 10:20, 10:30, 20:10, 20:20, 20:30) were tested against
AQ_4o-induced toxicity. The results were further validated by MTS
and LDH assays. Synergism arising from combination of luteolin
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Phyto-mediated Silver Nanocomposites as a Control Agent of dedes aepvpn L. Optimal
Formulaton with Crous fimerra Peel Extract

Agzarwal, I.", Sharma, A" Samal, R, Dagar, V.5." and Kumar, 5.5

"Wiodern School, Barakhamba Road Mew Dellu, India; "Department of Life Sciences (SOS).
Indirz Gandlu Mational Open Unrversity, Maidan Garhi, Wew Delhi, India: “Department of
Zoology, Acharva Narendra Dev College, Unrversaty of Delle, Kalka T, New Delln, India

Corresponding Author®: santakwmaniande duscin

Botameals are considered safe and effective mesquite contrel agents. as conmpared to
comventional msecticides. Use of effectve botamucals 2z paneforomiznons can further
enhance ther efficacy at lower dosages. Thus, alver nanocomposmites (AgNC:) were
formmlated with Citrus limerta peel extract (CLPE) and evalnated against dedss aegypei for
brosynthetie process was optinmzed by varing mmpactng factors; temperature; concentration
AgNCs was conducted agamst early fowth mstars of de gegypd wing stapdad WHO
the consprenous colowr change of the solufion; from mtal pate vellow to final dark browm:
which was then traced throwgh UWV-Visible spectroscopy. The spectroscopic peaks were
obtaned m the range of 416420 mm The optomal foromlaton of CLFE-AgNP: was obtamead
b incubating the muhore of 4 ml. Ag™0: (3mM concentration) and 3 ml. CLPE at 80°C and
1 ml. NaOH. The 24 b lanneidal bipassay with CLPE-AgNPs apamst da asgypi resulted m
respective Ls; and LC s values of 26.82 pz/ml and 99.32 pz/ml; which dacreased o 1951
pg'ml and 7199 petnl after 48 b of exposure. The broassay with crude Ciour limersa peel
extract resulted n much bigher torncity values winle no mortzlity was observed in comtrols.
Synthess of AgCs unhizng peel extract of C. Fimerta 15 2 facile, cost-effective method. The
application of these NCs can be an eco-safe and effective altermaztive to conventional

Eeywords: Silver nanocomposttes, Cirus limetta, Larvacidsl, deder aempti, Spectroscopy
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‘ madified systems have been investigated,
and it is generally accepted to consist ol!

Here we repont the development of Needle |
Shaped Chitin nanoparticles (CNPs) as o
promising odsorbemst for dye adsorption
process under  Visible © light condllimi
without any new modification.

These Chitin nanoparticles were produced
via simiple preparation route. Needle-Shaped

morpiolosy of Chitln nanoparticles  were
ane/ by the Transmission Electron l
Mi v (TEM)
® The = the nanoparticles was calculated
| by ‘he T Lye Scherrer equation using X-Ray
Di technigue
Bui ety was calculated by the
T nsing UV Visible épec
whict lies in the visible regionggies
e Under visible light
ad'-tuq])!lr-: activity of of

Rhodamine 66 dye. which™
adsorption  reported  for  any adsorbent

| material

The adsorption behavior of various Chitin |

huge sumber of oxides group and jis long | '|
polymeric chain imparts a large surface area ‘ !

Rhodamine 6G Ads

-2 XRD of CNPs
2 1Mo
w24
2y
w
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2 Theta (Degree)

- Tauc Plot
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>
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X 28 3.0 1.5 Y
e Energy (e.V.)
505 IV-Visible Spectrum
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! Debye-Scherrer equation

Where, KA

0 = Bragg angle

D = Crystallite size ﬁ CosO
A = Wavelength of X-Ray (0.154nm)

K = Crystallite shape factor (0.9)

f# = Full width at half maximum

Adsorption capacity
_(C—C)V
-t

P i—

q.
where,
m = Mass of adsorbent
V = Volume of dye solution
q,= Maximum adsorption capacity
C,= Initial concentration of dye solution
cf_m:m_lm:nl’ dye solution

orbed by Eco-Friendly Adsorbent
Needle-Shaped Chitin Nanoparticles in Day Light

. Authors are thankful 1w Principal, Acharya

_.-g\—.[. =

-

i

Lo s

» Powder XRD patten of  CNPs
matches well with reponed data and
7.5 nm size evaluated by the Debye
Scherrer equation

Band gap energy values calculated
from Tauc plot (2.69¢V) and through
UV-Visible spectra (2.68eV) are
observed 10 be close enough.

Needle shaped morphology of CNPs
was confirmed by TEM at 50nm scale

Olumn process

HEL Addsorphion thimigh

Cotton "

|
S.No. | Properties CAPs

1 Colour White

2 Shape Needie

3 Size (nm) 75

a Band Gap Energy (V) 269
‘ 5. Wavelength (nm) 469

b Adsorption Capacity 150 \
| (me/g) \

Needle-Shaped nanoparticles of Chitin
successfully  synthesized by sonication
effect. XRD UV-Visible and TEM
characterization confirms the formation of
nanoparticles. |
Size and band gap energy of CNPs shows
that these nanoparticle  are  excellem
adsorbent for Rhodamine 6G dye in visible
region,

» Encouraged by these results, further
investigation on the kinetic and
thermodynamic properties was carried |

2

Narendra Dev College, University of Delhi,
for providing infrastructure for research work
in the college. Special thanks to CSIR for
financlal support.

\
\

» A O. Ahmed, ). W. Rhim, Carbhydrate
Polymers, 137, 349-358 (2018). 7
» Gautam, O, Lal, 5. and Hooda, S, /.
Nanosci.  Nanotech, 20, 29392945
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The Internet of Drones: Al Applications for Smart Solutions discusses the
architectures and protocols for drone communications, implementing and
deploying of 5G-drone setups, security issues with drone technology, deep
learning techniques applied on real-time footage, and more. It also explores
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analysis of troposphere pollutants, providing services and communications in
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the affected areas for radiation intensity in cases of nuclear disaster, gathering
the location of hotspots, looking for the victims, assessing damage), and more.
The authors cover package delivery, movement of traffic, crop monitoring, and
mass detection. The problems and challenges associated with loD in air traffic
monitoring, communication between drones, optimum route discovery, and
security are also addressed.

This detailed exploration of adapting and implementing loD technologies into

real-world applications in this volume will be valuable for graduate students in
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Programmable Joint Computing Filter
for Low-Power and High-Performance
Applications
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Chandra Kanta Samal®®, and Navneet Yadav'
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2 Acharya Narendra Dev College, Delhi University, Delhi, India

Abstract. A high-performance programmable joint computing for low power
and high-performance filter (PJA) is presented in this paper. It emphasizes on
low power and high efficiency, which is reliable for filter operation. The
architecture is designed based on CSHM which can be implemented effectively
in vector-scalar products at the circuit level. The products of the premultiplier
are shared with all A&As, which assist significantly in the performance of the
system. A programmable digitall0-tap PJA filter, which accepts the input signal
and values of coefficients of up to 17 bits (signed), is designed using VHDL and
implemented on the XilinxSpartan-7 XC7S100FGGA676FPGA. It contains a
total of 64000 LUT (Look-Up Table) elements and is based on 28 nm HKMG
(High K metal Gate) transistor. The implementation was done using Xilinx
Vivado 2019.2, and the power is measured using Xilinx Power Analyzer.

Keywords: High order carry-select adder « PJA FIR filter « Premultiplier «
Selection contingent

1 Introduction

Presently, digital media and multimedia with various computational applications
demand various high performance, and low power consuming filters. The use of filters
in VLSI design with help of FPGA is predominantly applicable in various DSP
applications. The computationally intensive operation used in DSP can be obtained by
a convolution operation. It can be visualized by the help of moving weighted mean, i.e.
the weighted mean of every input stream over a suitable number of inputs. Here 10-taps
or 10 inputs are considered for the weighted mean. Specific weights are assigned to the
past and current values of the input signal, which determines the {requency band to be
handled. Taking 1/10 weights for every input for alO-tap filter it gives an arithmetic
average of the inputs, thus implementing a low pass filter by smoothening out the
sudden high bursts or high-frequency element in the signal. A large amount of mul-
tiplication and accumulation processes increase power consumption by an increase in
the hardware requirements for these operations, i.e. due to demand of high-order PJTA
filters with high sampling rate. The Fig. 1 shows the structure of transposed direct form

© Springer Nature Singapore Pte Ltd. 2021
D. Garg et al. (Eds.): TACC 2020, CCIS 1368, pp. 296-307, 2021.
https://doi.org/10.1007/978-981-16-0404-1_22
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Varying Sonication Conditions to Tailor Surface
Morphology of GO Thin Films for Enhanced Gas Sensing
Performance

Vishal Dhingra'”, Shani Kumar'?, Arijit Chowdhuri’and Amit Garg'- '

'Material Science Labaratory, *Sensing Matevial Devices Laboratory
Acharya Narendra Dev Colfege, University af Delhi, Kalkaji, New Delhi-110019, INDIA

Depariment of Elecironic Science, University of Delki, ‘)an-rk Campus, New Delhi-1 102, fndia
Ay ling author: ami jo.du.ac.in

Abstract. Efficient and enhanced gas sensing esp al Toom femp 15 the demand for comemporary industrial
applications, This has been made possible due to a peradigm shift from semiconducting metal oxides to 2D materials
including Graphene Chade (GO} and redueed GO (RGO). GO and its derivatives have ushered in a revolution maindy
because of ther hlgl\ surfice to volume ratio and presence of various oxygen groups. Liternture reports smee 2010
mdhcate existence of investigations by many research groups wherein multiple approsches have been employed o
enhance the gas sensing capabilities of GO and RGO Hucnt of the more radscal nppmm.hs have been fabrscation of free
standmg GO films, adaptmn of green fi thermal red and even impl of nitrogen 1oms,
However, iom of § ble axygen species on the GO films envisaged to act as active sites for the
target gas mofecules (Ha and SO in the currend investigation) Is yet to be camied out The present study repons
enhancement in detection of gaseous species due to twin mechanisms of o) advantagesus tailoring of surface morphology
and b) presence of favourable oxygen species. Both the processes are shown to ocewr due to intentional incorporation of
vaniations induced in the sonication process during synthesis of GO films

INTRODUCTION

Graphene Oxide (GO) has over the last decade. due to its multifi 1 ies, found myriad appli
of interest. One of the fields wherein GO and its derivatives (doped GO, reduced GO erc.) have found extensive
usage include gas sensing. Traditionally, gas sensing applications have been dominated by semiconducting metal
oxides (MOX) [1]since 1962, Rescarchers worldwide, in order to cater to industry requirements, have always
aspired to devel SENSOTS ing at ropm temy that has hitherto not been possible with MOX sensors
including SnCh, Zn, WO, Ti0: ete. Some other drawbacks associated with MOX based gas sensors, besides high
temperatures of umeLian. have been, long stabilization times, size reduction construints and reduced sensing

response due to grain growth over pcnod ofnmc Graphene and |ts dcnvnlwcs like GO / reduced GO have been

reported to exhibit 2D ch perties besides displaying beneficial high
specific surface area. Graphene's intrinsic gas sensing pmpmu is mnhui&d o its occurrence of mnsu\-lly variation
due to adsorbed gas molecules that further actas donors or -, pristine grapk is not 1 for

gas sensing since its mass production as single layer is d\fﬁcult there is & pmhiun of missing hand—gap and
existence of dangling bonds on surface, which tend to constrain the adsorbed jons on its surface. Due to the
aforementioned limitations, GO with excess of active sites in the form orepux} groups, hydroxy gmups and defam
on m surfisce and basul planes has been preferred for gas sensing. Condi ployed during cf

e of graph directly mfh the number and nature of these active sites on which chﬂnwnrpnnn of
reactive gas occurs. Further. these active sites are also known participate directly in formation of products [2]. In
cise of graphene (which is a sp'-hybridized carbon ial), the diffe types of i used in its synthesis,
thermal and/or chemical treatments used therein besides physical processing techniques used affect some or all of

Nutiowal Canferene i Phystes and Chewisiry of Marerials
AP Conf. Proc. 2368, (20109-1-020109-5: ttps: /doi.org 1. 10635, 0060659
Published by AL Publishing. $78-0-T154-2121-7550.00
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Diversity of some Pollinator Bee Fauna vis-a-vis
Crop from Delhi
*2Jyoti Falswal, 'Debjani Dey and *Sarita Kumar
‘Divisian of Entomoiogy, ICAR —IAR), New Dalk
sAcharaya Narendra Dev College, Linfversity of Delly

Pollinators ara essential componenis of almast all of the world's terrestrial ecosystems
and mare than 75% of all flowering plants on the earth need pollinators. The poflinators not
only provide pollination sevicas, but are ako excellent indicators of the state of temresiral
smvironments including responses 0 giobal warming. Moreover morpho - faxonomy is
meost often the lifeline for studies on biodwersity, conservation for improving agricultural
production, Ameng all poflinators viz., hummingbirds, bats and insects, bees are unigue.
Beas are excellant pollinators because most of thair life is spent collacting pollen and
nectar. They have specialized pollen-carnying structures called scopa. either on the hind
legs or onveniral surface of the abdomen, made up of thick, plumose setae. Some bees
who do not have a scopa, have a modified structurs called the corbicula or the “poflen
basket” on their hind leg. Some sofitary beos fike Megachilidae are oligolegas (baes that
visit narrow and specialized preferanca for pollen sourcas), in that they only colieci polien
from one or few species or genera of planis, Oligolectic bees also visit multiple plants for
thair nectar. Worldwide 20,000 species of bees undar Superfamily Apoidea are known. An
intensive survey was conduciad in Delhi dunng 2018 — 2020 for recording the diversity of
bee polinators in the fields of Mustard, Maize, Caulifiower, Erinjal, and Tomaio and in
some flowers like Calendula, Rose, Dahia, Dianthu's and Petunia to explore the fauna of
poliinator bees of Dathi. Some crops like Mustard, Rice and Make are essential in that
environment so their polinators are also should be known so that we can enhance the
native crop productivity. Collections were made with yellow pan traps and sweep neis.
The collected specimeans wera brought to the 1ab and processed suitably for taxonomic
studies. Polinator bees wera found to belong to 5 families i e. Apidae (subfamily ; Ceratinini
and Apini), Halictidae (subfamily: Halictinae and Nomiinas), Megachilidas (subfamily:
Magachilinas), Colletidae (subfamily: Colistinas) and Andrenidas (Andreninae). Among
tham, family Apidae is the largest family wih over 5700 species of beas and includes the
well-known honey bees and bumble beas. Mot all members of Apidae ara social, whereas
Halictidae, Megachilidae, Colletidae includs exclusively solitary beas.

Keywords: Apoidsa, Bees, Pollinators, Tmonomy, Blodiversiy.
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Bioaugmentation for the
treatment of waterborne
pathogen contamination water

Manoj Kumar Singh', Anurag Maurya®, Sushil Kumar’

! Deparmment of Batam, Achsrea Narendra Dev College, Unjversity of Delii New Defhi India;
*eparintent of Betung Shivgi College, Universty of Deli New Deli ndia; " e i Collye o
Anvand Comenerce, University of Delli, New Delld, India

1. Introdudion

Water 1% an mportunt natuml resowrce uliheed for domestic, andustnal,
recredtional, sod sgricul sl purposé by human society, Quality of wister 15
negatively dffected by contamination of vanous pollutants. Vadoos types of
physical. chemical. md biological pollutmts emerge from different sources
ind they detenorule mespectve qualities of waler: Physical property of waler
includes electical conductivity, totl dissolved solids, and suspended solids,
Chemical property 5 given by composition of variows minerals, catbon con-
tent, dissol ved oxvgen, snd nitmgen and phosphoras (Chrstensen eoal, 2005),
Biological property mefers o presence of various bypes of microbes and
pathopend, especially vimges, bacterin, algae, pmiozoan, nemutodes; insects
and their propagules. Waterhorne diseases are any sickness cansed by drinking
of wuter polluted with pathogenic micmorgenisms, There e o variety of
pathogenic micrmeganisms which can couse virous types of 1lness m humms
(Tuble 10.1)

Based on the source of pollution, wastewaler s broadly classified as
stormwater runodf, agriculturyl runcff, mdusirial wastewster, and domestic
wiks leweater. Stommwater 1% a kind of raw waler frmed by natural confami-
nation of pollutints in min-catchment aregs ke sgriculiural field, pond, and
fomst, etc. (Rippy, 2005}, Other examples of row ‘waler pre proundw oter
wbstmeted through borehole, rivers, natural and men-made lakes, and reser-
woirs, The riw water cun be supplied for potsble uwie after simple filtration
steps and disirfection, Aler domestic or industrial usape, wuter is discharped
i sewage syalem., This waoter, burdensd with pollutimts and pathogenic
micrbei 3 calléd as wastewater. Domeshc wastewaler 15 caldgonned as

Wbt Pl a0t Loy LI D0 R 18 R0
o gk £ A0 B e Luck. AT s mrvinl. 189

Page No. 204



Page No. 205

Biofiltration technique for
removal of waterborne
pathogens

Anurag Maurya', Manoj Kumar Singh®, Sushil Kumar”

! Deparemens of Hatamy, Shivaji College. Uniiersiry of Doy New Delhi Inga: “Depurtmmy of
Hatany, Acharya Narendra Dev Collage, University of Delhi, New Delhi. India; "Deli College of
Anyand Commerre. Unfversm of Delhi, New Delhi, India

1. Introduction

Witer % un important natuml resource utilized for domestic, industrial, -
restional, and agricultural purpose by human society. Utility of siter =
negatively affécted by contaminution of various pollutants, Pollutints. are
physical, chemical, and biological m natire end they deteérionte espectve
qualities of waler after contirmination. Physical properties of wider includes
elecineul conductivity (EC), totl dissolved solids, and suspended  soliuds.
Chennical properies are mven by composition of variows minerals, carbon
conlent, E...E—c&cw.-.mnn. mitmgen and phasphonus, Biological property refer
o presence of various types of microbes wnd pathogens specially vintes,
bacteris, alpne, protosoan, nerndtodes, inuects, and their propesoles.

Bised on the source of pollution, wastewaler is broadly classified as
stormwater ruoofl, agricalural runoff, industrial westewater, and domestic
waslewater, Stormwater s a-kind of ruow woter formed by natural contami-
mition of pollutents norain catchment areay like agricultural field, pomd, and
fomest, elc. Other examples of raw wiler are proundwater abstracted through
borthale, rivers, nalural and men-made lakes, and reservoirs (Schole, 2008),
The ruw water cun be supplied for polable use afler simple filtration steps und
disinfection. A fler domestic or industrial usipge, water is discharped in sewige
syslem, This water, burdened with pollotants and pathogenic microbes, is
culled as wastewnter.: Domestic wastewater 18 cateporized as prevwater mmd
blackwalér. Former i generated fom kilchen, lundry, and sashmooras, while
totter includes human excretn e, feces and urine discharped from toilets,
Well-engineered  wostewater treatment plant and zero-energy comstruced

Wb m.I{I.II}EE-ﬂ.-p!Eﬁ:..IEH..LhE..E
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Chemical treatment for
removal of waterborne
pathogens

Sushil Kumar', Anup Kumar Gupta®, Anurag Maurya®, Manoj

Kumar Singh®

" elhi College of Aris and Comme e, University of Delhi, New Dethi fndie *Indian ingee of
Techmalogy (Indian Schod of Mines) Dhanbial, Dhanbact fharkhand, India: Deparmment o
Barany, .wm....eﬁ_.._.ﬁ.ahn@n. Uinfve ity of Dethi New Delfd, India * Deparsment of Bosry, Acharya
Marendra Dev College, Universify of Delfa, New Deli, fnde

1. Introduction

Water i batic and mandatory need for the humans and the entite living
creature on earth. Therefore. the cmsumption of water by hurman should be
sife, ewsily accessible, adequate, and free from any kind of contaminition
(Wimward et al., 2068; Cabral, 2010 Lopez-Gulver et ul, 3017 The larpe
scale of death approximately 1.7 billion has bedgn reporied in developing
country dueto ek of clean drinking wirter { Efarmition et al,, 2017). There ire
avariety of microomgunisms such s protosos (Giardia and Cryprosporidinn),
spore hactéria (Exchenichia coli), and vims, which ame msponsible for large-
scale death (Cmurova e al., X8) In our body, cellulor structire is s
in such i way thet shout 9% contribution is of waler: it is so imporant
because il carries nutrients, minerals, and vitmins wnd also removes 1oxing
from body, Every cell in our body nesds: water becanse it not only carries
nubrients, minerals, and vitamins but also removes loxns,

The chemical propenties of surfice or groundwater are lagely influenced
by the water and rock interaction. Based on the intersction hetwean dissolved
minerul and: water, it muy be either soft witer or hard water, In some srea
waler s conturmimated by toxic morganic metal snd nonmetal such s foonide,
chloride, o, arsenic, ete, ((hijols et ol 20019), The surface and grounds ater
interaction also influences the chemistry of water. Through the pocess of
internction, surface water 15 highly mfluenced by the sewapge, industrial
disehurge, humum fecal contaminuion, snd snimal fecul contwminalion, The
walerbody contominated by mdusinal discharge hus high load of wxic metal,

P oo g g L 0 VR T 0 1 B
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Sustainable Solution for Future Energy Challenges Through Microbes

Sumit3ahni, Manoj Kumar Singh, Anita Marang

Book Editor(sk:Pardeep Singh, Suruchi Singh, Gaurav Kumar, Pooja Baweja

First published: 10 September 2021
https://doi.org/10.1002/9781119741503.ch13

Summary

Shrinking reserves, volatile prices and environmental concerns associated with use of
non-renewable energy pose challenges not only to the global economy but also ta
environmental sustainability, Furthermore, the location of world's oil reserves, which is
politically unstable, puts a question mark on the future of global energy security. High
chemical similarity, carbon neutrality and comparable energy content made biofuels (bio-
alcohol, biogas, biodiesel) as a sustainable energy source, and microbes played a pivotal
role in their production. Biofuels have been classified into first, second, third and fourth
generation depending on the evolutionary hierarchy of raw material and technology used
forits production. With each generation, the production of biofuels is moving towards
attaining sustainability and profitability in energy production. They are evolving to solve
the problems of energy crisis, pollution, global warming and waste management in most
efficient manner. Advancements in biotechnology. gene editing technology and synthetic
biclogy converted the role of microbes from just decomposer of biomass to producers of
bicfuels, as bio-refineries, bioelectric cell to solar biofuels. This chapter elucidates the
mechanisms and technologies through which microorganisms can pave the way towards
a clean and alternative source of energy, which is viable too.
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Production of Liquid Biofuels from Lignocellulosic Biomass

Manoj Kumar Singh, Sumit Sahni, Anita Narang

Book Editor{skPardeep Singh; Suruchi Singh, Gaurav Kumar, Pooja Baweja

First published: 10 September 2021
https://doi.org/10.1002/9781119741503.ch12

Summary

Due to rapid industrialization and populaticn growth, the demand for existing non-
renewable energy resource, especially fossil fuels, has been increasing in spite of their
shrinking resources. Moreover, excessive use of fossil fuels poses environmental risks
such as air pollution and global warming. The development of altemative energy
resources is of utmost significance among ways to cope with these challenges.
Lignocellulosic biomass (LCB), an agriculture and food industry by-product. is an
important source for the production of different categories of liquid transport fuels. The
most extensively used biofuel in today's world is bioethanol. Bioconversion of
lignocellulose to ethanel usually requires multi-step processes, which include: selection
of suitable biomass, effective pretreatment method, suitable enzyme cocktail for
saccharification, fermentation of mixed sugars and ethanol purification. Due to multiple
and complicated steps in conversion of bicethanol, production of liquid hydrocarbons
{such as alkanes and aromatic hydrocarbons) from LB is attracting more research
interest. Therefore this article also reviews the recent advancements in catalytic
conversion of LCB components {cellulose, hemicelluloses and lignin) into hydrocarbons.
LCB can be considered as an effective bio-resource to satisfy the global energy crisis in a
sustainable way. However, integrated studies are required for the commercial production
of liquid transport fuels from LCB resources.
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Abstract

In the study of ghibal changes and poosystem impacts. i is very important to sansider
mypoerrhiza, becanse they hold  eritieal pasition at the plant-sci interface. Human-
indoeed emvironmental changes. on earth depend an aneber of factors sach as
increasing atmaspherie 00y, marisnt enrichment by atmospheric depasition (Ma)
akered precipitation and temperntare, Al these changes faking place in present

and will surely increase in the firure: can impnct the associntion of fumsi with plant
roots in @ pesitive o fiegative dicection, These factors are dassified nn the basis of
their impiart on eolonization of mveorrhim vin factars affecting arbascnlar myenrthim
(AM) fung indiracfy by altered allceation of earbon from the hest and fartors that
&i&?:ﬁiwﬂgsﬁm&ugéuag
drpassion. For the sdy of gichal dimate change dnd B impact on AM Firgi, this
distinction in respanses in different fachars fa very important. Thess glohal changs
farsors alwais soenr in afsseation, dnes experimental examimation of a large number
f scennring woold not be poasibe in-site, Thesefore for the stdy of glohal changes an
AM fusmgi, large spatial and termparal scale assessments have been considered. The
majarity of experiments oaly permit to somct short-derm esperses, thongh lngs
ferT respotises are mooe approp ate- For ecampile, 00 springs, giohal distibution of
._.._m:ng—iﬂn:l regional extinction barmise of climate E.E@-. Emﬂ:ﬁl
eommunity may alia be impacted serording i hast bisdive ity at local seales:
Fartfier, ehanges in AM Eingal pommisnity that are not affected by the changes in plant
comomnity should he stodied tn find preciss respanse of myzorrhizasto giohal change.

Kevwords
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Adjusted Bias and Risk for Estimating Trentment Effect after Selection with an Application in Idigpathic Ostecporosis - 369

CHAPTER 22

Adijusted Bias and Risk for Estimating Treatment Effect after
Selection with an Application in Idiopathic Osteoporosis

Omer Abdalghani.’ Mohd, Arshad,** K R Meena® and A K Pathak*

1. Introduction

In chinical researches, when comparing the effects of different treatments (therapics or drugs), usually s physician would like o
select the most effective treatment among k (= 2) active treatments. The classical statistical approach 1o such a problem are the

statistical significance tests (such as the test of homogeneity), where we ine the hy of equality of treatment effects.
Htﬁuhypdhuuumwud,“hﬂehmfmmhehmnﬂmhuw:dnndhwﬁ:mfummmh
best (most cffective) | tests (wheth wndﬂmrylcldmdlymﬂmtmh}&:mmb

the information ebout the selection of the most effective treatment. To this end, one problem
mmﬂmm«mhmmmdsﬂmNMMwanghmMm
among the k availabl using some selection rules. The quality of a reatment is assessed in terms of the characteristic (or
parametric function) associated with it. Often, a primary characteristic of interest is the mean effect of a treatment. Moreover, the
mmumwmmmmmhmmmmmmmpﬁmu{Mn
the estimation of treatment mean effect after selection. Some relevant selecti in arc d in finding the
mlm«mwmmuwummmw»wﬁ:wueumummnw
mmmmwmmmmmwwummwzywmwmm-w
or number of i with a jard therapy or a placebo, then one or two treatments will be selected, based on
ﬂuhmdmfwﬁrﬂuwh\uﬂpﬂm Such a design is called ‘select and test” design due to Tall et al., 1998; Stallard and
Todd, 2003. Most randomi ive clinical trials including well-designed trials can produce bias in conventional treatment
estimation. For example, in the process of randomi: if the all mmummwumwmwm
or patients have a preconceived idea about their allocation, then the process would be a form of selection bias (inter
‘bias), If a physician has prior knowledge of how a new treatment might work, then, their evaluation of the patient’s responses could
be a source of bias. However, they are often potential sources of bias that might not be so apparent, for example follow-up bias,
bias, and exclusion bias.

The bias of estimators may occur when the maximum mean effect of several treatments has to be determined, or the mean effect
of the selected treatment has to be estimated. It is so because these estimators may contribute to the decision as to whether to continue
a drug development program or to select a specific treatment. Bias is likely to be high if the experimental treatments have similar
meﬂﬁ.ﬁnﬂﬂvmﬂmm:ﬁdaﬁ:eﬁmwmmﬁm“ﬂ:uwlScmﬁmulmﬂs

d for lection bias that may arise in these situations as discussed in Shen, 2001; Stallard and Todd, 2005.
In some situati i may wish to esti the mean effect after selection. In the literature, the problem of
mmemmmcummmmwwm Most discussions focused on obtaining estimators of the

inted with the and deriving various results using different loss functions. For

mommﬁu&mmﬂmwﬂm mmwmmwummimmmm 2001;
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Chapter 10

Bacteriophages in the Treatment of Biofilms

Saroj and Urmi Bajpai
Diepartment of Bismedical Science,

Acharya Narendra Dew College.
Unrversity of DieThi, Mew Dedhi. India

Abstract

Antmcrobial resisonce (AMED 15 3 growing nisis and only a2 few pew anbhdotics at
various stages of development are i the pipeline. To fght AMP. discovery and
development of movel anfbacterial agens is weoendy required and mining of novel
antinticrobial leads Fom nature is f251 emerzine a5 3 visbie snd promising option. Amons
the mamy varizbles that contribute to AME. biofihm formation durimgz bacteriz] prowth has
been idenfified as a critica]l comtmibutor which protects sensitive bacesia fom anbibaotics
Biofilnis are constneed of a0 assemblad microbial population adbherine 1o each other and
to the solid swfsces, emeloped in an extrscellulsr moitrix that comsists lsrgely of
pohveacchandes, mocleic acids amd protems. BioSlms can be found on 1wing tissue,
wommnds, and on the surfaces of medical and prosthetic devices. Given therr refaciony
response o available anhbionc treatrment, the potential of bacteriophages and ther damed
proteins as bioSlm inbibitors disnapiors 1= reviewsad in this chapter. Bactenophazes and the
encoded snmymes such & endolyums, EPS depolymerase can be hamesczed effectvely to
reat opical biofilms in wounds or those foumd internally such 2: in the mfected hmes.
Thoush phage therapy has been practsed n Eastern Burope for shout & cennmy now, it is
yei to be established through the rizours of western clinical medicine. In a few casa studies
in recent yvears, the Food and Dmg Administation (FDA) approved phage therapy in the
United States and in the United Einpdom 8s an Emergency Investigational MNew Dug
{eMNILY). Several phages and phage product are corentty i the pre-clinical stage or
different phases of clinical mals. This chapter suremanizes the Omrant states and prospects
of climical wses of phare and phape-dermed producs slome or in conbmstion with
AnHCs.

Eeywords: hactenophage sntimocrobial resistance. hiofilm. hysing therapentics

! Corespending Asthor's Fmail: oomitaipasiiandc.duacin

In: Bacteriophapes
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Pharmacotherapeutics for Infectious
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427 Accesses

Abstract

Infectious diseases are caused by living
microorganisms such as bacteria, virus, parasite,
and fungi that infect millions of people around the
globe. These infectious diseases have been
responsible for frequent outbreaks, sometimes
culminating into epidemic or pandemic, the most
recent one being the on-going COVID-19 pandemic
caused by SARS-CoV-2. The major challenge posed
by these infectious agents is the increasing cases of
drug resistance and mutations (mainly in viruses).
Another issue is the non-targeted approach of the
conventional therapeutic agents which may lead to
cytotoxic side-effects, low bioavailability, and the
development of drug resistance. Hence, to
overcome these shortcomings a target-based
approach has been adopted in drug designing that
would target the specific gene or protein involved
in pathogenesis of above-mentioned
microorganisms. In recent years, nanotechnology

has gained great momentum in designing a

08-01-2023, 08:38
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targeted drug delivery system, wherein the targeted
drug molecule is encapsulated in the nano-carrier
which can be programmed for sustained drug
release and has higher efficacy against the
pathogens. Some of the nanoparticle platforms like
liposome, dendrimers, hydrogels, metal-based
nanoparticles have recently proved their efficacy at
the molecular site (like as reticuloendothelial
system, macrophages) where native conventional
drugs could not penetrate efficiently. The major
advantages of using nano-formulations in drug
delivery are low toxicity, sustained release of drugs,
enhanced drug uptake, etc. The chapter is primarily
focused on the use of nanomedicine in
pharmacological intervention for improving
treatment regimen and strategies against infectious
organism and is concluded by discussing the
alternative strategy of monoclonal antibody

therapy.
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CHAPTER 8

Graphene Based Nanomaterials as Catalyst in
Reduction Reactions

Leena Khanna"’, Mansi ' and Pankaj Khanna®
! University School of Basic and Applied Sciences, Guru Gobind Singh Indraprastha University,
Sector 16-C, Dwarka, New Delhi-110078, India

? Department of Chemistry, Acharya Narendra Dev College, University of Delhi, Kalkaji, New
Delhi-110019, India

Abstract: The exceptionally outstanding physical and chemical properties as well as
unique morphology of graphene have led to the development of various graphene-
based catalysts, which are highly effective and selective in the reduction and
hydrogenation reactions of organic compounds. This chapter is dedicated to
compilation of the versatile reactions of hydrogenation/reduction over graphene-based
catalysts. The use of catalyst allows highly effective and selective reduction of
substrates in an effortless, recyclable, constructible and environmentally benign
system.

Keywords: Eco-friendly, Graphene, Hydrogenation, Nanocomposites, Reduction,
Solid support.

INTRODUCTION

The chemistry of graphene has recently been explored and become an important
part of material science just after a breakthrough work done by Geim and
Novoselov in 2004 [1 - 3]. It has a 2D-sheet structure having conjugated carbon
atoms with sp>-hybridization and an extended honeycomb-like network structure.
Various properties of graphene, like high surface area, fine size, chemical
inertness, great mechanical strength, and conductivity make it an ideal material
for catalysis, organic conversion energy storage, efc.

The 2-dimensional single-layer carbon sheet structure of graphene serves as a
building unit for the synthesis of graphite, fullerenes and nanotubes with three-,
one- and zero-dimensional structures, respectively. Graphene sheets with a large

* Corresponding author Leena Khanna: University School of Basic and Applied Sciences, Guru Gobind Singh
Indraprastha University, Sector 16-C, Dwarka, New Delhi-110078, India; E-mail: leenakhanna@ipu.ac.in

Manorama Singh, Vijai K. Rai and Ankita Rai (Eds)
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CHAPTER 6

Nanocatalysis for  Reduction/Hydrogenation
Reactions

Leena Khanna'’, Mansi' and Pankaj Khanna®

! University School of Basic and Applied Sciences, Guru Gobind Singh Indraprastha University,
Dwarka, New Delhi-110078, India

? Department of Chemistry, Acharya Narendra Dev College, University of Delhi, Kalkaji, New
Delhi-110019, India

Abstract: Heterogeneous nanocatalyst demonstrate excellent catalytic activity for the
hydrogenation/reduction of nitro-aromatics, carbonyls, alkenes/alkynes in the presence
of different reductants such as NaBH, and H, using various solvents such as ethanol,
methanol, dioxane, THF, and water, as green solvents. Earth-abundant coordinating
elements such as Pd, Pt, Fe, Cu, Co, Ag, Au, and Ni, elementary synthesis, short time
reactions, high selectivity, mild reaction conditions, and reusability of nanocatalyst for
at least 4-5 cycles without any loss in catalytic activity, are some priorities for the
hydrogenation reactions using nanocatalyst.

Keywords: Alkenes, Alkynes, Bimetallic, Carbonyls, Hydrogenation, Nano-
catalyst, Nitro aromatics, Reducing agents, Reduction.

INTRODUCTION

Hydrogenation and reduction of compounds are important chemical reactions in
organic synthesis as well as industries. The use of heterogeneous metal catalysts
has been the most versatile and dynamic process for these reactions. It was about
100 years ago when Paul Sabatier hydrogenated alkenes efficiently over Ni metal
catalysts [1]. Since then, the use of these solid catalysts has multiplied thousand
times. The heterogeneous metal catalysis owns a broad scope, besides Ni, Pd, and
Pt, we now have several cheap metals to catalyse the hydrogen-ation/reduction
reactions. A wide variety of multifunctional molecules are reduced by this
method, and numerous value-added products can be obtained in high yield in a
short time, with chemo and/or regioselective control.

" Corresponding author Leena Khanna: University School of Basic and Applied Sciences, Guru Gobind Singh
Indraprastha University, Dwarka, New Delhi-110078, India; E-mail: leenakhanna@ipu.ac.in
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2 1 The Impact of Climate Change on

Human Health in India: An Overview
Chapter

Dinesh Kumar Arya'¢Asha Verma’ and Gobind Ji Rai'**
'Department of Chemistry. Acharya Narendra Dev College,
University of Delhi, Delhi, India
’Department of chemistry, University of Rajasthan, Jaipur, India
*Department of Chemistry, Swami Shraddhanand-College, University of Delhi, Delhi, India

B Introduction:

Climate change occurs over decades, and still now-a-day climate change
have occurred naturally, because of continental drift, numerous astronomical cycles,
variations in solar energy output, and volcanic activity. Over the past few decades, it
has become increasingly apparent that human actions changes atmospheric
composition causing global climate change [I]. The Ministry of Earth Science
(MoES), Government of India have published a report in 2020, under titled
"Assessment of Climate Change over the Indian Region" considering that the
impact of climate change as one of the most significant and concerning issues of the
India that is the second largest country in the world by population and is rapidly
catching up to China. The lack of adaptive capacity coupled with limited resources
to help bolster health infrastructure have made it extremely challenging for the India
to cope with the spread of illness and disease. Due to diverse array of temperature
zones, climate change in India is now making things far worse. From the Himalayas
in the far north, to coastal megacities, to deserts where the 50° Celsius mark is
usually breached, the nation 1s persistently ranked as one of the most sensitive to
climate change [2, 3].

The key question is, how will the climate change affect human health?
Climate impacts numerous key determinants of health on which we depends that
leads to extremes and violent weather events; resurgence of disease organisms and
vectors, food and water, affects the quantity of air and the stability of the
ecosystems. Climate changes have both direct and indirect impact on human health.
Indirect impacts emanate from changes in temperature patterns that can disturb
natural ecosystems, change the ecology of infectious diseases, exacerbate air
pollution levels, harm agriculture and fresh water supplies, and cause large-scale
reorganization of plant and animal communities [4]. Climate change is a significant
and femerging threat to public health. The effects of climate change on human health
are influenced by a variety of pathways and there may be long delays between

244 ‘\m,;/
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Chapter of Silver Nanoparticles
Rajesh Kumar Meena', Dinesh Kumar Arya’ Aprajita Gaur', Divya Verma',

Princi Singhal', Yashika Aggarwal' and Anjali Saini'
K alindi College, University of Delhi
2 charya Narendra Dev College, University of Delhi

B Introduction: )
A nanotechnology process involves designing, fabricating and applying

nanostructures or nanomaterials, and analyzing the relationship between physical
properties and the dimensions of those materials. Materials or structures that have
nanometer-scale dimensions are known as nanotechnology, which includes

substances and systems in the nanometer range.

1 nm = 10° meter
The nanotechnology field deals with developing and utilizing nanostructures OF

nanoscales with individual atoms arranged at intermediate scales, providing new

properties as compared to bulk materials [1]. Figure 1 illustrates a variety of

nanomaterials.
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ABSTRACT: This work is mainly focused on the synthesis of an
efficient and reusable heterogeneous Au/NiAlTi layered double
hydroxide (LDH) nanocatalyst and its applications in the preparation
of biologically important xanthene, 1,4-dihydropyridine, polyhydroquino-
line, and 4H-pyran derivatives. NiAlTi LDH was designed hydro-
thermally and then gold was supported over the surface of LDH by using
ion-exchange and NaBH, reduction methods. The synthesized nano-
catalyst was physicochemically characterized by X-ray diffractrometry,
Fourier-transform infrared spectroscopy, thermogravimetric analysis,
scanning electron microscopy, and transmission electron microscopy
(TEM). The TEM images confirmed the support of gold nanoparticles
over the surface of LDH with a size distribution of 7—9 nm. The well-
characterized nanocatalyst was tested for the synthesis of biologically
important xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-
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pyran derivatives. The advantages obtained were excellent yields in a lesser reaction time. Stability and reusability were also accessed;
the catalyst was stable even after five cycles. High catalytic efficiency, easy fabrication, and recycling ability of Au/NiAITi LDH make
it a potential catalyst for the synthesis of xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-pyran derivatives.

1. INTRODUCTION

Xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-
pyran derivatives are famous structural architectures found in
many synthetic drugs, biologically active natural products, and
essential units for chemical intermediates." Therefore, many
methods have been reported for their catalytic synthesis with
different advantages. Still, each of them offers various
limitations such as hazardous and long catalyst preparation,
harsh conditions, extended workup, and toxic and expensive
solvents and reagents. Therefore, the fabrication of novel
heterogeneous catalysts for such catalytic synthesis to replace
toxic, polluting, and conventional catalysts has attracted the
attention of many researchers because of their easy recovery,
selectivity, reusability, enhanced reactivity, and convenient
product isolation.”

Nanocatalysts have gained ample attention for various such
transformations but suffer from disadvantages such as
reusability and recovery. Therefore, designing heterogeneous
nanocatalysts could be a better alternative as they can be
separated easily by centrifugation or filtration methods and
reused after catalyst washing.’ Layered double hydroxides
(LDHs), also named hydrotalcite-like compounds, are a
branch of clay minerals having positively charged octahedral-
type brucite-like sheets intercalated with anionic charges and
H,O molecules.”® Because of their properties of high surface

© 2020 American Chemical Society

7 ACS Publications

23967

area and anion-exchange capacities, LDHs have emerged as
eco-friendly materials in the fields of catalysis, drug carriers,
adsorption, anion exchange, and precursors for magnetic
materials.*"” As LDHs can be synthesized by economic and
simple routes, they have gained considerable attraction in the
field of catalytic synthesis of organic compounds.

To date, many metal nanoparticles and metal ions such as
copper, cobalt, ruthenium, and palladium have been used
catalytically for various reactions such as oxidation of alcohols
and so forth. For the last few decades, gold catalysts have
attracted attention because of their higher catalytic proper-
ties.'” One of the essential applications of Au nanoparticles in
organic synthesis is alcohol oxidation."' Nanocomposites
fabricated by supporting Au on a support system (LDHs)
could generate an active catalyst for various organic trans-
formations with a greater efliciency.

Herein, we have fabricated a new nanocomposite material by
supporting gold nanoparticles over hydrothermally generated
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ternary NiAlTi LDH.” This nanocomposite was used for the
first time as a nanocatalyst for the synthesis of xanthene, 1,4-
dihydropyridine, polyhydroquinoline, and 4H-pyran deriva-
tives.

2. RESULTS AND DISCUSSION

2.1. Characterization of NiAITi LDH and Au/NiAlITi
LDH. Figure la illustrates the X-ray diffraction (XRD)
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Figure 1. XRD patterns of (a) NiAlTi LDH and (b) Au/NiAlTi
LDH.

spectrum of hydrothermally generated NiAlTi LDH, which
could be correlated with the previously reported data.”> The
characteristic diffraction peaks of (00L) series [(003), (006),
and (009)] detected at 11.43, 22.78, and 39.32°, respectively,
illustrate the formation of the lamellar structure of LDH,
intercalated with water and carbonate ions. The d-spacing for
the (003) plane (0.866 nm) and the (110) plane (0.35 nm)
could be easily linked with the reported Ti-assimilated LDHs.
The TiO, anatase phase could be confirmed by the (110)
diffraction plane located at 25.17°. The other XRD peaks
illustrating (100), (018), and (113) represent the carbonate-
and water-intercalated LDH material. Figure 1b depicts the
XRD spectrum of Au-supported NiAlTi LDH. The presence of
gold nanoparticles on the surface of NiAlTi LDH was
confirmed by the obtained XRD spectrum. The two diffraction
peaks other than the characteristic peaks of NiAlTi LDH
present at 38.1 and 452° confirm the presence of Au
nanoparticles as these peaks could be assigned to the (111)
and (200) standard Braggs reflection planes of crystalline Au
nanoparticles, respectively.

Figure 2 depicts the Fourier-transform infrared (FTIR)
spectra of NiAlTi LDH and Au/NiAlTi LDH. The FTIR
spectrum of NiAlITi LDH illustrated in Figure 2a consists of a
broad band located at 3406 cm™" confirming the presence of
intercalated water molecules and the —OH group of brucite
layers. The existence of a shoulder band at 3120 cm™ could
prove the existence of H-bonding between carbonate ions and
water molecules. Furthermore, an asymmetric band at 1363
cm™ could confirm the presence of carbonate ions interlayered
within the brucite sheets. When gold was supported over the
surface of NiAlTi LDH, like the XRD spectrum, no changes
were observed in the FTIR spectrum of Au/NiAlTi LDH,
stating the existence of interlayered carbonate ions and water
molecules (Figure 2a).°

Transmittance (%)

4000 3000 2000 1000
Wavenumber (em~1)

Figure 2. FTIR spectra of (a) NiAlTi LDH and (b) Au/NiAlTi LDH.

Furthermore, Figure 3 represents the thermogravimetric
analysis (TGA) of NiAITi LDH and Au/NiAlTi LDH. The TG
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Figure 3. TGA spectra of (a) NiAlTi LDH and (b) Au/NiAlTi LDH.

curves of both NiAlTi LDH and Au/NiAlTi LDH show initial
degradation in the range of 50—200 °C, which illustrates the
elimination of water molecules from the interlayers of LDH
and also physisorbed water molecules (in both the cases).
Furthermore, the second degradation observed around 290 °C,
might be attributed to the brucite layers’ concomitant
dehydration. Finally, the third degradation around 400 °C is
due to carbonate anions’ decomposition. ™’

Electron microscopy images are depicted in Figure 4. Figure
4a represents the scanning electron microscopy (SEM) image
of NiAITi LDH, clearly showing the platelet-like structure of
NiAlTi LDH. The transmission electron microscopy (TEM)
image of NiAITi LDH, depicted in Figure 4b, confirms the
formation of sheet-like formation in correlation with the
previously reported work.”® Figure 4c shows the SEM image of
Au-supported NiAlTi LDH, which confirms that the platelet-
like morphology was not distorted after the Au-supporting
process. Figure 4d displays the TEM image of Au/NiAlITi
LDH, confirming the formation of fringes (0.63 and 0.34 nm),
which were found to be in excellent correlation with d-spacing
obtained from XRD analysis. The support of Au nanoparticles
on the layers of LDH was confirmed by the TEM images of
Au/NiAlTi LDH (Figure 4e). The Au nanoparticles were
slightly distributed at 7—9 nm.

2.2. Catalytic Activity of Au/NiAlTi LDH. 2.2.1. Synthesis
of Xanthene Derivatives by Au/NiAlTi LDH. The catalytic
activity of Au/NiAlTi LDH was estimated for the synthesis of
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Figure 4. (a) SEM image of NiAlTi LDH, (b) HRTEM image of NiAlTi LDH, (c) SEM image of Au/NiAlTi LDH, (d) TEM image of Au/NiAlTi
LDH, (e) TEM image of Au/NiAlTi LDH displaying Au nanoparticle sizes and (f) EDAX spectra of Au/NiAITi LDH.

xanthene derivatives. The optimal conditions were obtained
using 1 mmol of 4-nitrobenzaldehyde and 2 mmol of §,5-
dimethylcyclohexane-1,3-dione/1,3-cyclohexanedione as the
model reaction for the synthesis of xanthene derivatives.
Variation in various parameters such as the catalyst amount,
temperature, and solvent was evaluated (Table 1). The results

Table 1. Optimization of Reaction Conditions for the
Synthesis of Xanthene Derivatives

catalyst and catalyst tem, time yield
entry amount (mg) solvent (°Cc (min) (%)
1 rt 240 trace
2 80 240 trace
3 ethanol rt 240 trace
4 ethanol 80 240 10
S Au/NiAlTi LDH (5) ethanol it 120 3s
6 Au/NiAlTi LDH (S) ethanol 50 90 75
7 Au/NiAlTi LDH (5) ethanol reflux 60 85
8 Au/NiAlTi LDH (S) H,0 rt 240 trace
9 Au/NiAlTi LDH (5) H,0 reflux 240 trace
10 Au/NiAlTi LDH (5) acetonitrile reflux 120 S0
11 Au/NiAlTi LDH (5) chloroform reflux 120 49
12 Au/NiAlTi LDH (10) ethanol reflux 20 92
13 Au/NiAlTi LDH (15) ethanol reflux 20 93
14 NiAlTi LDH (20) ethanol reflux 120 60

combined in Table 1 state that when the optimization of the
xanthene derivative was carried out in the absence of the
catalyst, without or with ethanol as a solvent, at room
temperature or reflux conditions with ethanol as a solvent, the
obtained xanthene derivative yield was very low. When Au/
NiAlTi LDH was added as a catalyst at room temperature with
ethanol as a solvent, a moderate increase in the yield was
observed, but favorable results were observed under reflux
conditions. Furthermore, the reaction was tested for different
solvents, but none of them responded as a better solvent than
ethanol for this reaction. Finally, the amount of Au/NiAlTi
LDH was optimized. The obtained optimized condition for the
synthesis of xanthene derivatives was the use of 10 mg of Au/
NiAITi LDH in ethanol under reflux conditions. Furthermore,
the designed gold catalyst was tested for the synthesis of other
xanthene derivatives using different aromatic aldehydes (Table
2). NMR characterization technique was used for confirming
the formation of desired xanthene products. Based on the
NMR results, it might be stated that the product obtained after

Table 2. Synthesis of Xanthene Derivatives

o 0 i AwNiAITi LDH,
+
= reflux, Ethanol
R] Rl RZ
1 2
time yield
entry R aldehyde product (min) (%)
1 CH;  4-nitrobenzaldehyde 3a 20 92
2 CH;  3-methoxybenzaldehyde 3b 30 85
3 CH;  3-methylbenzaldehyde 3c 30 87
4 CH;  3-chlorobenzaldehyde 3d 30 87
N CH;  4-cyanobenzaldehyde 3e 20 93
6 H 4-nitrobenzaldehyde 3f 20 90
7 H 3-bromobenzaldehyde 3g 30 87
8 H 3-methylbenzaldehyde 3h 30 86
9 H 4-methyoxybenzaldehyde 3i 30 88
10 H 4-hydroxybenzaldehyde 3j 25 90

crystallization was pure xanthene derivatives without any
aldehyde impurities.

The proposed mechanism for the catalytic xanthene
synthesis consists of a series of consecutive reactions illustrated
in Figure S. Initially, the carbonyl group of aldehyde gets
activated by Au/NiAlTi LDH, followed by the formation of an
intermediate (A) via the nucleophilic attack between
dimedone and the activated carbonyl group. Furthermore, an
intermediate (B) is formed by the Michael addition of the
second dimedone molecule, resulting in the elimination of
water after intramolecular cyclization. Finally, the desired
xanthene product is obtained." "

2.2.2. Synthesis of 1,4- dihydropyridine and Polyhydro-
quinoline Derivatives using Au/NiAlTi LDH. Furthermore, the
catalytic activity of Au/NiAITi LDH was also tested for the
synthesis of 1,4-dihydropyridine (1,4-DHP) and polyhydro-
quinoline derivatives as a pseudo-four-component reaction.
The optimal conditions were obtained using 1 mmol of 4-
nitrobenzaldehyde, 2 mmol of ethyl acetoacetate, and 1 mmol
of ammonium acetate as the model reaction for the synthesis
of 1-DHP and polyhydroquinoline derivatives. The effects of
various parameters such as the catalyst amount, temperature,
and solvent were evaluated (Table 3). The results combined in
Table 3 were in great correlation with xanthene synthesis. The
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Figure S. Plausible mechanism of xanthene derivative synthesis.

Table 3. Optimization of Reaction Conditions for the
Synthesis of 1,4-DHP and Polyhydroquinoline Derivatives

catalyst and catalyst tem, time yield
entry amount (mg) solvent (°Cc (min) (%)
1 Rt 240 trace
2 80 240 trace
3 ethanol rt 240 trace
4 ethanol 80 240 15
S Au/NiAlTi LDH (5)  ethanol rt 120 40
6 Au/NiAlTi LDH (5) ethanol S0 90 78
7 Au/NiAlTi LDH (5) ethanol reflux 60 90
8 Au/NiAlTi LDH (S) H,0 rt 240 trace
9 Au/NiAlTi LDH (5) H,0 reflux 240 trace
10  Au/NiAlTi LDH (5) acetonitrile  reflux 120 52
11 Au/NiAITi LDH (5) chloroform reflux 120 50
12 Au/NiAlTi LDH (10) ethanol reflux 20 94
13 Au/NiAlTi LDH (15) ethanol reflux 20 94
14 NiAlTi LDH (20) ethanol reflux 120 SS

optimization study states that when the optimization was
carried in the absence of the catalyst, without or with ethanol
as a solvent, at room temperature or under reflux conditions
with ethanol as a solvent, the obtained xanthene derivative
yield was meager. Furthermore, when Au/NiAlTi LDH was
added as a catalyst at room temperature with ethanol as a
solvent, a moderate increase in the yield was observed, but
favorable results were observed when the pseudo-four-
component reaction was refluxed.

Also, the reaction was tested for different solvents, but none
of them responded as a better solvent than ethanol for this
reaction. Finally, the amount of Au/NiAlTi LDH was
optimized. The obtained optimized condition for the synthesis
of xanthene derivatives was the use of 10 mg of Au/NiAlTi
LDH in ethanol under reflux conditions. Furthermore, the
designed gold catalyst was tested for the synthesis of other 1,4-
DHP and polyhydroquinoline derivatives using different
aromatic aldehydes (Table 4). The formation of desired pure
1,4-DHP products was confirmed by the NMR technique.

A plausible mechanism comprising a sequence of consec-
utive reactions is depicted in Figure 6. The synthesis of 1,4-
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Figure 6. Plausible mechanism of 1,4-DHP and polyhydroquinoline
derivative synthesis.

DHP and polyhydroquinoline derivatives follows two pathways
[A] and [B], as illustrated in Figure 6. In route [A], the

Table 4. Synthesis of 1,4-DHP and Polyhydroquinoline Derivatives

~ i " +OWO . NHoAe AWNiAITi LDH,
[ X vy reflux, Ethanol
R; X=OEt, Y=CH, (4)
2 X=CH,-C(CHy),-CH, (5) ©
entry 1,3-carbonyl aldehyde product time (min) yield (%)
1 4 4-nitrobenzaldehyde 7a 20 94
2 4 4-methoxybenzaldehyde 7b 30 86
3 4 4-chlorobenzaldehyde 7c 30 88
4 4 4-hydroxybenzaldehyde 7d 30 86
S 4 4-cyanobenzaldehyde 7e 20 92
6 S 4-nitrobenzaldehyde 7f 20 95
7 S 3-bromobenzaldehyde 78 30 88
8 S 2-methylbenzaldehyde 7h 30 85
9 S 4-dimethylaminobenzaldehyde 7i 30 94
10 S 4-hydroxybenzaldehyde 7j 25 87
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reaction gets initiated by the acid—base bifunctional LDH
catalyst. The available acidic sites activate the aldehyde via
protonation, whereas the acidic hydrogen of 1,3-dicarbonyl is
simultaneously captured by the Au/NiAlTi LDH catalyst.
These generated electrophiles and nucleophiles react together
to generate a Knoevenagel intermediate [I], which further
undergoes a Michael reaction with the second enolizable 1,3-
dicarbonyl group to generate a second intermediate [II]. The
so-formed second intermediate further reacts with ammonium
acetate to form enamine, which further results in the desired
product after intramolecular cyclization and dehydration
steps.13

2.2.3. Synthesis of 2-Amino-4H-pyran Derivatives by Au/
NiAITi LDH. The catalytic activity of Au/NiAlTi LDH was also
estimated for the synthesis of 2-amino-4H-pyran derivatives.
The optimal conditions were obtained by using the three-
component reaction between 1 mmol of 4-nitrobenzaldehyde,
1 mmol of dimedone, and 1 mmol of malononitrile. The effects
of different parameters were investigated by the model reaction
and are summarized in Table 5. As stated by the results, the
optimal condition for the synthesis of 2-amino-4H-pyran
derivatives was the use of 10 mg of Au/NiAlTi LDH under

Table 5. Optimization of Reaction Conditions for the
Synthesis of 2-Amino-4H-pyran Derivatives

catalyst and catalyst temg time yield

entry amount (mg) solvent (min) (%)
1 Rt 240 trace
2 80 240 trace
3 ethanol Rt 240 trace
4 ethanol 80 240 17
S Au/NiAlTi LDH (5) ethanol Rt 120 42
6 Au/NiAlTi LDH (5) ethanol 50 90 75
7 Au/NiAlTi LDH (5) ethanol reflux 60 92
8 Au/NiAlTi LDH (5) H,0 Rt 240 trace
9 Au/NiAlTi LDH (5) H,0 reflux 240 trace
10 Au/NiAlTi LDH (5) acetonitrile reflux 120 50
11 Au/NiAlTi LDH (5) chloroform  reflux 120 41
12 Au/NiAlTi LDH (10)  ethanol reflux 20 93
13 Au/NiAlTi LDH (15) ethanol reflux 20 94
14 NiAlTi LDH (20) ethanol reflux 120 65

reflux conditions in ethanol. Furthermore, the scope of the
designed gold nanocatalyst was investigated for the other
aldehydes and 1,3-dicarbonyl compounds and the results are
summarized in Table 6. The proposed mechanism for the
catalytic synthesis of 4H-pyran derivatives is illustrated in
Figure 7.

2.2.4. Recyclability of the Au/NiAlTi LDH Catalyst.
Heterogeneous catalysis displays the advantages of easy
separation and recyclability. Therefore, the reusability of the
nanocatalyst was tested with the model reactions. After the
completion of the reaction, Au/NiAlTi LDH was separated by
using the filtration method. The recovered catalyst was washed
with ethyl acetate, normal hexane, and ethanol and further
oven-dried at 50 °C. Furthermore, the recycled nanocatalyst
was employed for four consecutive cycles, and the results are
depicted in Figure 81. According to the results, no considerable
reduction in the efficiency of Au/NiAlTi LDH was observed.
The comparison of the FTIR spectra of the recycled
nanocatalyst after four consecutive cycles with the fresh
catalyst illustrates that the Au-supported LDH nanocatalyst

Table 6. Synthesis of 2-Amino-4H-pyran Derivatives

R
Auw/NiAlTi LDH, a cN
Y\f LNCTCON Ty
reflux, Ethanol ||
X=OEt, Y=CHj (4) Y707 ONH,
X+Y=CH,-C(CHj),-CH, (5) 8 9
time  yield
entry 1,3-carbonyl aldehyde product (min) (%)
1 4 4-nitrobenzaldehyde 9a 20 93
2 4 4-methoxybenzaldehyde 9b 45 80
3 4 4-chlorobenzaldehyde 9c 30 90
4 4 4-hydroxybenzaldehyde 9d 40 87
N 4 4-cyanobenzaldehyde 9e 20 93
6 S 4-nitrobenzaldehyde of 20 94
7 S 3-nitrobenzaldehyde 9g 30 86
8 N 2-methylbenzaldehyde %h 30 88
9 S 4-methylbenzaldehyde 9i 30 86
10 N 4-hydroxybenzaldehyde 9j 25 88
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Figure 7. Plausible mechanism of 2-amino-4H-pyran derivative
synthesis.

does not undergo any structural change after the catalytic
reaction (Figure 8II).

Furthermore, a comparative study of the catalytic efficiency
of Au/NiAlTi LDH with previously reported catalysts is
depicted in Table 7.

3. CONCLUSIONS

In summary, a novel, efficient, and recyclable heterogeneous
nanocatalyst Au/NiAITi LDH was developed. NiAlTi LDH
was synthesized by using the hydrothermal route and gold
nanoparticles were supported over the surface of the NiAITi
LDH by using ion-exchange and NaBH, reduction methods.
The synthesized nanocatalyst was physicochemically charac-
terized by XRD, FTIR spectroscopy, TGA, SEM, and TEM
analyses. The TEM images confirmed the support of gold
nanoparticles over the surface of LDH with a size distribution
of 7—9 nm. This nanocatalyst was found to be an efficient
catalyst for the synthesis of various biologically important
xanthene, 1,4-dihydropyridine, polyhydroquinoline, and 4H-
pyran derivatives under greener solvent conditions with
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Figure 8. (I) Recyclability of the catalyst and (II) FTIR spectra of (a) fresh Au/NiAlTi LDH and (b) recovered catalyst after five cycles.

Table 7. Comparative Study of Catalytic Efficiency of Au/NiAlTi LDH

entry catalyst and catalyst amount derivative solvent/condition time yield (%) refs
1 Fe**-montmorillonite, 85 mg xanthene EtOH, 100 °C 6h 94 15
2 Zr(DP),, 10 mol % xanthene EtOH/reflux 24 h 98 16
3 $O,*/Zr0,, 15 wt % xanthene EtOH/70 °C 8h 95 17
4 Au/NiAlTi LDH xanthene EtOH/reflux 20 92 this study
s AL(S0O,)s, 10 mol % 1,4-DHP EtOH /reflux 8h 92 18
6 La,0;, 10 mol % 1,4-DHP TFE 1-15h 89 19
7 BiBr3, 2 mol % 1,4-DHP EtOH 2h 86 20
8 Au/NiAlTi LDH 1,4-DHP EtOH/reflux 20 94 this study
9 NH,OAc (1.5 mol) 4H-pyran rt 15 min 59 21
10 SBPPSP (S0 mg) 4H-pyran EtOH/H,0 (1:1), reflux 20 min 92 22
11 Au/NiAlTi LDH 4H-pyran ethanol, reflux 20 min 93 this study

excellent yields. Moreover, the recyclability test indicated that
it can be reused for four consecutive runs without appreciable
loss in catalytic efficiency. This method provides several
advantages, which include simplicity, yield, green solvent
conditions, ambient reaction conditions, faster synthesis,
inexpensive reactants, easy catalyst recovery, and recyclability
of the catalyst.

4. EXPERIMENTAL SECTION

4.1. Materials. All the reagents and materials were acquired
from commercial sources and were used as such without any
further purification. XRD patterns were recorded on a X-ray
diffractometer (model no. D8 DISCOVER). Morphological
studies were evaluated on a TECNAI 200 kV transmission
electron microscope (FEI, Electron Optics). FTIR spectra
were obtained on an IRAffinity-1S FTIR spectrophotometer.

4.2, Preparation of Au/NiAlTi LDH. NiAITi LDH was
synthesized using a previously reported hydrothermal route.’
2.74 g of Ni(NO;),-6H,0, 1.77 g of AI(NO;);-9H,0, 0.3 mL
of TiCl,, and 1.5 g of urea were dissolved in distilled water.
The mixture was aged for 48 h in a hydrothermal autoclave at
150 °C. The material so-obtained was filtered, washed with
deionized water and ethanol, and dried at 60 °C. Furthermore,
the gold was supported on synthesized NiAITi LDH by using
ion-exchange and NaBH, reduction methods. For a typical run,
0.025 g of hydrochloroauric acid was dissolved in 80 mL of
water, followed by the addition of 700 mg of LDH, and stirring
overnight. After filtering, washing, and drying, the sample was
transferred to 50 mL of toluene, followed by the addition of
NaBH,. After stirring for 10 min, 15 mL of ethanol was added
and the mixture was stirred for 6 h. Au/NiAlTi LDH with Au
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loading was collected by filtration and washed with ethanol and
water.

4.3. General Route for the Synthesis of Xanthene
Derivatives. A mixture of 1 mmol of aldehyde, 2 mmol of 5,5-
dimethylcyclohexane-1,3-dione/1,3-cyclohexanedione, and 10
mg of Au/NiAlTi LDH in 10 mL of ethanol was refluxed for a
suitable time period. The reaction progress was further
monitored by thin-layer chromatography (TLC) with ethyl
acetate/hexane as the eluent. On completion of the reaction,
the catalyst was filtered out and the pure product was obtained
by using the recrystallization method.

4.4. General Route for the Synthesis of 1,4-DHP and
Polyhydroquinoline Derivatives. A mixture of 1 mmol of
aldehyde, 2 mmol of 1,3-dicarbonyl, 1 mmol of ammonium
acetate, and 10 mg of Au/NiAlTi LDH in 10 mL of ethanol
was refluxed for a suitable time period. The reaction progress
was further monitored by TLC with ethyl acetate/hexane as
the eluent. On completion of the reaction, the catalyst was
filtered out and the pure product was obtained by using the
recrystallization method.

4.5. General Route for the Synthesis of 4H-Pyran
Derivatives. A mixture of 1 mmol of aldehyde, 1 mmol of 1,3-
dicarbonyl, 1 mmol of malononitrile, and 10 mg of Au/NiAlTi
LDH in 10 mL of ethanol was refluxed for a suitable time
period. The reaction progress was further monitored by TLC
with ethyl acetate/hexane as the eluent. On completion of the
reaction, the catalyst was filtered out and the pure product was
obtained by using the recrystallization method.
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6.1 Introduction

Due to the rising environmental cognizance across the globe, there has been an
ever-increasing demand for clean and sustainable technologies. With “green chem-
istry” coming into the limelight, this dream to move towards a cleaner and greener
world has been transformed into reality. Green chemistry works toward efficient
utilization of raw materials and eradicating waste at the very beginning rather than
employing end of the pipe solutions. It also primarily focusses on circumventing or
minimizing the utilization of hazardous chemicals as solvents and reagents to carry
out organic transformations [1]. Green chemistry opens up the doors to sustainabil-
ity by providing more credible solutions to the existing perilous chemical methodol-
ogies employed in the industries [2]. It provides cleaner avenues for designing new
products. In fact, it has earned its position as a dazzling star in the chemical indus-
tries by making a wide array of manufacturing processes economically viable.
Various operating costs are reduced tremendously by employment of greener and
sustainable methods. Treatment and disposal also become obsolete with minimal or
zero waste generation. Moreover, steering clear of using stoichiometric reagents
and other toxic solvents leads to massive cut in material and energy costs of the
manufacturing protocols [3]. Essence of green chemistry can be consolidated by a
cohesive set of 12 principles based on intelligently transforming the existing chemi-
cal processes into environmentally benign ones [4]. Catalysis is one such overarch-
ing principle encompassing the soul of green chemistry as it incorporates many
underlying factors—milder reaction conditions, lesser by-products generation, and
significantly lesser energy input.

In the past few decades, green chemistry and catalysis have become an unstoppa-
ble juggernaut. Catalysis lies at the heart of chemistry due to its outstanding ability
of altering the rate of chemical reactions. A catalyst has the magical ability to pro-
vide an alternate route to a reaction without getting spent itself. It can also change

Applications of Advanced Green Materials. DOI: https://doi.org/10.1016/B978-0-12-820484-9.00006-4
© 2021 Elsevier Ltd. All rights reserved. Page No. 252
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Chapter 21 ®)
Impact of Climate Change on Functional | gz
AM Fungi in Rhizosphere

Manoj Kumar Singh, Sumit Sahni, and Anita Narang

Abstract In the study of global changes and ecosystem impacts, it is very important
to consider mycorrhiza, because they hold a critical position at the plant-soil
interface. Human-induced environmental changes on earth depend on number of
factors such as increasing atmospheric CO,, nutrient enrichment by atmospheric
deposition (N,), altered precipitation and temperature. All these changes taking
place in present and will surely increase in the future can impact the association of
fungi with plant roots in a positive or negative direction. These factors are classi-
fied on the basis of their impact on colonization of mycorrhiza viz. factors affecting
arbuscular mycorrhiza (AM) fungi indirectly by altered allocation of carbon from the
host and factors that directly affect AM fungi i.e. altered precipitation, temperature
and nitrogen deposition. For the study of global climate change and its impact on
AM fungi, this distinction in responses to different factors is very important. These
global change factors always occur in association, since experimental examination
of a large number of scenarios would not be possible in-situ. Therefore for the study
of global changes on AM fungi, large spatial and temporal scale assessments have
been considered. The majority of experiments only permit to extract short-term
responses, though long-term responses are more appropriate. For example, CO,
springs, global distribution of plant communities and regional extinction because
of climate change. AM fungal community may also be impacted according to host
biodiversity at local scales. Further, changes in AM fungal community that are not
affected by the changes in plant community should be studied to find precise
response of mycorrhizas to global change.

Keywords AM fungal community - Elevated CO, - Elevated temperature
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Production of Liquid Biofuels from Lignocellulosic
Biomass
Manoj Kumar Singh, Sumit Sahni, and Anita Narang

Department of Botany, Acharya Narendra Dev College, University of Delhi, New Delhi, India

12.1 Introduction

In the past two decades, gradually exhausting fossil fuel reserves and increasing environ-
mental pollution due to excessive use of fossil energyforced many countries to put forward
the ‘energy strategy’ for their sustainable development: This strategy promotes the use of
renewable energy resources in place of fossil fuels (Han et al. 2019). According to the 2018
report of the US Energy Information Administration/(USEIA), fossil fuels contribute 80%
of the total energy consumed worldwide, and this share is going to reduce somewhat (70%)
by 2050 (International Energy Outlook 2019), which is clearly unsustainable. Therefore,
the production of renewable fuels is‘urgently required by using renewable resources to
replace these non-renewable conventional fuels. At the present time, the main sources of
renewable energy include solar energy, wind energy, biomass, hydrogen energy, geother-
mal energy and ocean energysAmong these renewable energy resources, biomass contrib-
utes 70%, the highest'of all the available renewable energies (Panwar et al. 2011; Jurasz
et al. 2020). The term biomass comprises any material coming from microbes, plants and
animals which/Can be used as an energy source. In the perspective of biomass energy, it is
generally called lignocellulosic biomass (LCB), which mainly consists of plant-based mate-
rials andplant dry'matter. LCB consists of three structural components i.e. cellulose, hemi-
cellulese and lignin with composition varying from 40 to 60, from 20 to 40 and from 10 to
25wt%, respectively. Cellulose, a linear carbohydrate polymer, consists of 100 to over 10000
of p=D-glucose units linked through glycosidic linkages. In contrast, hemicellulose is a
branched copolymer of pentose and hexose monomer units situated in a plant cell wall
along with lignin. Lignin is the most complex of all, is an amorphous polymer of phenolic
compounds and has high energy density than cellulose and hemicellulose. After
depolymerization of lignin, phenolic compounds such as phenol, guaiacol, syringol and
other derivatives were obtained (Saidur et al. 2011; Schutyser et al. 2015; Nanda et al. 2016).

Transformation of LCB into liquid fuels can be achieved through many routes such as
high-pressure liquefaction (Wang et al. 2008), fast pyrolysis (Wang et al. 2017), hydrolysis
and fermentation (Lu et al. 2010) etc. as shown in Figure 12.1. Fast pyrolysis generates

Energy: Crises, Challenges and Solutions, First Edition. Edited by Pardeep Singh, Suruchi Singh,
Gaurav Kumar, and Pooja Baweja.
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Sustainable Solution for Future Energy Challenges
Through Microbes

Sumit Sahni, Manoj Kumar Singh, and Anita Narang

Department of Botany, Acharya Narendra Dev College, University of Delhi, Kalkaji, New Delhi, India

13.1 Introduction

Unprecedented growth in population and increase in the socio-economic stature of the
middle class globally have created an incessant demand for energy. Today, most of the global
energy demand is catered by fossil fuels which have limited reserves on carth and are
rapidly depleting. Hence, these cannot sustain the burden of energy demands for more
than two or three decades. This led the United Nations to add energy generation and distri-
bution in its 17-point sustainable development goals (SDGs) in which it emphasized to
increase the share of renewable energy progressively. Biofuels are an important one among
the many available renewable energy sources which have the potential to satiate the ever-
increasing energy demand and prove as a sustainable source of energy. Anything which
can be used as fuel and has its origin from living organisms can be considered as biofuel.
Biofuels in the form of wood, wood chips, charcoal etc. have been in use since time imme-
morial but cannot take centre stage due to their own limitations. Alternative biofuels
include bioethanol, biodiesel, biogas, biohydrogen and bioelectricity which are more usage-
ready and can be gencrated from the biomass available. Based on the resources used to
produce them, biofuels have been classified into four generations i.e. first, second, third and
fourth. Each generation has its own merits and demerits. Some are well studied, and tech-
nologies have been developed to produce them efficiently but are competing with food
crops; others have no competition with food crops; however, the technologies involved in
their generation are in infancy and need lots of research for their commercialization. There
are some roadblocks which deter to prove them as sustainable energy sources which will
be overcome in coming years. The major organisms involved in biofuel generation are not
the higher organisms but microorganisms such as bacteria, fungi and algae which contrib-
ute at each step of biofuel production ranging from presenting themselves as biomass to
treatment of biomass or as producers of catalysing enzymes in myriads of biochemical
reactions involved.
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Facets of AM Fungi in Sequestering Soil
Carbon and Improving Soil Health

15

Richa Agnihotri, Sumit Sahni, Mahaveer P. Sharma, and M. M. Gupta

Abstract

Soils, particularly agricultural soils, are home to a plethora of microbial
communities capable of sequestering soil carbon. In this framework, arbuscular
mycorrhizal fungi (AMF) play a pivotal role. This universal group of fungi form
an obligate symbiotic relationship with the roots of higher plants leading to
improved nutrient uptake and abiotic and biotic stress resistance. In addition,
these fungi secrete a group of glycoproteins called glomalin or glomalin-related
soil protein (GRSP) that sustain soil health, cement soil aggregates, and sequester
soil C in a stable form. AMF symbiosis and GRSP production are however
influenced by numerous aspects, including crop and soil management practices.
Besides plant and soil type, soil management practices also influence AMF
diversity and abundance. The soil carbon sequestration via AMF and GRSP is
achievable if AMF supporting agricultural practices are employed. This chapter
summarizes the cumulative role of AMF and GRSP in forming and stabilizing
soil aggregates for long-term C storage, the influence of AMF-mediated agricul-
tural practices to sequester soil carbon and improve soil quality traits.
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