Dr. Somnath Das, an assistant professor at CDOE, The University of Burdwan, boasts a
prolific publication record, with over 20 volumes showcased on both national and
international stages. Delving deeper, Dr. Das has contributed over 80 research papers, book
chapters and articles across a spectrum of journals. Unconfined by borders, he has
participated in various seminars, conferences, symposiums, workshops and presented paper
in most of them. Dr. Das's academic pursuits know no bounds, reflecting his insatiable
curiosity and passion for diverse subjects.

Dr. Latoya Appleton, DHSc, MHSc, LDO is an Assistant Professor of Healthcare and
Program Coordinator at Florida Memorial University, Miami Gardens, FL, USA. Dr.
Appleton has over 10 years of experience in developing courses, teaching, and researching
in health science, especially on global health, and maternal and infant wellness. Dr.
Appleton is also an author and a public speaker, who has published and presented on
countless topics related to health and wellness, uniquely in Sub-Saharan Africa. Dr.
Applenton’s objective is to advance the health outcomes, and quality of life of women and
children around the globe, through education and research.

Dr. Jayanta K. Das, Assistant Professor of Biology, Department of Health and Natural Sciences,
Florida Memorial University, teaching and mentoring students in General Biology, Human
Anatomy and Physiology, Microbiology, Radiochemistry, Radiobiology, Physical Chemistry,
Critical Thinking in Natural Sciences, Cancer Stem Cells, Organoids, and epigenetic
reprogramming., Dr. Das’s research enlightened on molecular signaling pathways of cancer
stem cells, anti-cancerous drug development, signaling pathway detection for cancer treatment
apoptosis, antioxidant, and free radical research.. Dr. Das’s publications are available:
https://scholar.google.com/citations?usehttps://www.ncbi.nlm.nih.gov/sites/myncbi/1Req8MH
sytJQN/bibliography/44 147423 /public/?sort=date&direction=ascending

Prof. Madhumita Das completed her Bachelor of Science with Honors and Master of
Science degree from the University of Kalyani, India in Zoology. Prof. Das started her
teaching job at Miami Dade College in 2019 at Hialeah, Pardon, and Wolfson campuses as
well as Palm Beach State College, FL, USA. She mentored several undergraduate students
in basic cancer research and toxicology, and she published the research work with her
students and Collaborators from the USA.

ISBN: 978-81-969828-6-7

% 1589.00
$ 19.00

9" 788196 " 982867

2Inin,J oY) I0J syoadsoig

pue MIIAIOA(Q UE

o
=
—
o
«
[
=
o
2
8
=4
o
[
2
=
2,
=l
2.
-
o
o
[
7

90UQI0g JIseq Sk 9JI']

‘uojorddy eAoje] “i(q ‘se( yreuwos I

N

[Lite as Basic Science

an overview and prospects for the future

VOL. 2




Life as Basic Science: An Overview and Prospects for the
Future
[Volume: 2]

International Academic Publishing House (IAPH)






Life as Basic Science: An Overview and Prospects for the
Future
[Volume: 2]

Edited by:
Dr. Somnath Das, Dr. Latoya Appleton, Dr. Jayanta Kumar Das and
Madhumita Das

——
| —



Life as Basic Science: An Overview and Prospects for the Future [Volume: 2]
Editors: Dr. Somnath Das, Dr. Latoya Appleton, Dr. Jayanta Kumar Das and Madhumita Das

First published: 30" June, 2024
ISBN: 978-81-969828-6-7
Price: Rs. 1589/-

Published by:
Manoranjan Madhu
International Academic Publishing House (IAPH)

Address:
Head Office: National Branch Office: International Branch Office:
Village & Post. Thakurnagar,  Sri Manoranjan Madhu 91 Victoria Road, Swindon
P.S. Gaighata Sarada Sarani, Nibedita Park, SN13BD, ENGLAND
Dist. North 24 Parganas Post Office: Hridaypur, E-mail: publisher@iaph.co.in
West Bengal 743287 Dist- North 24 Parganas,
India Kolkata, Pin — 700127,
E-mail: West Bengal, India
iaphjournal@gmail.com E-mail: iaphjournal@gmail.com

All rights reserved. Without the author's prior written consent, no portion of this book may be
duplicated, distributed in any way, stored in a database, or used in a retrieval system.

Copyright:
Dr. Somnath Das, Dr. Latoya Appleton, Dr. Jayanta Kumar Das and Madhumita Das

This publication's target is to provide business owners with reliable, factual information. Any choices
you make or actions you take as a result of reading this book must be based on your own commercial
judgement and are solely at your own risk. This is the explicit understanding under which it is sold. The
consequences of any actions or decisions made in reliance on the advice offered or recommendations
made are not the responsibility of the publisher.

Type setting and printed by:
International Academic Publishing House (IAPH), Kolkata, India

——



Acknowledgement

This book is focused on the different fields of scientific research that incorporate
multidisciplines namely, aquaculture, fish biology, fisheries, microbiology, education, artificial
Intelligence, physiology, cancer biology, and human health and their relationship, as well as
implicate laboratory research experiments on life as science. It is aimed to help researchers,
educationists, aquaculturists, and other professionals to explore extensively in mentioned fields
of research encompassing life science. Therefore, in this book, authors of different chapters wrote
and explored with scientific evidence, but life in different fields that emphasize multidisciplinary
biological processes. This book includes eighteen different chapters written by multi-divergent

fields of researchers who brought their benchside and laboratory research to you.

Finally, in an assumption of this type, it is inevitable that undetected errors creep in and remain
despite the best efforts of authors and editors. Readers are persuaded to report any mishaps which
will be taken seriously into consideration for future updates. We hope that this book assists each

reader to understand and apply the basic principles of life to their situation.

Dr. Somnath Das,

Dr. Latoya Appleton,

Dr. Jayanta Kumar Das and
Madhumita Das







PREFACE

This book, ‘Life as Basic Science: An Overview and Prospect for the Future, volume 2’
offers a comprehensive and accessible resource for the relationship between our life and the quest
for the basic science that goes on a futuristic approach to prospects and possibilities of a different
angle to our progressive life and health. Humans always endure and overcome the barriers of life
to move with the advancement of biology. In the global arena, life, the connection between
science and technology with different paradigms has become the honor-most prior opportunity
for all of us. In the annals of humans, in his/her history, the protection of life stands as enduring
aspirations that transcend biological boundaries. As societies handle the implications of
globalization, technical advancements, and geographical shifts, the imperative to uphold the
human body goes to right principles become ever more urgent their things. We intend to provide
essential information to practitioners, educators, students and researchers who are involved in
developing a suitable future for our planet. The contents of this book are the result of collaborative
efforts, bringing together the expertise and dedication of contributors who are committed to
disseminating their knowledge in this ‘Invision’ area of life. In the pages that follow in the book
‘Life as Basic Science: An Overview and Prospect for the Future, Volume 2’ we embark on
a journey to explore the myriad facets of the protection and promotion of sustainability of human
life on our planet. Drawing upon insights from several indigenous concepts, we pursue to deepen
our understanding of the complexities inherent in those noble endeavor. Through critical analysis,
empirical inquiry, and research work, we endeavor to illuminate pathways towards a more just,
inclusive and right-respecting future world.

Dr. Somnath Das,
Dr. Latoya Appleton,
Dr. Jayanta Kumar Das and

Madhumita Das
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The Dual Nature of Wildlife of Indian Sundarbans: Cooperation and Conflict
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Nithar Ranjan Madhu’ & Sudipta Kumar Ghorai®*
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Abstract:

The Sundarbans act as home to diverse groups of wildlife and provide livelihoods for millions of people
present in Sundarbans. The wildlife and human populations are closely associated with each other in this
vulnerable ecosystem that is marked by complexecological interactions with dependencies and conflicts. This
article provides a brief overview of the dependencies of the local people of Sundarbans and the conflicts
associated with it. Local people are involved in various types of activities like fishing, crab collection, honey
collection, firewood collection, etc. Human activities are the major causes of the conflicts with wildlife in this
area. The major focus of conflict is the Royal Bengal Tiger and crocodile being a potential threat to human life.
The dependencies and conflicts between humans and wildlife need a balanced approach to conservation and
development.
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The Dual Nature of Wildlife of Indian Sundarbans: Cooperation and Conflict

Introduction:
A delta formed by the Ganges, Brahmaputra, and Meghna rivers in the Bay of Bengal forms

the Sundarbans. It has a vast area of forest and saltwater swamp forming the largest delta in the
world and includes wide mangrove forest spread over 10200 km?. Sundarbans contains a total of
102 islands; among those, 54 islands are inhabited by humans (Dey, 2019). The largest
contiguous mangrove forest in the world comes under two adjacent countries, India and
Bangladesh. The Sundarban mangrove wetlands have been disappearing since 1770. Near about
5364 km? area of tidal forestwas converted into agricultural land that comes under 19 police
stations of North and South 24 Parganas of West Bengal. Now, the Sundarban wetland area
consists of about 4262 km?. According to the 2001 census, the reclaimed areas of Sundarbans
contain 3.76 million human populations with an average of 845 people per km? area. The local
people of Sundarbans lead their lives depending upon fishery, forestry, handcraft, etc (Das, 2017;
Chakraborty and Ghosh, 2019; Chakrabarti et al., 2024). Sundarbans are also known for their
rich biodiversity due to the presenceof a diverse array of flora and fauna. The presence of many
endemic species makes Sundarbans unique biogeographically. The diversity of mangrove plants
itself helps to keep the huge biodiversity of Sundarbans. The competition for resources like food,
water and space are the obvious reasons for the conflict. Humans are modifying nature depending
upon their never-ending needs. As a result, an increase in human population is invading,
modifying and destroying the natural habitats of native species. In Sundarbans, human-animal
conflict is so significant, especially human-tiger conflict (Das, 2017). People who live in
Sundarbans exclusively depend on the mangrove ecosystem of Sundarbans for their livelihood.
The people who are so close to the mangrove Forest face snake bites, tiger attacks, etc. The
residents of Sundarbans who are living at the forest boundary are affected by tiger straying.
Poachers take advantage ofthis presence of the human population to fulfil their unethical money-
making purposes (Sardar et al., 2016; Das, 2017). Humans depend on natural resources, and
that increases the exposure of wildlife towards anthropogenic practices, which can
be one of the main drivers for human-wildlife conflict.

Study site:

Sundarbans is present in between India and Bangladesh. The area occupies approximately
10000 sg. km. area, of which 62% is located in Bangladesh and the remaining 38% is located in
India. The forest covers 6,017 sg. km in the Khulna region of Bangladesh and an additional 4,267
sg. km in the North 24 Parganas district of West Bengal, India. The area is situated within the
latitudes of 21°30" N to 21°30’ N and thelongitudes of 89°00" E to 89°55" E. The UNESCO site
resides at the delta of three rivers, namely Ganga, Brahmaputra, and Meghna, along the Bay of
Bengal (Jamal et al., 2022). The Sundarban Biosphere Reserve (SBR) spans over an expanse of
9630 sg.km, with the uninhabited portion of the Indian Sundarbans accounting for 4263 sq.km.
Under the current administrative division, this area is further divided into the Sundarbans Tiger
Reserve (STR) covering 2584.89 sg. km and the South 24 Parganas forest division encompassing
1678.11 sg. km (Chatterjee, 2023). Sundarban Biosphere Reserve spreads over 963000 ha area
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that is further divided into three zones such as Core area, Buffer zone and Transition zone. Out
of 963000 ha area Core zone takes about 169200 ha, Buffer zone takes about 223300 ha and
Transition zone takes about 570500 ha area. The Indian Sundarban is surrounded by river
Muriganga on west and on the east, it is surrounded by Harinbhahga and Raimangal rivers. Other
well-known rivers are Saptamukhi, Thakuran, Matla and Goasaba, flowing through this
exceptional ecosystem (UNESCO, 2018).
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ZONATION OF SBR IN INDIA
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Result and Discussion:

Flora and fauna of Sundarbans:

The Sundarbans are famous for their rich biodiversity, boasting a remarkable variety of flora
and fauna. The ecosystem is a treasure trove of biological diversity, from dense mangrove forests
to endangered Bengal tigers. Sundarban is the largest delta that contains funnel-shaped estuaries
that have tidal domination and form mess-like structures by the intervention of rivers, channels,
and creeks (Biswas et al., 2023). The transitional habitat in Sundarbans provides a suitable
environment for the mangroves to grow prominently. More than 300 species of plants have been
found in Sundarbans. Out of 300 species, only 28 species are true mangroves. The names of true
mangroves are listed below in Table number 1 (STR, 2021).

Table 1. list of true mangroves in Sundarbans(Source: Sundarban Tiger Reserve)

Common name Scientific name

Kalo Baine Avicennia alba
Peara Baine Avicennia marina
Jat Baine Avicennia officinalis
Genwa Excoecaria agallocha
Hental Phoenix paludosa
Garjan Rhizophora apiculata
Bhara Rhizophora mucronate
Sundari Heritiera fomes
Tora Aegialitis rotundifolia
Khalsi Aegiceras corniculatum
Hargoja Acanthus ilicifolius
Kankra Bruguiera gymnorrhiza
Bakul Kankra Bruguiera parviflora
Jat Garan Ceriops tagal
Jhamti/Jele Garan Ceriops decundra
Chak Keora Sonneratia caseolaris
Karanja Pongamia pinnata
Habli Thespesia popul
Manda Viscumori entale
Baro Manda Dendrophthoe falcate
Kripa Lumnitzera racemose
Gol Pata Nypa fruiticans
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Son Champa Bruguiera cylindrical
Pashur Xylocarpus mekongensis
Tak Keora Sonneratia apetala
Hoya Hoya parasitica
Goria Kandelia candel
Kalak Kambing Finlaysonia obovata

Mangrove ecosystem gives a suitable environment for a wide range of animal communities to
assemble. The mangrove forest of Sundarbans is home for many animals where they live, but
several other animals come here for foraging or breeding.In Sundarban Tiger Reserve a total of
1586 faunal species have been found, among them 15 species of mammals, 8 species of birds, 17
species of reptiles belong to Schedule I (rare) and Il (endangered) of the Wildlife Protection Act,
1972. Sundarbans is the only mangrove ecosystem in the world possessing tigers. There are
several other mammals found in Sundarbans that contribute to the rich biodiversity of
Sundarbans. Recent investigations have shown that more than 300 species of bird are present in
Sundarbans, including several migratory birds who visit the area especially in winter season.
Sundarbans is famously known as “Kingfisher’s Paradise” due to the presenceof 10 out of 12
species of kingfishers found in India. Several species of reptile, amphibian and fish are present
in this region. Most common macro invertebrates are also abundant in number in this area. Table
no.2 represents the faunal diversity in Sundarbans (STR, 2021).

Table 2. Faunal diversity of Sundarban (Source: Sundarban Tiger Reserve).

Tigers

Mammals Other mammals: Gangetic Dolphin, Irrawady Dolphin, Cheetal,
Rhesus macaque, Wild boar, Fishing cats, Leopard cats, Small Indian
civet,Common otter,

Black finless porpoise

Extinct species of Sundarban:
Javan Rhino, wild buffalo, barasingha, barkingdeer and leopards

The waders: Sandpipers, Spoonbills, Whimbrels,
Stilts, Thick knees, Curlew, Green shanks

Some important raptors: White-bellied sea eagle, Osprey,
Brahminy kite, Shikra, Crestedserpent eagle, oriental honey buzzard
(occasionally), short-toed eagle

Herons: Pond herons, Grey heron, Purple heron, Night-heron
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Reptiles

Amphibians

Fish

Invertebrates

Other common birds: Cormorants (little and intermediate), Indian
shag, Yellow-footed green pigeons, Seagulls, Egrets, Sunbirds,
Cuckoos, varieties of ducks, Geese and Storks (especially

the Lesser Adjutant stork)

Rare: The Goliath heron, Buffy Fish Owl

Saltwater Crocodile, Water monitor lizard
(Varanus sp.)

Snakes: King cobra, Common cobra, Russell’s
iper, Common Krait, Rat snake, Chequered keelback, Green whip
snake

Turtles:

Water turtles -Indian soft-shelled turtle, SpottedPond turtle, Flapshell
turtle

Sea turtles - Olive ridley, Green sea and

Hawksbill turtle

Endemic: River terrapin (Batugar baska)

The amphibious mud skipper, Peripthalmus, Boleopthalmus, various
frogs

Shark and Rays: Ganges shark, white spotted shovel-nosed
guitarfish, Pondicherry shark, Indian dog shark, Bull shark, Hammer
headed shark, Black tip shark, Pale edged sting ray, Black

edged sting ray

Edible fishes: Hilsa, Bhetki, Pomphret, Parshey,
Gurjali, Amude, Ram fita, Churifita, Topshey

Crabs and shellfish: Tiger prawns, Hermit crabs(Clibnarius spp.),
Fiddler crabs (Uca spp.), Red
ghost crabs (Ocypod sp.)

Trilobites: Horseshoe crab (endangered)
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Source of livelihood

Agriculture ™ Fishing M Honey collection ™ Crab collection ™ Shop ™ Tourism

Figure 4. A major source of livelihood for the local people of Sundarbans.

People dependencies:

Human survival and economic wellbeing solely depend on biodiversity. After 1970, people of
Sundarbans migrated towards safer islands like Ghoramara due to submerging of farmlands of
surrounding Islands. After 2015 people started to move to Sagar Island when Ghoramara started
to disappear due to the rise of water level. The people of Sundarbans have been constantly
facing catastrophic cyclonic events throughout the year for many decades. These catastrophic
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events adversely affect the livelihood of local peoples of Sundarbans. Most of the local people
of Sundarbans come under Below Poverty Line (BPL) having acute poverty, illiteracy, poor
health, unemployment in that region. So they have to depend on the natural resources of
Sundarbans for their survival. They enter into the forest for honey collection, wood cutting,
fishing and other activities and ultimately get involved in conflict with wildlife (Jamal et al.,
2022).

Tourism

Every year, thousands of tourists come to visit Sundarbans from different parts of the world.
Tourism is one of the major sources of income for local people and there are several small
handmade indigenous product-based businesses have been developed during last few decades.
There are so many unique attractive things present in Sundarbans that encourage eco-tourism and
give more power to local small businesses, especially to local women, to get involved in tourism-
based businesses. The main attractions for the tourists are wildlife especially Royal Bengal Tiger,
bird watching, dense mangrove forest, village life, local food and many other things. The tribal
cultures of Sundarbans attract the attention of tourists and it is one of the major sources of income
for the tribal people of Sundarbans. Tourists from West Bengal, outside of West Bengal and
abroad visit here and generate massive employment for the local people of Sundarbans (Jamal et
al., 2022).

Foreign

West Bengal
M outside of WB

Figure 5. Tourists visit for different tourist attractions in Sundarbans.
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Honey collection:

The rich mangrove diversity provides a suitable habitat for the formation of Bee hives. The
major Non-Timber Forest Produce (NTFP) includes prawn collection, fish collection, firewood
collection, crab collection, wild honey collection, and bee wax collection, which are the major
sources of livelihood for forest-dependent populations in Sundarbans. Honey collection is one of
the risky and profitable livelihoods for the local people. Apis dorsata is commonly known as
chak moumachi in Sundarban makes beehives in mangrove forests and produces pure wild honey
which has huge demand in the market. The honey and wax from these bee hives have so much
economic importance as they are quite expensive. But honey collection in Sundarbans is a life-
challenging occupation and uncertain business due to the attacks of tigers, snakes and several
other factors (Table 3). Honey collection is traditionally practiced in Sundarbans as it requires so
much experience (Bhattacharyya & Mitra, 2018).

Table 3. Cost of honey collection in Sundarbans (2012-2022) (Source: Prepared by the author,
Sundarban Tiger Reserve).

Sl. Year Target Achievement Collection Incidental Total cost  + Wastage
\[o} inKg. inKg. costper costper iNRs. 1%
Kg. Kg.
1. |2012-| 25,000 24,750 50 13 15,59,250
13
2. |2013-| 20,000 20,950 75 15 18,85,500
14
3. |2014-| 60,000 47,412 100 15 54,52,380 54,524
15
4. |2015-| 75,000 33,515 110 15 41,89,375 41,894
16
5. |2016-| 20,000 19,050 115 15 24,76,500
17
6. |2017-| 15,000 15,000 115 15 19,50,000
18
7. |2018-| 15,000 15,000 125 15 21,00,000
19
8. [2019-| 18,000 17,800 135 15 26,70,000
20
9. |2020- 389 150 15 64,185
21
10. (2021 -| 30,000 3649.7 160 17 6,45,997.00
22
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Figure 6. Honey Collection in Sundarbans (Picture courtesy: Sundarban Tiger Reserve).

Fishing

Fishing is one of the major sources of income for the local people of Sundarbans. They used
to catch fish from November to January but some other fishing activities also have seen during
March to June. More the 80% of the tiger victims belongs to fisherman community that includes
tiger prawn collector and crab collector (Das, 2017).

Fisherman generally go out fishing for several days and carry their essential accommodations
like food and water. They find a suitable place to halt and make temporary base camps, which
are locally known as “Tong”. They set up the fishing netfor optimal fishing and stayed there for
a few days. Although fishing is a life-threatening job in Sundarbans as crocodile and tiger attacks
are amajor concern in those remote areas. The local people not only catch fish for their livelihood
but also for their own consumption to fulfill their essential nutritional demands (Jamal et al.,
2022).

After cyclonic storms, the saline water invaded the farmlands and made agricultural fields
unfertile to produce crops. So, the local people have no option left for their survival other than
fishing and collecting Non-Timber Forest Produce. They involve their family members in this
fishing activity, and they use smallboats for daily fishing activities. Creeks of the Sundarban
Delta are foraged by fishermen for sustainable fishing that helps to balance the stability of the
ecosystem and maintain the biodiversity of Sundarbans.

Joint Forest Management

Joint Forest Management (JFM) is an initiative toward sustainable development and
biodiversity conservation, started under National Forest Policy in 1988 where state forest
departments support local people to protect and manage forest resources. Local communities earn
money from forest resources and share the benefits with them. JFM has potential outcomes
towards eco-friendly sustainable development where a potential source of livelihood is provided
by forest resources such as Non-Timber Forest Produce (NTFP), fuel wood, fodder and other
economically important products from the forest. These forest products are sold by local
communities, generating livelihood and prevent the degradation of forest that provide local,
national and International environmental benefits.
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Figure 7. Fishing activities including crab collection and prawn seed collection (Source:
Sundarban Tiger Reserve).

A total of 26 JFMC are active in various locations of Sundarbans. Both male and female
participants have taken part in this initiative. The following resources of Sundarbans are collected
and maintained in buffer zone of STR sustainably and utilized to generate livelihood for JFMC
beneficiaries (Robbins, 2014).

1. Honey collection by local people with the permission of the forest department.

2. Fishing — BLC, forest department gives permission to the fisherman.

3. Prawn and crab collection.

4. Eco-development activities such as fisheries, crab fattening, prawn cultivation,etc.

5. Infrastructure facilities like building community centres, brick-selling pathways,
jetties, embankment maintenance, etc.

6. Water treatment plants — installation and supply of water treatment plants.

7. Livelihood support activities like goat rearing, duckery and conduction ofveterinary

camps in various areas of Sundarbans by forest department.
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Figure 8. Status of Joint Forest Management (JFM) in Sundarbans (Source: Sundarban Tiger
Reserve).

Share money from JFM is distributed between the government and local people. This share
money from JFM attracts more people to come and join in this holistic sustainable development.
More than 40% of the share money comes from the eco-tourism, and this helps to generate
livelihood in the local community. Due to the generation of alternative livelihood in Sundarbans,
fewer people enter the forest and tiger attacks will be reduced. The share money from JFM is
distributed among JFMC beneficiaries, and from 2012 to 2019, an increase in share money
distribution has been seen. But from 2019 to 2022, the trend has been falling. Last year (2022),
a sharp fall in share money from 120.4 lac to 89.04 lac was seen, and this indication poses a
significant threat to local people as well as the forest department. We can assume that this
decreasing trend may be due to the negative impact of the pandemic caused by COVID-19.

Mangroves play a crucial role in ecosystem by helping in carbon sequestration, giving shelter
to coastal areas from devastating cyclones, maintaining the rich biodiversity and acting as a
source of livelihood for local people of Sundarbans. Mangroves and wetlands are sharply
decreasing throughout the world due to anthropogenic activities and sea level rise. The world’s
largest single block of mangrove forest is rapidly declining at an alarming rate due to
overexploitation of natural resources, changes in land use patterns and agricultural practices.
Studies have shown that nearly 76% areaof mangrove species named Heritiera fomes has
declined between 1959 to 2005 in Sundarbans. Other abundant species of mangrove such
as Ceriopsdecandra, Excoecaria agallocha and Xylocarpus mekongensis have been declining
dramatically (Sahana, 2023).

From 1982 to 2022, a significant change in vegetation cover outside the STR is evident, which
is shown in Fig.11. The change has been more prominent in the last decade.The probable
reason for this change is the implementation of JFM in Indian Part of Sundarban Biosphere
Reserve. Sustainable development with JFM is responsible for the rapid plantation of
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Figure 9. Demographic dividend of JFMC beneficiaries in different Ranges under STR (Source:
Sundarban Tiger Reserve).
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Figure 10. Share money distribution among JFMC from 2012 to 2022 (Source: Sundarban Tiger
Reserve).

trees, generating alternative sources of firewood. So, the wood cutting from core mangrove
forests is prohibited strictly, thus saving the mangrove ecosystem in Sundarban Biosphere
Reserve. The mangrove forest cover in the core area of SBR has been quite stable throughout the
last four decades. The major changes have been evident in human-inhabited areas.

Conflict with wildlife:
Conflicts are so obvious when the presence of a species in an area is a threat to human welfare.

Co-existence can be stable or unstable for two neighbouring species occupying the same niche.
The history of human-wildlife conflict started from the origin of humans when they had to depend
on the biodiversity around them for survival. These dependencies have increased with human
evolution. There are some conditions responsible for human-wildlife conflicts — (i) when human
activities have negative impacts on wildlife. (ii) When the activities of wildlife negatively affect
human welfare. (iii) When wildlife-friendly activities of some people are misinterpreted by some
other group of people, it creates controversy, and this will ultimately affect wildlife (Das, 2017).
Indian Sundarbans include protected ecological habitats and human habitation around them. So
human and wildlife are intensely connected with each other in Sundarbans. Due to the increasing
human population in Sundarbans, land use patterns have changed during the last few decades.
Mangrove vegetation has reduced during the last few decades.
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CHANGE IN VEGETATION COVER IN INDIAN PART OF
SUNDARBAN BIOSPHERE RESERVE DURING 1982-2022
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Figure 11. Change in vegetation cover in the Indian part of Sundarban Biosphere Reserve from
1982-2022.

Human-tiger conflict:

The human-tiger conflict in Sundarbans has increased with time due to human interference in
the tiger’s habitat. The only mangrove ecosystem in the world that has tigers is constantly facing
conflict between humans and tigers due to the increasing needs of the local people of Sundarbans.
The human-tiger conflict arises mainly because of the invasion of humans into the territory of
the tigers and the straying of the tigers into human habitation. The Royal Bengal Tiger is so
special for its unique adaptation to mangroves. This unique adaptation makes them different from
any other tiger population in the world. The tigers of Sundarbans generally rely on deer, wild
boars and monkeys. They also feed on fishes and crabs when food is scarce. They can cross the
river by swimming at a speed of 16km/hr, drinking saline water and climbing trees. Tigers cannot
be easily visible in Sundarbans, although pugmarks of tigers can befound everywhere. They can
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tolerate harsh environments with the fluctuation of a wide range of physicochemical parameters.
The tiger victim data shows four most vulnerable forest blocks. From 1985 to 2009 total 789
persons was attacked by tigers (Das, 2017). During 2012-2022 total 18 deaths have recorded
in different blocks of STR. Compensation has been provided by the government to the family of
tiger attack victims. During these years highest official number of deaths has seenin 2021 and
during 2015-2018 no death has officially recorded.

Four most vulnerable forest blocks of
tiger attack victims(1985-2009)

Arbesi
15%

Chandkhali ]
19%

Figure 12. During 24 years four most vulnerable forest blocks of tiger attack victims (1985-2009).
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Figure 13. No. of deaths by tiger attack during 2012 to 2022 (Source: Sundarban Tiger Reserve).
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Honey collectors, fishermen, and crab collectors who enter the deep forest mostly in the early
morning and afternoon create disturbance by making smoke or lighting fires for honey collection.
Tiger attacks are often seen when the intruding groups are not well connected. It is evident that
tiger attacks are mostly seen in groups of four or less than four people. During the span of 24
years (1985-2009), the most affected community by the tiger attacks was the fisherman
community. A total of 501 victims of fishermen, including 523 deaths and 78 injuries. The
fishermen enter into the small creeks to collect tiger prawns and fix fishing nets to get more
fishes. Sometimes they have toget down into water from their small boats to fix the fishing nets.
Tiger comes to the edges of creeks to drink water and to feed on crabs and fish. The high mortality
of fishermen during 24 year shows a direct conflict between tiger and fisherman. The second and
third most affected communities are crab collectors and honey collectors, respectively. A total of
128 victims of crab collectors, including 108 deaths and 20 injuries, and for honey collectors, the
total number of victims is 108, which includes 92 deaths and 16 injuries during 24 years. Honey
collection is more prone towards tiger attacks, although the number of victims is still less than
the other two professions due to the exposure time of honey collectors towards forests being only
two months in a year (Das, 2017). From 1999 to 2014, a total of 368 deaths and 63 injuries were
recorded by the death registry office of STR (Das, 2018).

Profession wise distributiion of
Tiger Attack victims (1999-2014)

Injury ¥ Death

Forest department staff

Woodcutter
Honey collector
10

Crab collector

Fisherman

Figure 14. Profession wise, tiger attack victims during 1999 to 2014.
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Figure 15. Increasing tiger population STR (2013-2022)(Source: Sundarban Tiger Reserve).

Figure 16. Tiger in Suﬁdarbans (Picture courtesy: Sundarban Tiger Reserve).

Tiger population estimation has been carried out by NTCA (National Tiger Conservation
Authority) and state forest department. All India Tiger Estimation (AITE) is conducted through
several new techniques. In 2018, phase IV AITE was conducted by smart techniques such as the
installation of the M-STrIPES application in Android devices for patrolling and protecting tiger
habitats and placing camera traps in various remote areas of STR for estimation of tiger
population. The phase IV AITE in2020-2021 shows that the numbers of endangered Royal
Bengal Tiger are increasing in STR. A total of 96 tigers were estimated in the 2020-21 survey
that includes 30 males and 52 females, and the sex of 14 tigers cannot be determined. 4 cubs
are also found in thissurvey but they are not included in total estimation according to the
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guideline of NTCA. The latest survey in 2021-22 shows an increasing rate of tiger population in

STR (STR, 2021).

Table 4. Human death by tiger attack in Sundarban Tiger Reserve during 2012 to 2022
(Source: Sundarban Tiger Reserve).

Date Range Zone Victim Age Gender  Compensation
of name (s)
attack
1. 20/04/2012 SWLS Inside Rabin Sardar 54 Male Rs. 1,00,000/-
years
2. 27/04/2012 Bashirhat Indise Krishnapada 39 Male Rs. 1,00,000/-
Mondal Years
3. 30/10/2013 SWLS Inside Sri Samidh Male Rs. 1,00,000/-
Mistry
4, 08/08/2014 SWLS Not Smt. Bhagabati 49 Female Rs. 2,50,000/-
Inside Mondal years
5. 21/08/2014 SWLS Not Sri Sekhar 28 Male
Inside Biswas years
6. 24/08/2014 SWLS Not Sri Sannashi 35 Male Rs. 2,50,000/-
Inside Mondal years
7. 31/01/2019 SWLS Not Sri Swapan 45 Male Rs. 4,00,000/-
Inside Raptan years
8. 08/12/2019 Bashirhat Not Prabhas Munda 28 Male Rs. 4,00,000/-
Inside years
9. 28/07/2020 SWLS Inside | Dharoni Mohan 57 Male Rs. 4,00,000/-
Mandal years
10. 04/09/2020 Bashirhat Inside Rejaul Gazi 32 Male Rs. 4,00,000/-
years
11. 06/09/2020 SWLS Inside Gopal Baidya 54 Male Rs. 4,00,000/-
years
12. 02/10/2020 SWLS Inside Dinabandhu 55 Male Rs. 4,00,000/-
Jodder years
13. 15/07/2021 SWLS Inside Dinabandhu 50 Male Rs. 5,00,000/-
Mondal years
14. 18/08/2021 BHT Inside Anna Das 42 Male Rs. 5,00,000/-
years
15. 04/09/2021 SWLS Inside Dwarik Mondal 63 Male Rs. 5,00,000/-
years
16. 04/10/2021 BHT Inside Salim Sana 28 Male Rs. 5,00,000/-
years
17. 05/10/2021 BHT Inside Asit Sarkar 56 Male Rs. 5,00,000/-
years
18. 01/02/2022 SWLS Inside Chitta Ranjan 55 Male Rs. 5,00,000/-
Sarkar years
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Figure 17. Residents of Tiger attack victims of different blocks (1999-2014) (Source: ArcGIS
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The villagers of Gosaba and Hingalganj regularly visit the most vulnerable forest blocks
except Chandkhali, those are known for tiger attacks. From the fringe villages of Gosaba and
Hingalganj, people enter into forest for their livelihood. For this reason, Gosaba and Hingalganj
are two major forest blocks from where the maximum number of people enter the forest and get
attacked by tigers. The tiger attacks are less in several forest blocks such as Gona, Bagmara,
Mayadwip, Gosaba and matla due to their location. Several areas of Canning I, Sandeshkhali-1
and 1, Namkhana, Kakdwip, etc., have been least affected by tiger attacks due to the less
involvement of the residents of these areas in forest-related activities. The residents of several
blocks such as Gosaba, Hingalganj, Basanti, Pathar Pratima and Kultali have been attacked by
tigers. From 1999-2014, 67.24% of tiger attack victims were residents of Gosaba, 17.12% of
Hingalganj, 10.34% of Basanti, 2.91% of Pathar Pratima, and 2.33% of Kultali. The vulnerable
forest blocks for tiger attacks are present adjacent to several fringe villages of Gosaba and
Hingalganj. Because of this the migration rate of these local people of fringe villages is higher
than any other block (Das, 2018).

Deaths of humans by tiger attacks from 2012 to 2022 have been recorded by the STR forest
department. Most of the attacks happened inside the Sundarbans Tiger Reserve, and some of the
tiger attacks happened outside of the STR. The genders of killed persons were mostly males and
females in this period. All the attacks were found to happen within three ranges such as SWLS,
Bashirhat, and BHT. Compensations have been provided by the government to the tiger attack
victims. During 2015-2018, no official death has been recorded due to tiger attacks.

Season wise tiger attacks during 1986-2008

Pre-monsoon ™ Monsoon M Post-monsoon

Figure 18. Season-wise tiger attacks from 1986 to 2008.

Tiger attacks on human have been happening throughout the year. Most of the attacks have
been found to be happening in pre-monsoon season. From 1985 to 2009 total of 789 attacks took
place, of which 20% happened in the month of April. Only 5.96% of attacks were recorded during
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the month of October, which shows the lowest frequency of tiger attacks. From 1986-to 2008,
out of a total of 789 tiger attacks, 157 tiger attacks happened in the month of April. If we divide
a year into three seasons such as pre-monsoon, monsoon and post-monsoon, then the tiger attacks
during 1986-2008 can be categorized into three parts. Most of the tiger attacks were found to
happen in pre-monsoon season, and the second most tiger attacks happened in the monsoon
season. But the second most tiger attacks have been seen in the month of January. 71 tiger attacks
were recorded in the month of January during 1986-2008 (Das, 2017). Pre-monsoon seasonis
more prone to tiger attack because local people enter the forest for their livelihood in this season.
During monsoon people cannot access the forest due to the condition of rivers and creeks in rainy
season.
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Figure 19. Distribution of tiger straying incidents in vulnerable rivers under different CD blocks.

Tigers need a large area for their straying and sometimes strayed tigers enter the human habitat
in Sundarbans. Human-tiger conflict is so evident when tigers e nter the human habitation or
vice-versa. Tigers of Sundarbans can cross rivers and creeks by swimming. When tigers are
turned into man-eater due to various reasons, the straying incidents increase frequently. During
1986-2009 the number of tiger straying incidents are 279 with an average straying incident 12
per year (Das, 2012). Several rivers and creeks are so vulnerable towards tiger straying such as
Raymangal, Rangabeliya, Gumdi, Pirkhali, Kurekhali or Sakunkhali, Korankhali, kapura, Mokri
and Thakuran. Among these rivers Raymangal has largest width of 800 meters and Kurekhali or
Sakunkhali has smallest width of 25 meters. Due to the smallest width of Kurekhali or
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Sakunkhali, 36.3% of all tiger staying incidents occurred through this river from 1986-to 2009.
The second most vulnerable river towards tiger staying was Pirkhali with 33.6% tiger staying
events in that time period. Pirkhali, Gumdi, Korankhali, Rangabeliya come under Gosaba,
raymangal, Kapura, Kurekhali or Sakunkhali come under Hingalganj and Kapura, Mokri come
under the Kltali CD block. The decreasing order of most vulnerable rivers containing CD blocks
is Gosaba,Hingalganj and Kultali (Das, 2017).

Tiger straying has no fixed temporal pattern rather it can be seen throughout the year. The
frequency of tiger straying incidents is higher in the winter season from December to February.
The highest number of tiger straying incidents took place in the month ofJanuary during 1986-
2008. Tiger straying least occurred in post-monsoon season. Out of 279 tiger straying incidents
36 occurred in the month of January and 4 occurred in the month of October during 1986-2008.
Winter season is the season for littering. So, the female tigers need shelter to protect their cubs
from males. Thus, the staying activity increases in the adjacent regions (Das, 2012). According
to the local people, during floods and cyclones in Sundarbans, sometimes dead bodies of humans
float into the river and settle down adjacent to the edges of creeks and rivers. During these
disastrous events, the scarcity of food insists the tigers come out of the forest, and the
consumption of human flesh turns them into man-eaters. (Jamal et al., 2022)

Month wise tiger straying incidents (1986-2008)

Tiger straying

Figure 20. Temporal distribution of tiger straying incidents in a year during 1986 to 2008.

Tiger straying is a threatening incident for local people. To protect humans from tiger attacks
several initiatives have been taken by the government. JFMC members and forest department
frontline workers together work hard to protect local people from tiger attacks. Nylon net fencing
is one of the initiatives taken by the forest department to reduce tiger straying in the fringe
villages of Sundarbans. JFMC members and forest department staff are regularly involved in
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patrolling activities to keep their eye onpoaching activities, tiger straying and the condition of
nylon net fencing. Regular maintenance of nylon net fencing has shown fruitful results for
preventing tigers from straying. A total of 108 km of nylon net fencing is taken care of by forest
department staff and JFMC members during the financial year of 2022-2-23. RCC and bamboo
postare used to erect the fencing at a height of 10-12 foot. The normal mesh size of “4x4” is used
to avoid any strangulation of wild animals like deer. The nylon net is made up of 4mm, 3 strand
IP-PARA yellow nylon rope. The nylon net fencing has proved tobe very effective in preventing
tigers from straying into fringe villages as well as preventing the entry of cattle from village to
forest. A total of 108 km of nylon net fencing has shown a co-relation between tiger staying and
nylon net fencing with a positive outcome.

Co-relation between Nylon Net Fencing and Tiger Straying in Sundarban Tiger Reserve
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Figure 21. Co-relation between Nylon net fencing and tiger straying in Sundarban tiger reserve.

Tiger poaching is a very well-known event in protected areas. In Sundarbans tiger poaching
has been happening for many years. Culprits take advantage of human-tiger conflict and enter
the forest illegally to poach the tigers. The actual number of poached tigers is unknown but
according to the official entry during 24 years (1986-2009) at least 92 tigers were poached in
Sundarbans. In 1995, according to official entry, the highest numbers of tigers were poached
during those 24 years. These tiger poaching events were officially recorded based upon the seized
tiger skin from Sundarbans. Poaching activities have been reduced with time due to the strict
government policies and Wildlife Protection Act. (Das, 2012).

When tigers enter into the fringe villages of Sundarbans, local people try to kill them to show
their frustration. Sometimes tigers are poisoned by the local people. During 1990 to 2001 ten
tigers are presumably killed by the local people. During this period forest officials found many
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tigers dead at different regions of Sundarbans. Out of ten tiger killing incidents eight happened
in Gosaba block and other two incidents happened in Hingalganj block and Kulatali block (Das,
2017). Local people attack stray tigers when they come out of the forest due to various reasons.
All the revenge killings happened due to the suffering of people by tiger straying. Tigers destroy
livestock of local people and attack humans when they turn into man-eater. The fear of survival
and the anger against the tiger make them aggressive towards tigers.
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Figure 23. Number of tigers poached during in Sundarbans 1986 to 2009.
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DISTRIBUTION OF TIGER KILLING INCIDENTS
(BY VILLAGERS) DURING 1990-2001
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Figure 24. Tigers Killed presumably by villagers during 1990-2001 (Source: ArcGIS 10.4.1).
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Males, who were killed by tiger attacks in Sundarbans, left their wives as widow. Those
women whose husbands died in tiger attack became tiger-widows. The life of tiger-widows
becomes so difficult due to the social rejections. The socio-cultural stigma of Sundarbans
obstructs them from marrying again. They are not allowed in social and religious events. On the
other hand, the economic crisis makes their life so difficult and unsecure. They have to face
mental and physical assaults from society (Debnath, 2020). This social condition of tiger widows
is one of the keyfactors for enhancing human-tiger conflict.

Local people who enter the forest with traditional experience have directly evident the tiger
attacks are called Target Group Respondents (TGR). There are eight attributes responsible for
tiger attacks described by these TGRs. The eight attributes are conflict time, position of tiger
attacks, nature of selection of prey, food habit of tiger, awareness of the forest intruders, selection
of intrusion area, coordination among fish and crab collection team members and cultural
understanding of intruders. According to the TGR the time of conflict is early morning or
afternoon. Tigers preferably attack on the right side of the body. Most tigers prefer human flesh
than any other food. There is a lack of awareness when native people enter the forest for their
livelihood. During the process of boat licensing, there is no awareness program for survival in
the forest. Fisherman prefer core zone for more collection of fish and crabs. As we know the core
area is more prone to tiger attacks (Chatterjee, 2023). People solely depend on the local
biodiversity such as they buildtheir house with Nypa leaves. The collection of Nypa leave is a
risky task because to collect the leaves people have to enter into the forest. The way humans
utilise the tiger’s habitat is one of the primary responsible factors for tiger attacks.

Human-snake conflict:

Total 200 types of snake species belong to 11 families distributed throughout all over India.
Among these only 52 species are venomous in nature. In Sundarbans several venomous species
of snakes present that includes Indian Cobra, king Cobra, Indian Kraits, Banded kraits and
Russell’s viper. There are 17 common species of non- poisonous snakes present in Sundarbans
that includes blind snake, beaked blind snake.Common wolf snake, green whip snake, rat snake,
chequered keelback, striped keelback, Olive keelback, trinket snake, painted brown snake, Indian
bronze back and dog faced water snake. The terrestrial, intertidal and aquatic environment
provide ideal habitat for the snakes to live in Sundarbans. In Sundarbans, snake density is
comparatively higher in southern part of the Sundarbans. Depending upon the frequency of
sighting of poisonous snakes in Sundarbans a ranking can be made such as Common Krait,
Common Cobra, Banded krait, Russell’s viper and King Cobra. Most of the deaths occurred in
four blocks of Sundarbans such as Basanti, Canning I, Canning Il and Gosaba due to fatal snake
bites. During 1993-2005, a total of 527 deaths were recorded due to snake bites in these four
blocks. In this time period out of 527 deaths 195 deaths in Gosaba, 146 deaths in Basanti, 101
deaths in Canning | and 85 deaths in Canning Il were recorded. According to the vulnerability of
snake bites in various blocks of Sundarban during 1993-2005, the most vulnerable block was
Namkhana, with 272 deaths officially recorded, and the two second most vulnerable blocks were
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Sandeshkkhali I and 1, with recorded numbers of deaths were 188 and 189 respectively. Least
vulnerable block was Minakhan with recorded number of deaths were 34. Total 2441 snake bites
were recorded in 19 vulnerable blocks of Sundarbans during 1993 to 2005 (Das, 2017).

BLOCK WISE DISTRIBUTION OF MORTALITY
FROM SNAKE BITES (1993-2005)
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Figure 25. Block wise fatal snake bites during 1995-2005 (Source: ArcGIS 10.4.1).
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BLOCK WISE DISTRIBUTION OF
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Figure 26. Block wise vulnerable snake bites in Sundarbans during 1993-2005 (Source: ArcGIS
10.4.1)




The Dual Nature of Wildlife of Indian Sundarbans: Cooperation and Conflict

Figure 27. Crocodile in Sundarban (Source: Sundarban Tiger Reserve)

BLOCK WISE DISTRIBUTION OF CROCODILE VICTIMS (1997-2008)
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Figure 28. Block wise crocodile attack victims in Sundarbans during 1997 to 2008 (Source:

ArcGIS 10.4.1)
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Human- crocodile conflict:
Salt-water crocodiles are one of the apex predators found in Sundarbans. They inhabitcoastal

brackish near mangrove forests and can be seen while basking in the Sun over the mudflats.
Saltwater crocodiles mate in the rainy season while the water level is highest in a particular time
of a year. They show the courtship for mating during the month of September to October. During
2020-2021 the estimated numbers of saltwater crocodiles were 144 (Government of West Bengal,
2020). In Sundarbans, Crocodile victims can be two types such as the first category is
fisherman and second one istiger prawn seed collector. In remote areas of Sundarbans, local
people collect the spawn of shrimp using nylon net due to the lack of employment. During 1997
to 2008 a total of 103 people were attacked by saltwater crocodile. Most of the crocodile attack
victims are prawn seed collector belongs to the age group of 11 to 50. Females are more affected
than males against crocodile attacks. Total 103 incidents of crocodile attack happened in
Sundarbans during 1997 to 2008, out of which 35 incidentshappened in Gosaba, 19 in Namkhana,
26 in Pathar Pratima and 15 in Kultali. In Gosaba 28 deaths were recorded from 35 attack
incidents. In namkhana, PatharPratima and kultali 10, 14 and 7 deaths were recorded respectively
during 1997 to 2008 (Das, 2017).

Conclusion:
A complex web of dependencies and conflicts in Sundarbans highlights an obligatory

relationship between humans and the natural environment. The unique ecosystem of Sundarbans,
having dense mangrove forests, diverse wildlife, and proximity to the Bay of Bengal, has
structured the life and livelihood of the local people. The fishing industry of Sundarbans is
sustained depending upon the rivers and creeks as well as the rich biodiversity of Sundarbans.
The mangroves also act as a protective barrier against cyclonic storms and prevent the
submergence of land area under the water. However, the Sundarbans are facing various external
challenges that acceleratethe existing dependencies and conflicts. Climate change is one of the
responsible factors that threaten the existence of the Sundarban ecosystem. Changes in
environmental parameters lead to an increase in various natural disasters that destabilize the lives
of local people. A sustainable holistic approach is required to address these dependencies and
conflicts. Some initiatives have already been taken but more efforts should be made to address
these crucial issues. As humans learn to appreciate the importance of the relationship between
them and nature, it is possible to conserve human as well as ecosystem resources in a balanced
way. The harmonious co-existence of humans and wildlife is essential to safeguard the livelihood
of local communities and to give an eco-friendly environment to future generations.
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Abstract:

Anacardium occidentale, commonly known as the cashew tree, is native to Brazil but is now grown globally.
Cashew nuts, harvested from these trees, are in high demand, leading India to import them from African countries.
In a study comparing indigenous and imported cashew nuts, three nutritional parameters were examined: acid
value, saponification value, and iodine value. The findings revealed that the acid values for indigenous and
imported cashew nuts were 0.48 mg KOH/g and 0.45 mg KOH/g, respectively. The saponification values were
156 mg KOH/g for indigenous nuts and 148 mg KOH/g for imported ones. The iodine values were 48 mg KOH/g
for indigenous and 51 mg KOH/g for imported nuts. These results indicate that the nutritional parameters are
quite similar between the two types of cashew nuts. Despite popular belief that indigenous cashews have superior
nutritional quality compared to imported ones, the study found no significant nutritional difference. The
distinction lies in taste, attributed to natural sugar content, which was not analyzed in this study. Both types of
cashew nut oil are nutritionally superior to many other edible oils available in the market, making cashew nut oil
a viable alternative oil source.

Introduction:

Cashew nuts are harvested from the Anacardium occidentale tree, a species originally from
Brazil but now cultivated around the world (Assuncéo et al., 2003). Renowned for their nutritious
and delicious qualities, cashew nuts are unique because they grow outside the fruit, attached to a
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Determination of Nutritional Quality Between Indigenous and Imported Cashew Nuts

cashew apple, which itself is used to produce various beverages. Rich in nutrients, cashew nuts
offer numerous health benefits (Mandal, 2016, 2019, 2020). Although India is a significant
producer of cashew nuts, the high demand necessitates imports from countries like Ghana,
Tanzania, Nigeria, and others. The comparison of the nutritional quality of imported and
indigenous cashew nuts was done by extracting oil from cashew seeds. The composition of edible
oils was assessed through various physical and chemical properties (Ceriani et al., 2008). Several
key parameters such as acid value, saponification number, and iodine value were evaluated which
helped to determine oil quality.

The acid value measures the free fatty acids and glycerol produced when triglycerides break
down, with a high acid value indicating old or rancid oil, which can be harmful to health (Borkar
et al., 2015). A higher saponification value suggests shorter fatty acid chain lengths and lower
molecular weights. The iodine value measures the degree of unsaturation in oil or fat (Ekwu et
al., 2004). Analyzing these nutritional parameters allows us to identify the differences in

nutritional quality between indigenous and imported cashew nuts.

Figure 1. Cashew tree (Anacardium occidentale) (Picture courtesy: A. Naturepl.com B.
ScienceDirect).

Figure 2. (A) Indian variant of cashew nuts (2B) and African variant of cashew nuts.
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Materials and Methods
Seed collection

Two different varieties of cashew nuts (Anacardium occidentale), specifically the African and
Indian variants, were obtained from a nearby local cashew processing store in Purba Medinipur,
West Bengal (21°78' 13"N, 87°65'97"E). The seeds were cleaned to remove impurities and then
air-dried.

Oil Extraction

Extraction was done following several steps using Soxhlet extraction method (Tyman et al.,
1989). The dried seeds were ground using a grinder, and the resulting crushed seeds were placed
into filter paper bags. These bags were then inserted into a Soxhlet extractor. A round bottom
flask was filled with 100 ml of petroleum ether, the chosen solvent. The Soxhlet extractor was
connected to a distillation apparatus, and the distillation process was initiated to extract the
desired sample. Once the process was completed, the round bottom flask was transferred to a
rotavapor to evaporate the solvent from the sample. The extracted oil, obtained after solvent
removal, was then used for further analytical procedures.

a ! ; b

¥ : .e"
Figure 3. Extraction of oil using Soxhlet apparatus.

The analytical method
Acid value

The acid value can be determined through a series of steps and calculations (Liu et al., 2019).
A 1.0 g sample of oil was accurately weighed and dissolved in 50 ml of neutralized alcohol. To
this solution, 2 to 3 drops of phenolphthalein indicator were added. The mixture was then titrated
with a 0.1N potassium hydroxide (KOH) solution until a pale pink color persisted, indicating the
endpoint of the titration. This color change signifies that the free fatty acids in the oil sample
have been neutralized by the KOH solution. The acid value, which reflects the free fatty acid
content of the oil and is an important parameter for assessing oil quality, was then calculated
using the following formula:
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Acid value = (V x 0.00561 x 1000)/weight of sample
V =Volume of 0.1N KOH consumed by oil.

Saponification Value

The saponification value can be determined through several key steps and calculations (Eddy
et al., 2011). To prepare the N/2 alcoholic KOH solution, 7.0 g of potassium hydroxide (KOH)
was dissolved in 20 ml of distilled water and then mixed with 230 ml of 95% ethanol. This
mixture was allowed to sit for 24 hours before being filtered. The alcoholic KOH solution was
then standardized using an N/2 oxalic acid solution.

For the analysis, a 1 g sample of oil was weighed and placed into a 250 ml flat-bottom flask.
To this, 25 ml of the N/2 alcoholic KOH solution was added. The mixture was heated for 30-40
minutes to ensure complete dissolution of the oil sample. After heating, the solution was allowed
to cool to room temperature. Subsequently, two drops of phenolphthalein indicator were added,
and the mixture was titrated with hydrochloric acid (HCI) solution until the pink color
disappeared. This endpoint signifies the neutralization of the KOH by the HCI. A blank
determination, conducted under the same conditions, was also performed to ensure accuracy and
reliability of the results. This analytical method is essential for determining the saponification
value of the oil, which provides information about the average molecular weight of the fatty acids
present in the sample.

Saponification number = (B - T) x N x 56.1/W

B= ml of HCI required by blank

T= ml of HCI required by sample

N = Normality of HCI
W= Weight of oil in gm

lodine Value

The iodine value of the oil sample was determined using the Wijs Method (Noor et al., 2015).
To prepare the Wijs solution, 16.2 g of iodine monochloride (ICI) was dissolved in glacial acetic
acid in a 1-liter volumetric flask. For the analysis, a 1 g sample of oil was dissolved in 15 ml of
carbon tetrachloride. Then, 25 ml of the Wijs solution, 100 ml of water, and 15 ml of a 10%
potassium iodide solution were added to the mixture, which was then stored in a dark place for
30 minutes to allow the reaction to proceed.

After the incubation period, the solution was titrated with a standardized thiosulfate solution
until a straw color was observed. At this point, 1 ml of starch indicator was added, turning the
solution blue. The titration continued until the blue color disappeared, indicating the endpoint of
the reaction. A blank titration, conducted under the same conditions, was also performed to
ensure the accuracy of the measurements. This method measures the degree of unsaturation in
the oil, as the iodine reacts with the carbon-carbon double bonds in the fatty acids, providing
important information about the oil's chemical properties and quality.

lodine value = [(Titer value of blank - titer value of oil samples) ml x 0.01269 x 100]/ Weight
of oil sample (Q).

38 Life as Basic Science: An Overview and Prospects for the Future Volume: 2



Determination of Nutritional Quality Between Indigenous and Imported Cashew Nuts

Result
Acid value

The acid value of an oil measures the quantity of free fatty acids (FFA) present. It is defined
as the number of milligrams of potassium hydroxide (KOH) needed to neutralize the FFAs in one
gram of oil. A higher acid value typically indicates a greater amount of FFAs, which often
suggests the oil is older or of lower quality. Conversely, a lower acid value is associated with
fresher, higher-quality oil. The acid value is an essential parameter for assessing the condition
and usability of oil in various applications, such as cooking and industrial processes. It is
important because high levels of FFAs can lead to undesirable flavors, odors, and reduced shelf
life in edible oils, while in industrial oils, it can affect performance and stability.

Table 1. Comparison of acid values of different edible oils (Source: Ichu and Nwakanma,
2019).

ACID VALUE
(mg KOH/g)
1. Mustard oil 0.56
2. Soya oil 0.35
3. Coconut oil 0.31
4. Palm kernel oil (PKO) 2.75
5. Palm oil 2.67
6. Sesame oil 1.34
7. India variant cashew nut oil 0.48
8. African variant cashew nut oil 0.45
3 -
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=
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Figure 4. comparison of Acid Values between different edible oils and two types of Cashew nut
oils.
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Saponification value
The saponification number provides insights into the average chain length of fatty acids within
a fat or oil, which helps determine their molecular weight. Specifically, it indicates the number
of milligrams of potassium hydroxide (KOH) required to completely hydrolyze one gram of fat
or oil. Essentially, it measures the amount of KOH needed to neutralize the fatty acids. A longer
fatty acid chain suggests lower acidity, resulting in reduced KOH consumption. Conversely,
shorter fatty acid chains lead to a higher saponification number, as more KOH is needed for
neutralization. This metric is crucial for understanding the composition and quality of fats and
oils, impacting their applications in industries like soap making, where the saponification number
directly influences the quality and characteristics of the final product.
Table 2. Comparison of saponification values of different edible oils (Source: Ichu and
Nwakanma, 2019).

SAPONIFICATION NUMBER

: (mg KOH/g)
1. Mustard oil 230
2. Soya oil 196
3. Coconut oil 252
4. Palm oil 160
5. Sesame oil 185
6. India variant cashew nutoil 156
7. African variant cashewnut oil 148
300 -
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Figure 5. Saponification values of different edible oils and Cashew nut oils.
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Numerous physicochemical parameters are used to evaluate the nutritional value of an olil.
Among these, acid value, saponification value, and iodine value stand out as three key indicators.
The acid value measures the free fatty acid content, indicating oil quality and age. The
saponification value reveals the average chain length of fatty acids, providing insight into their
molecular weight. The iodine value assesses the degree of unsaturation in the oil, reflecting its
stability and potential health benefits. These parameters are crucial for determining the overall
quality, nutritional profile, and suitability of oils for various applications, including culinary and
industrial uses.

Table 3. Different lodine values of edible oils Source: (Seneviratne & Jayathilaka, 2016).

SI. No. OlL IODINE VALUE
1 Canola oil 115
2 Soya oil 132
3 Coconut oil 9
4 Sunflower oil 127
5 Olive ail 84
6 Sesame oil 110
7 India variant cashew nut oil 48
8 African variant cashewnut oil 51
140
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Figure 6. Comparison of iodine values between two cashew nut oils as well as different edible oils.

lodine value

The iodine value is defined as the number of grams of iodine absorbed by 100 grams of oil or
fat. This parameter indicates the degree of unsaturation within the oil, with higher iodine values
reflecting greater unsaturation. The iodine value is essential for assessing the stability and shelf
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life of oils, as more unsaturated oils are prone to oxidation and rancidity. Additionally, it provides
insight into the nutritional aspects of the oil, as unsaturated fats are generally considered healthier
than saturated fats. This measurement is crucial for various industries, including food and
cosmetics, where the chemical properties of oils directly impact product quality and performance.

Discussion
The nutritional values, including acid value, saponification value, and iodine value, are nearly

identical in two different types of cashew nut oil. Both types of cashew nut oil exhibit superior
nutritional quality compared to other edible oils commonly available on the market. However,
cashew nuts are more expensive than other oil seeds, making cashew oil less affordable for
everyday use. The primary difference between these two types of cashew nut oils lies in their
taste, which is influenced by their sugar content. Although the sugar content was not analyzed in
this chapter, it is a factor that could be investigated in future studies.

Conclusion
There is a common belief that indigenous cashew nuts possess superior nutritional quality

compared to imported ones. However, studies have shown that there is no significant nutritional
difference between them. Both types of cashew nut oil exhibit excellent nutritional profiles,
comparable to other commonly available edible oils on the market. This makes cashew nut oil a
viable alternative oil source. Despite the higher cost of cashew nuts, their oil remains a nutritious
option, offering potential health benefits and versatility in various culinary applications.
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Abstract:

This chapter discusses the profound implications of studying life as a basic science and its intersection with
the practice of medicine. It begins by defining key terms such as "life," "basic science," and "medicine."”
Throughout history, the pursuit of basic science has influenced medical practices, from ancient cultures to the
modern era. The text traces the evolution of basic science in medicine, highlighting key developments such as
cell theory and molecular biology. Cell theory revolutionized medical understanding by providing insights into
pathological processes and enabling targeted treatments. Similarly, advancements in molecular biology, including
the discovery of DNA structure and the completion of the Human Genome Project, have paved the way for
personalized medicine. Challenges and future directions in personalized medicine, including ethical
considerations and technological advancements such as single-cell omics and artificial intelligence, are also
explored. The chapter concludes by emphasizing the potential of personalized medicine to revolutionize
healthcare through tailored treatments and individualized care.

Introduction:
What does it truly mean to study life as a basic science? And what impact does such a study

have on the practice of medicine? Before we address the above two questions, it is important to
define the three key terms under consideration, namely, “life”, “basic science”, and “medicine”.
Life (verb form: to be living) can be broadly defined as the ability of a given unit of matter to
recognize itself as a “self”, to use energy from the earth’s environment to grow and to reproduce
its “self”, to mount a response to any stimulus received by its “self”’; and as such, any unit of
matter that possesses all of these abilities is said to be living. Basic science is defined as the use
of scientific inquiry and research methodologies to provide a fundamental understanding of the
natural world. Medicine can be defined as the practice concerned with the maintenance of human
health and the prevention, alleviation, or cure of disease (Encyclopedia Britannica, 2023). Basic
science delves into the fundamental questions of how life works, aiming to unravel the intricate
mechanisms governing biological phenomena. By comprehending the intricacies of life at its
most elemental level, researchers can pave the way for advancements in predicting, preventing,
diagnosing, and treating diseases. Basic science aimed at understanding life thus forms the
foundation upon which medical breakthroughs are made.
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The Intersection of Basic Science and Medicine - Ancient Times to the Middle Ages

Evidence of the pursuit of basic science and its influence on the practice of medicine can be
traced as far back as around 3000 to 1200 BCE. (Lindberg 2007). For example, careful
observation and study led to the discovery of antibiotic properties in naturally occurring
substances such as honey and onions. (Metwaly et al. 2021).

Ayurveda, a natural system of medicine, is thought to have originated in India more than 3,000
years ago. One among the four Vedas of ancient India, the Atharvaveda has a detailed description
of how to specifically wrap open wounds with Indus valley region plants. In several ancient
cultures across the world, the understanding of astronomy as a basic science, was considered
important enough to affect medical practice and healing rituals. For over 2000 years, medicinal
healers in China and large portions of Asia are also documented to have used various herbal
powders, dust made from various animal parts, and strategically placed needles to treat human
ailments, although there is less known documentation of the intersection of these empirically
obtained treatment approaches and their intersection with the basic sciences.

Ancient Greek medicine mainly revolved around the theory stating that good health comes
from a perfect balance of the four humors: blood, phlegm, yellow bile, and black bile, and poor
health was understood to be a result of improper balance of the four humors. The theory of
humors had a great impact on medicine throughout the Middle Ages and extended into the
Renaissance and even the Early Modern period. Some of the most important developments in
medicine between the seventh and the eleventh centuries took place in the Middle East, and
connections between basic science and medicine are evident. For example, the famous book
called Collection of Simple Drugs and Food, is an alphabetically arranged compendium of
medicinal plants, along with information about drug preparation, administration, and dosage.
Meanwhile, the practice of medicine in Mesoamerican cultures can be traced back to the year
1500 BC. The classic codex, which was written in 1552, contains descriptions of plant-based
remedies for several ailments including boils, hair loss, joint diseases, and tumors, among others.
Thus, from ancient times and throughout the Middle Ages, all around the world, the careful
observation, study, and documentation of newly discovered natural phenomena went hand-in-
hand with the application of those discoveries towards aims considered useful for purposes of
human healing.

Theory of the Cell as Basic Science, and its Impact on Modern Medicine

The basic science understanding of life's fundamental unit, the living cell, is expounded in cell
theory. Proposed in the early 19th century, cell theory revolutionized scientific thought, paving
the way for significant advancements in medicine ranging from antibiotics to modern-day cell-
based therapies for treating cancer.

Cell theory provided a framework for understanding pathological processes, such as
infections, genetic disorders, and cancer. Through microscopic examination, clinicians could
identify abnormalities within cells, leading to more accurate diagnoses and targeted treatments.
For example, the discovery of bacteria as the causative agents of infectious diseases, such as
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tuberculosis and cholera, revolutionized public health practices, paving the way for antibiotics
and vaccination.

In more recent times, techniques such as tissue culture and stem cell generation and
maintenance have opened new avenues for regenerative medicine and personalized therapies. By
harnessing the potential of cells, scientists can now engineer tissues and organs for
transplantation, regenerate damaged tissues, and develop targeted therapies for various diseases.

Impact of Basic Molecular Biology on the Practice of Medicine

Advancements in chemistry and biology in the 20" century resulted in the elucidation of
molecular structures, particularly DNA, RNA, and proteins, which provided a molecular basis
for understanding the mechanisms of life. Biochemistry emerged as a distinct discipline, bridging
the gap between chemistry and biology.

One of the most significant milestones in understanding life at the molecular level was the
discovery of the structure of DNA by James Watson, Rosalind Franklin, and Francis Crick in
1953. This groundbreaking achievement revealed the molecular basis of heredity and laid the
foundation for the field of molecular genetics. Subsequent research led to the deciphering of the
genetic code, the sequence of nucleotides that dictates the synthesis of proteins.

Molecular biology emerged as a multidisciplinary field focused on uncovering the molecular
mechanisms that drive complex biological processes. Techniques such as recombinant DNA
technology, polymerase chain reaction (PCR), and genome sequencing revolutionized biological
research, enabling scientists to manipulate and study molecules with unprecedented precision.

The completion of the Human Genome Project in 2003 marked a monumental achievement in
the field of genomics, laying the foundation for personalized medicine. This ambitious endeavor
deciphered the entire human genetic code, providing insights into the genetic underpinnings of
health and disease. Armed with this knowledge, researchers and clinicians embarked on a quest
to unravel the complexities of the genome and harness its potential for personalized healthcare.

In recent decades, advances in genomics and proteomics have further expanded our
understanding of life at the molecular level. The sequencing of the human genome and the
genomes of other organisms has provided invaluable insights into the genetic basis of health and
disease. Transcriptomics, the study of patterns in RNA expression and their functional
significance in cells, has paved the way for novel mechanistic insights. Meanwhile epigenomics,
which is the study of how genes are switched on and off without changing the actual DNA
sequence, has fine-tuned the insights gained from epigenomics. Proteomics, the study of proteins
on a global scale, has uncovered the complex networks of interactions that govern cellular
function. Metabolomics is the study of the small molecules that are products of energy generating
and utilizing reactions occurring throughout the human body within each cell and is poised to
revolutionize the discovery of novel diagnostic biomarkers. Overall, systems biology
approaches are emerging to study life as a composition of integrated systems, thus considering
the interactions between genes, proteins, and other molecules in living organisms, and giving rise
to the era of personalized medicine.
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Challenges and Future Directions:

Personalized medicine has immense potential, but also brings forth new challenges, including
ethical considerations and disparities in access. The integration of genomic information into
clinical practice requires infrastructure, collaboration, and evidence-based guidelines to ensure
safe and effective implementation.

In recent times, the exploration of personalized approaches to diagnosis and treatment has
been steadily advancing, driven by technological innovations and a deeper understanding of
biological systems. With the advent of newer technologies such as single-cell RNA sequencing
and proteomics, the profound complexity and heterogeneity of living systems can finally be
studied at multiple levels of biological organization. However, effectively implementing these
cutting-edge technologies is still challenging for multiple reasons.

One challenge lies in the integration of multi-omics data streams, including transcriptomic,
proteomic, and metabolomic data, to generate a comprehensive understanding of cellular
function. The translation of single-cell omics findings into clinically actionable insights is
important. Close collaboration between researchers, clinicians, and industry partners is necessary
for validating findings, developing robust, reproducible analytical pipelines, and navigating novel
regulatory considerations.

Integrating single-cell omics technologies with advanced computational and artificial
intelligence (Al) methodologies is the way of the future. Using Al-based analytical models,
researchers can uncover novel hidden patterns and relationships in integrated multi-omics
datasets, and these patterns and relationships may hold the key to effective medical treatment
strategies. Furthermore, advances in single-cell imaging and spatial profiling techniques enable
the visualization of cellular interactions and microenvironmental dynamics in a detailed manner,
thus further enhancing our understanding of disease processes.

In conclusion, by harnessing the power of predictive and generative Al to integrate multi-
omics data generated by multiple novel complementary technologies, researchers are poised to
unlock new frontiers in cellular biology and pave the way for more precise and effective
treatments tailored to individual patients. However, realizing this vision will require concerted
efforts to address technical limitations, integrate multi-omics data streams, and translate research
findings into clinical practice. With perseverance and innovation, personalized medicine
promises to revolutionize healthcare, ushering in an era of truly individualized care tailored to
the unique needs of each patient.
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Abstract:

Education outreach initiatives have become essential instruments for resolving educational disparities,
encouraging student participation, and encouraging lifelong learning. This essay investigates the complex
effects of outreach programs in a range of educational contexts, including elementary schools and
postsecondary institutions. The study analyzes the many outreach activities, such as community engagement
projects, STEM enrichment programs, tutoring and mentoring initiatives, and parental involvement efforts,
through an extensive review of the literature and case studies. It examines how these initiatives have affected
students' academic performance, social and emotional growth, and sense of community empowerment. The
study also addresses the difficulties and best practices related to putting into action successful outreach
programs and provides suggestions for decision-makers in government, education, and the community. This
paper intends to emphasize the significance of outreach initiatives in education and its transformative potential
in establishing more equitable and inclusive learning environments by combining empirical evidence and
_hiahliahtina successful models.

Introduction:

Globally, outreach initiatives are now essential parts of all educational systems, acting as
bridges to increase access to high-quality education, encourage student achievement, and fortify
ties with the local community. These projects and programs include a broad spectrum of
activities intended to assist students of all ages and backgrounds in formal and informal
learning environments. Outreach initiatives are essential in resolving educational inequities and
enabling people to succeed, from offering academic help and enrichment opportunities to
encouraging parental involvement and community engagement.

Education outreach programs are essential for closing gaps, promoting diversity, and
fortifying the bonds between academic institutions and the communities they serve. These
initiatives go beyond the walls of the typical classroom in an effort to involve students,
families, and community members in cooperative learning activities.

This article examines the effects of outreach initiatives in education, emphasizing how
important they are for advancing equity, improving student performance, and encouraging

Dr. Gurupada Das

Assistant Professor, Department of Commerce, Trivenidevi Bhalotia College, Raniganj, West Burdwan - 713347,
West Bengal, India

*Corresponding Author: gurupadadas.dde@gmail.com

© International Academic Publishing House, 2024

Dr. Somnath Das, Dr. Latoya Appleton, Dr. Jayanta Kumar Das, Madhumita Das (eds.), Life as Basic
Science: An Overview and Prospects for the Future Volume: 2. ISBN: 978-81-969828-6-7;

pp. 49-55; Published online: 30t"June, 2024


https://doi.org/10.52756/lbsopf.2024.e02.004
https://crossmark.crossref.org/dialog/?doi=10.52756/lbsopf.2024.e02.004&domain=iaph.in

The Impact of Outreach Programs in Education: Empowering Students, Enriching Communities

community empowerment. This paper examines the impact of outreach programs on various
stakeholders, emphasizing their role in promoting academic success, enhancing socio-
emotional development, and contributing to a more inclusive and connected educational
landscape. By examining empirical data, case studies, and best practices, it aims to shed light
on the outreach programs' transformative potential and offer suggestions to stakeholders who
are interested in maximizing their effect and efficacy.

Role of outreach programs:

One of the main goals of outreach programs in education is to overcome systemic barriers to
learning and provide targeted support to underrepresented populations in order to promote
equity and inclusion. These programs frequently target kids who may encounter different
obstacles in accessing educational opportunities, such as students from low-income households,
minority populations, English language learners, and students with impairments.
Underprivileged groups, low-income pupils, and residents of isolated or marginalized
communities are all included in this. Programs for community engagement, such literacy
campaigns and after-school activities, aim to give extra help and resources in addition to formal
education, so that students will always have a passion for learning. Among the most popular
outreach programs are tutoring and mentorship schemes, which offer one-on-one assistance and
direction to kids who might be having social or scholastic difficulties. Studies have indicated
that these initiatives can provide noteworthy benefits for kids' academic performance and self-
assurance.

Extensive research indicates that outreach initiatives enhance participants' motivation and
academic performance. In order to support students in discovering their interests and goals,
these programs frequently include mentorship opportunities, experiential learning chances, and
exposure to a variety of educational options. Outreach programs enable students to investigate,
ask questions, and succeed in their academic endeavours by extending outside the walls of the
conventional classroom. Outreach programs not only improve academic results but also play a
major role in participants’ socio-emotional development. Environments that foster significant
relationships are created through extracurricular activities, mentoring programs, and
cooperative initiatives.

Examples of successful outreach programs:

Here are a few instances of effective educational outreach initiatives that have improved

students' academic performance, growth as individuals, and prospects going forward:
= STEAM Enrichment Program: Students from disadvantaged backgrounds in middle and
high school are the focus of the STEAM (Science, Technology, Engineering, Arts, and
Mathematics) Enrichment Program. The program offers practical workshops, field trips to
university laboratories, and graduate student and faculty mentorship opportunities. The
results of the study show that participants are more proficient and interested in STEAM
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subjects, and many of them have desires to work in related sectors or pursue higher
education.

= Family Literacy Nights: In partnership with nearby libraries and community
organizations, a number of elementary schools in the area have established Family Literacy
Nights. The purpose of these activities is to encourage family participation in literacy-
related activities and to give parents tools to assist in their kids' reading development.

= College Access Program: High School's College Access Program assists first-generation
college-bound students with all aspects of the college application and enrolling process.
The results of the program's analysis show that participants had greater rates of
perseverance and college enrolment than their peers, which emphasizes the value of
focused support in promoting postsecondary achievement.

= Community Literacy Programs: Groups such as "Reading Partners" find and train
volunteers to help primary school pupils who are struggling with reading on a one-on-one
basis. These programs frequently collaborate with nearby schools to assist with the literacy
development of the pupils.

= Career Exploration Programs: Events like "Career Day" and career fairs invite
professionals from a range of industries to speak with students about their experiences in
the workplace, give guidance, and encourage them to consider other career options.

= Parent Engagement Programs: To assist parents in assisting their children's education at
home, schools and community organizations frequently host instructional sessions and
seminars. These initiatives give parents the tools and techniques they need to get more
active in their kids' education.

= After-School Programs: After-school enrichment programs give kids the chance to
participate in extracurricular activities like athletics, music, art, or academic clubs,
allowing them to explore their interests and skills outside of the traditional school
curriculum.

= Digital Learning Initiatives: As online learning has grown in popularity, initiatives like
"Khan Academy" and "Coursera for Campus™ give students of all ages access to free or
inexpensive educational materials, courses, and tutorials, thereby increasing the flexibility
and accessibility of learning.

= Language & Cultural Exchange Programs: Initiatives such as "Peace Corps" and
"International Student Exchange™ help students acquire languages and immerse themselves
in different cultures, fostering global citizenship and intercultural understanding.

Best practices:
Based on the successes of these outreach programs several key lessons and best practices
emerge, such as —
= Tailored Approach: Successful outreach initiatives understand the distinct requirements
and cultural contexts of their target audiences and adjust their offerings accordingly. This
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could be bilingual materials, curriculum tailored to specific cultures, or flexible scheduling
to suit a wide range of people.

= Collaborative Partnerships: Effective outreach programs frequently entail cooperation
between a variety of stakeholders, such as corporations, government agencies, community
organizations, and educational institutions. Through the utilization of resources and
specialized knowledge from other industries, initiatives can optimize their influence and
expand their reach.

= Long-term Engagement: The success of outreach initiatives depends on establishing
enduring bonds with participants and their families. Strategies for long-term engagement,
like alumni networks, follow-up assistance, and continuous communication, aid in keeping
ties strong after the program is over. This gives members a sense of community and
guarantees ongoing support as they advance in their academic careers.

» Targeted Outreach: Targeted outreach is the process of identifying particular
communities or people that stand to gain from the program's offerings and then developing
outreach strategies to effectively reach them. Designing pertinent and effective programs
requires an understanding of the target audience's requirements, interests, and barriers.

= Empowering Community Leadership: Outreach programs can become more relevant
and sustainable when community people are given the freedom to take the lead.
Incorporating community people as mentors, advocates, or volunteers can enhance
programmatic results and foster the growth of grassroots leadership.

» Culturally Responsive Approaches: Acknowledge and honour the diversity of cultures
among program participants. To establish inclusive and encouraging learning
environments, culturally responsive approaches entail having a thorough awareness of
cultural backgrounds, beliefs, and perspectives.

= Engagement and Relationship Building: Establish dependable connections with families,
communities, and program participants. Involve stakeholders in the planning, decision-
making, and assessment phases of the program to promote accountability, ownership, and
commitment.

= Holistic Support Services: Provide extensive extracurricular support services, including
family assistance, health services, counselling, tutoring, and mentorship, in addition to
academic education. By attending to the participants' holistic requirements, learning
obstacles can be eliminated and general well-being can be enhanced.

» Data-informed Decision Making: To support efforts for continuous improvement, gather
and evaluate data on participant progress, program implementation, and results. Utilize
data to show the efficacy of programs, pinpoint areas for improvement and strength, and
inform decision-making.

= Sustainability Planning: Provide long-term infrastructure, manpower, and money to
enable program scalability and continuity. To guarantee the long-term viability of the
program, investigate a variety of funding options, form alliances, and make investments in
capacity building.
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Professional Development: To improve employees' knowledge, abilities, and
competences, give volunteers, partners, and staff regular training and professional
development opportunities. Encourage creativity and ongoing learning to adjust to
changing circumstances and needs.

Organizations can increase their efficacy, optimize their impact, and bring about long-lasting
positive change in the lives of individuals and communities by implementing these best
practices into outreach initiatives in education.

Challenges and future directions:

Even though educational outreach initiatives have shown a great deal of success, they still
have room for development and confront a number of obstacles. The following are some of the
main issues and possible future paths:

Resource Constraints: The sustainability and scalability of outreach activities are
severely hampered by a lack of funds and resources. The long-term sustainability of
programs can be ensured by establishing collaborations with other groups and securing
steady funding sources in order to manage resource restrictions.

Equity and Inclusion: It is still a constant struggle to guarantee all students, especially
those from historically underprivileged communities, equitable access to outreach
initiatives. Promoting inclusivity and fairness in programs offerings requires addressing
structural barriers to participation, such as those related to transportation, language, and
cultural differences.

Technology Integration: Outreach programs need to change to properly engage students
in virtual or hybrid contexts, given the growing dependence on digital technologies for
education. Future outreach activities must take into account the digital gap, offer training
in digital literacy, and integrate technology into program delivery.

Measuring Impact: Evaluating outreach initiatives' long-term results can be difficult,
even if doing so is necessary for accountability and progress. To gain a deeper
understanding of the long-term impacts of outreach programs on participants and
communities, it is imperative to develop comprehensive assessment frameworks, gather
longitudinal data, and carry out meticulous research investigations.

Sustainability: A lot of outreach initiatives depend on outside funding, which can be
erratic and ultimately unsustainable. Program sustainability depends on finding methods
to develop collaborations, diversify funding sources, and strengthen organizational
capabilities.

Professional Development: Maintaining the caliber and efficacy of programs requires
funding for the professional development of volunteers, partners, and program
employees. Prospective paths could encompass the provision of continuous training,
mentorship, and networking opportunities aimed at enhancing the proficiency of
educators and practitioners in the outreach education domain.
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» Global Perspectives: Outreach programs that address global concerns, foster
international understanding, and prepare students for global citizenship are becoming
more and more necessary in an increasingly interconnected world. Prospective paths
could entail integrating global perspectives, international alliances, and cross-cultural
exchanges into outreach education programs.

By tackling these issues and looking toward the future, educational outreach programs may

be strengthened, their effects can be maximized, and learners, communities, and society as a
whole can benefit.

Conclusions:
To sum up, outreach initiatives in education are essential for resolving inequalities,

encouraging accessibility, and improving educational chances for a range of student
demographics. Significant progress has been made in reaching marginalized groups, enhancing
academic performance, and encouraging personal growth through these programs. They do,
however, also have to deal with a number of difficulties, such as issues of equity, sustainability,
and the ongoing need to adjust to shifting educational environments.

In spite of these obstacles, educational outreach initiatives have a bright future ahead of
them with lots of chances for influence, innovation, and teamwork. Outreach programs can
continue to significantly impact educational equity, social justice, and lifelong learning by
emphasizing equity and access, embracing technology, encouraging community engagement,
funding professional development, and pushing for supportive policies. In order to address
these issues and take advantage of chances for good change, stakeholders -including educators,
legislators, academics, community organizations, and funders—must collaborate going ahead.
Outreach programs may flourish as essential elements of inclusive, egalitarian, and
revolutionary education systems by utilizing group expertise, resources, and collaborations.
This will ultimately empower people, enhance communities, and advance societal progress.
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Chapter- 5 o

Use of hyaluronic acid in targeted therapy of cancer
Puspendu Roy

Keywords: chemotherapy; combination cancer therapy; hyaluronic acid (HA); anomedicine; nanoparticles
(NPs); targeted therapy

Abstract:

Currently, cancer is one of the leading causes of death worldwide. That's why scientists all over the world are
researching how to deliver drugs against cancer cells better. The use of Hyaluronic acid in drug delivery against
cancer cells has shown a glimmer of hope. Being a natural polymer, it is non-toxic, bio-degradable, non-
immunogenic and non-inflammatory. At the same time, HA can recognize and bind to several receptors present
in cancer cells, such as CD44, Receptor for HA Mediated Motility (RHAMM), Lymphatic Vessel Endothelial
Receptor-1(LYVE-1). Not only this HA increases the solubility, bioavailability, stability, targeting efficiency of
various anticancer drugs and reduces toxicity. Because of the above advantages HA can be used very successfully
in the preparation of various anti-cancer formulations. Conjugation of HA with drugs, formation of HA based
nanoparticles and HA coated inorganic nanoparticles are few of them. In this review paper | have tried to detail
the application of the above anti-cancer formulations which makes HA suitable for future biomedical applications
in cancer treatment.

Introduction:
According to World Health Organization the second most leading cause of death is cancer.

About one out of six death is due to cancer (WHO Report on Cancer: Setting Priorities, Investing
Wisely and Providing Care for All, 2020). Cancer took 9.6 million lives only in 2018. Not only
that, 70% of deaths due to cancer are from developing and underdeveloped countries. The new
cancer cases worldwide are predicted to increase from approximately 18.1 million in 2018 to 29.4
million in 2040 (WHO Report on Cancer: Setting Priorities, Investing Wisely and Providing Care
for All, 2020). Therefore, a substantial amount of research is going on worldwide to treat cancer.
For the last few decades different approaches have been taken to develop anti-cancer drugs.
Nanomedicine is one of the most effective approaches to treat cancer. The novel properties of
nanoparticles make them more effective as anticancer drugs. Recent research has focused on how
these nanomedicines can specifically target cancer cells. This will not only improve
bioavailability of the drug but also reduce the side effects on non-target cells. There are several
strategies by which we can target a cancer cell, they are broadly divided into two categories-
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Use of hyaluronic acid in targeted therapy of cancer

active targeting and passive targeting (Sutradhar and Amin 2014; Dadwal et al. 2018). In passive
targeting strategies the therapeutic agents can bind different cells of the body including the cancer
cells. Therapeutic agents, in this method, can have a detrimental effect on other cells. Active
targeting is more effective, because in this method therapeutic agents are targeted towards several
cancer specific biomarkers. Therefore, therapeutic agents only bind to cancer cells, thereby
reducing the side effects on other healthy cells. Hyaluronic acid (HA) can bind with some cancer
cell specific receptors, such as CD44, Receptor for HA Mediated Motility (RHAMM), Lymphatic
Vessel Endothelial Receptor-1(LYVE-1) (Jianetal. 2017). CD44, RHAMM, LYVE-1 molecules
are over expressed in several types of cancer (e.g., breast cancer, prostate cancer, colon cancer,
acute myeloid leukemia, etc.) (Jian et al. 2017). Hyaluronic acid binds specifically with these
markers. Therefore, HA is a good agent in active targeting of nanoparticles against cancer. In this
paper we have tried to summarize different approaches that uses HA in targeting cancer cells.
Additionally, we have included some successful research works and findings in this field to show
the potential of HA in active drug delivery against different types of cancer.

Properties of HA that makes it a good agent for drug delivery system:
Hyaluronic acid (HA), also known as hyaluronan is a natural glycosaminoglycan found mainly

in connective tissue, neural tissue and extra cellular matrix. Its structure is composed of
alternately repeating units of D-glucuronic acid and N-acetyl-D-glucosamine linked by
alternating B-(1—4) and B-(1—3) glycosidic bonds. Its chemical formula is (C14H2:NO11)n and
molecular weight ranges from five thousand to twenty million kilo Dalton (Wickens et al. 2017).
HA can bind with some cancer cell specific receptors, such as CD44, Receptor for HA Mediated
Motility (RHAMM), Lymphatic Vessel Endothelial Receptor-1(LYVE-1) (Jian et al. 2017).
Another property of HA that make it suitable for anticancer drug delivery is that it is nontoxic,
biodegradable, non-immunogenic, non-inflammatory (Oh et al. 2010). The carboxyl groups of
the glucuronic acid unit and hydroxyl groups of the N-acetyl-D-glucosamine unit can be
chemically modified to obtain HA derivative. Therefore, HA itself can be surface modified to
carry additional drugs, so that they can be specifically delivered to specific cancer cells, not only
this it is very easy to attach HA on a suitable nanoparticle for improving bioavailability.

Use of HA in targeted drug delivery against cancer:
HA can be used in several ways for targeting cancer cells. They can be classified into

following three broad categories-
1) Drug conjugated HA.
2) HA based nanoparticles
3) Inorganic nanoparticles coated with HA.

Drug Conjugated HA:

Chemotherapy is one of the most common methods for cancer treatment. Doxorubicin,
Paclitaxel, Cisplatin, Gemcitabine etc. drugs are commonly used for cancer chemotherapy (Jian
et al. 2017; Lee et al. 2020). These drugs are very effective in destroying cancer cells, but they
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can impose detrimental side effects on other non-target cells of the body (Schirrmacher 2019).
To protect normal body cells from side effect of above said drugs we need to deliver these drugs
in a targeted method so that they can specifically bind to only the cancer cells. HA have several
properties, discussed earlier, make it very suitable to be conjugated with anticancer drugs
(Arpicco et al. 2014; Wu et al. 2019). There are two ways by which drugs can be conjugated with
HA. The functional groups of some drugs can be attached directly with the carboxylic, hydroxyl,
and acetamido groups of HA. Few drugs need conjugate linkers (such as ester linkers and amide
linkers) to attach with HA (Arpicco et al. 2014).

HA in cancer

I Drug Conjugated l HA based Inorganic NPs

HA. NPs coated with HA.

Figure 1. Different approaches of using HA in targeted drug delivery against cancer
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Figure 2. Conjugation of drugs with HA, either by direct linking or by using conjugate linkers.

Drug-conjugated HA improves targeting of drugs, stability of drugs, and better uptake of drugs
by the cancer cells (Choi et al. 2012). These drugs conjugated HA selectively target cancer cells
and improve the efficacy of the drug due to enhanced permeability and retention.
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Doxorubicin conjugated HA has shown great potential as liver-targeted, pH-responsive and
dose-dependent drug delivery system in the prevention and treatment of liver cancer (Tian et al.
2019). Doxorubicin conjugated HA have also shown more effectiveness against murine breast
cancer cell line 4T1 & Female BALB/c mice when compared to free drugs. It has also shown
stronger inhibitory effects and lower systemic toxicity than the free drug (Yu et al. 2020). Similar
effects were found in MDA-MB-231 and 4T1 breast cancer cell lines (Vogus et al. 2017).
Hyaluronic acid-doxorubicin conjugate coated with gold have been used successfully against
melanoma cells for bioimaging, chemotherapy and thermotherapy (Kim et al. 2012) Paclitaxel
conjugated with HA have shown improved biodistribution and increased cytotoxicity against
colon cancer, ovarian cancer, breast cancer cell lines (Leonelli et al. 2008). Paclitaxel conjugated
HA have shown improved targeting and apoptosis in Multi-Drug Resistance and Triple-Negative
Breast Cancer Cell lines (MCF-7, MDA-MB-231, and MCF-12A) (Gote et al. 2021). Paclitaxel-
hyaluronic acid bioconjugate (HYTAD1-p20) showed efficient inhibitory effect against RT-4
and RT-112/84 bladder cancer cells (in vitro) and also on BALB/c, SCID mice & Fischer female
rats (in vivo) with less damage to mucosal membrane (Rosato et al. 2006). Ultra small hyaluronic
acid-Paclitaxel nanoconjugates have been successfully used to control brain metastases of breast
cancer cells (MCF-7 & MCF-7/AdrR cell line) (Mittapalli et al. 2013). HA conjugated cisplatin
targets CD44 positive lung cancer cells and increase the efficacy of the drug with no side effects
(Fan et al. 2015). Hyaluronic acid- Cisplatin conjugate breast cancer cells (MCF7 and MDA-
MB-231) metastasis to regional lymph nodes with no adverse effects (Cai et al. 2008). Cisplatin—
hyaluronan conjugates have reduced toxicity of cisplatin and improved drug delivery to lung
cancer of Sprague—Dawley rats (Xie et al. 2010). Similar effects were found when HA conjugated
cisplatin was applied against head and neck squamous cell carcinoma of Nu/Nu mice (Cohen et
al. 2013). HA conjugated gemcitabine have shown improved cellular uptake, cancer targeting
and therapeutic efficacy inhibiting proliferation of CD44-overexpressing HUCCT1 biliary cancer
cells when compared to free drugs (Noh et al. 2015). Gemcitabine-conjugated HA has been
successfully applied in targeting, imaging, and killing of CD44" pancreatic cancer, colon cancer,
melanoma cell lines (Dubey et al. 2017). HA-conjugated nimesulide showed remarkable anti-
cancer effect by inducing apoptosis in the colorectal cancer (cell line HT-29) xenograft mice
model without noticeable changes in the liver or kidney functions (Jian et al. 2017). In all of the
above-mentioned studies, the anticancer effects of the anti-cancer drugs have been improved a
substantial amount when conjugated to hyaluronic acid (HA). This is because HA targets CD44,
which is over-expressed in different types of cancer. Effective targeting of drugs to the cancer
site has improved their overall efficacy.

Table 1: Recent research on chemotherapy using Drug-conjugated HA.

Drug Used Type of Cancer | Model used In vitro/ Reference
in vivo
Doxorubicin Liver cancer Human hepatic cell line | Both (Tian et al.
(HepG2) & BALBI/c 2019)
mice
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Breast Cancer Murine 4T1 cell line & | Both (Yu et al.
o oH o Female BALB/c mice 2020)
_,,OH or Breast cancer MDA-MB-231 cell line | Invitro | (Vogus et
_ al. 2017)
o o oW &, o0 Melanoma B16-F1 cell line Invitro | (Kim et al.
/
['I 2012)
OH
MHz
Paclitaxel Colon tumors HCT-116 cell line Invitro | (Kim et al.
2012)
"y Ovarian cancer | SK-OV-3 cell line Invitro | (Kim et al.
@ 2012)
Breast cancer HBL-100 Invitro | (Leonelli
: ' et.al.2008)
Breast Cancer MCEF-7, MDA-MB- | Invitro | (Gote et al.
231, and MCF-12A cell 2021)
lines
Bladder cancer BALB/c, SCID mice & | Invivo | (Rosato et
Fischer female rats al. 2006).
Bladder cancer RT-4 cell line Invitro | (Rosato et
al. 2006).
Brain metastases | MCF-7 & MCF-7/AdrR | Invitro | (Mittapalli
cell line et al. 2013).
Cisplatin Lung cancer LCC cell line Invitro | (Fan et al.
2015)
a,, NH Lymphatic Rat Invivo | (Cai et al.
i W metastases 2008)
LN Lung cancer Sprague—Dawley rat Invivo | (Xie et al.
Cl/ \NH‘ 2010)
" Head and neck | Nu/Nu mice Invivo | (Cohen et
squamous  cell al. 2013)
carcinoma
(HNSCC)
Gemcitabine Breast cancer MDA-MB-231 cell line | Invitro | (Vogus et
al. 2017)
NH; Biliary cancer HUCCT1 cell line Invitro | (Noh et al.
>N 2015)
HO N Pancreatic PANC-1, PANC-0403 | Invitro | (Dubey et
o N © cancer cell lines al. 2017)
E Colon cancer CT-26 cell lines Invitro | (Dubey et
OH F al. 2017)
Melanoma B16-F10, MDA-MB | Invitro | (Dubey et
435 Cell lines al. 2017)
Nimesulide Colorectal HT-29 cell line Both (Jian et al.
cancer 2017)
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HA-based nanoparticles:

Nanoparticles have been used successfully used against different types of cancer. The use HA
to form nanoparticles is due to its ability to form different nano-sized structures, such as
liposomes, micelle, dendrimers, hydrogel, polymerosome etc. (Kim et al. 2018; Lee et al. 2020).
HA has several functional groups that allow a plethora of drugs to be conjugated in the
nanoparticle. These nanoparticles do not elicit inflammation; they are non-immunogenic; and
they are easily degraded in a biological system. These HA-conjugated nanoparticles easily bind
to the cancer-cell specific CD44, RHAMM, LYVE-1 receptors. Nanoparticles made using HA
have some excellent features as an anticancer formulation:they improve targeting, permeability,
stability, as well as biocompatibility. Table 2 provides a list of nanoparticles synthesized using

HA that were successfully used against cancer cell in vitro/in vivo.

Use of hyaluronic acid in targeted therapy of cancer

Table 2: Recent research on HA based Nanoparticles used against cancer.

Type of  Size Zeta Polyd Core Drug used Used on Referenc
nanopa (nm) potenti isper
al sity
Liposom | 130.6 | -22.6 - Hyaluronic | siRNA Bcl-2 Hela cells (Tong et.
e mV acid & cervical cancer | al. 2020)
lipid cell line
125.43 | —14.29 | 0.21 HA, Doxorubicin | MDAMB-231 (Park
+457 | £0.43 + Magnevist Breast cancer et.al.
mV 0.02 & DOX cell line 2014)
126.6 | —23.64 | 0.157 | HA, Lipid Dox Al72 (ATCC: | (Hayward
+562 | £1.49 CRL1620) et. al.
mV human 2016)
glioblastoma
cell line
110to | +50to - HA, 1,2- Anti- lung cancer (Taetz et.
160 +60 dioleoyl- Telomerase | cell lines A549 | al. 2009)
nm mV sn-glycero- SiIRNA and Calu-3
3-
phosphoeth
anolamine
(DOPE)
147.8 | -20.80 - HA, Soy Paclitaxel HepG2 and (Jiang et.
+ 33 | £1.70 phosphatid A549 cell lines | al. 2012)
mV ylcholine
&
cholesterol
Micelles | 187 - - Pyridyl Doxorubicin | Squamous cell | (Han et.
nm disulfide carcinoma al. 2015)
methacryla (SCCT7) cells
te, HA
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154.8- | -7.29 | 0.120 HA and Doxorubicin | MCF 7 breast (Qiu et.
215.7 to - poly(l- cancer cell line | al. 2014)
nm -10.7 | 0.233 | histidine)
mV
14495 | —27.19 - Thiolated | Doxorubicin colon cancer (Debele
+388 | 33z hyaluronic stem cells et. al.
nm 1.91 acid & 2018)
mV hydrophobi
C 6-
mercaptop
urine
Hydroge - - - Sodium Hydrogel Breast cancer | (Yang et.
I selenite, itself used as al. 2020)
hyaluronic anticancer
acid- agent
dopamine
- - - Thiol Zinc Subcutaneous | (Xu et. al.
functionali | phthalocyanin | transplantation 2021)
zed e,Doxorubicin | tumor-bearing
Hyaluronic e, BALB/c mice
acid Indocyanine
green
Polymer | 82 nm - 0.06 | Hyaluronic | Mertansine | MDA-MB-231 | (Zhang
osome acid (DM1) toxin | tumor-bearing et.al.
nude mice 2018)
146.2 | -42.1+ | 0.12 HA, Doxorubicin Murine 4T1 | (Shahriari
+10 |0.3mV + polycaprol and human et. al.
nm 0.03 actone MCF-7 cancer 2019)
cell lines
Dendrim | 2.1£0. | +6.1+ | 0.293 Au - Hepatocellular | (Wang et.
er 3 0.7 mV - carcinoma al. 2016)
0.334 (HCO)
9.3 =7.02 - - 3, 4- pancreatic (Kesharw
+15 | £9.53 difluorobenzy | cancer cells ani et. al.
mV lidene 2015)
curcumin
(CDF)
Liposome:

Liposomes are small vesicles made of phospholipid bilayers. Their amphipathic nature makes
them very efficient in carrying both hydrophilic drugs (in agueous solution) & hydrophobic drugs
(across the membrane) (Rawat et al. 2008). Liposomes are very good vehicles for drug delivery.

HA can be conjugated covalently to liposomes by two ways. In first method, HA is conjugated
with phosphatidylethanolamine of a liposome by an amide linkage between carboxylate of HA
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and amino group of liposomes (Peer and Margalit 2004). In second method, HA is first
conjugated with separate phosphatidylethanolamine molecules, and then these HA-
phosphatidylethanolamines are used with other lipids to synthesize liposomes (Surace et al.
2009).

HA based liposomes improve solubility, drug stability, long circulation and targeting of drugs
to cancer affected cells only, thereby reduce side effects on healthy cells (Taetz et al. 2009).
Liposomes decorated with specific antibodies or ligands make them very good tissue-specific
vehicles for anticancer drug delivery. Due to the high rate of angiogenesis in tumors, blood
vessels in tumor tissues contain large gaps (600 to 800 nm) between adjacent cells. This allows
the liposomes to extravasate from blood vessels and accumulate in the tumor (Taetz et al. 2009).

HA-based liposomes have been successfully used against cervical cancer, breast cancer,
glioblastoma, lung cancer and hepatic cancer (Taetz et al. 2009; Jiang et al. 2012; Park et al.
2014; Hayward et al. 2016; Tong et al. 2020).

Micelles:

HA can self-assemble into amphiphilic micelles, with a hydrophilic outer layer and a
hydrophobic core. Hydrophobic drugs can be incorporated in the hydrophobic core by physical,
chemical, or electrostatic interaction with hydrophobic groups of HA (Chen 2010; Yang et al.
2016; Din et al. 2017).

HA micelles have several advantages as nano-sized drug carriers: they can carry hydrophobic
drugs specifically to the target cancer cells; they decrease the rate of degradation of the drug and
reduce blood clearance (Biswas et al. 2013); and they improve drug stability, controlled release,
enhanced permeability and retention (EPR) effect (Hruby et al. 2005; Lo et al. 2009; Yin et al.
2013; Rao and Khan 2013). Given that HA-based micelles are smaller in size than non-
conjugated micellular structures, they have more tumor penetration potential, when compared
with liposomes (Blanco et al. 2009). Micelles also allow the hydrophobic anticancer drugs to be
incorporated within them, thereby facilitating their delivery. The hydrophilic corona of micelles
also protects the anti-cancer drugs from recognition by opsonin proteins, thereby preventing
phagocytic clearance (Blanco et al. 2009).

HA based micelles have been successfully used against Squamous cell carcinoma (SCC7)
cells, MCF 7 breast cancer cell line and colon cancer stem cells (Qiu et al. 2014; Han et al. 2015;
Debele et al. 2018).

Hydrogels:

Hydrogels are produced by physical or chemical crosslinking of polymers. They are
hydrophilic, can absorb water but do not dissolve in water. HA can form hydrogels very easily
by conjugating with hydrophobic groups e.g., methacrylate group, cholesterol, acetyl group etc.
nano sized HA-hydrogels are very useful in cancer drug delivery system as they are
biodegradable, stable in colloid, can carry large payload of drug, prevents aggregation of drug,
rapid drug release (Xu et al. 2012). But due to their rapid degradation, they are not a very good
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option for use as a drug delivery agent. HA can be used to fabricate the surface of hydrogels and
can be tuned as required. These HA-fabricated hydrogels can be used to study cancer cell
behaviors in vitro (Goodarzi and Rao 2021).

HA based hydrogels have been successfully used against breast cancer and subcutaneous
transplantation tumor-bearing BALB/c mice (Yang et al. 2020; Xu et al. 2021).

Polymerosomes:

Polymerosomes are special types of liposomes, produced by self-assembly of amphiphilic
diblock copolymers and have higher membrane stability and low membrane permeability (Zhang
et al. 2018; Shahriari et al. 2019). HA-polymerosomes can carry both hydrophilic and lipophilic
drugs, do not react with blood components and do not harm non-target cells. Hyaluronic Acid-
Shelled Disulfide-Cross-Linked polymersomes have shown high drug loading capability, very
negligible amount of drug leakage under physiological conditions, nontoxicity to non-target cells
and very prompt glutathione-triggered release of drug in the target organ (Zhang et al. 2018).
Hyaluronic acid-based polymersomes containing doxorubicin was also applied against murine
4T1 and human MCF-7 breast cancer cell lines. It was observed that the polymerosomes
improved the biodistribution of the drug, increased tumor necrosis, and in vivo antitumor efficacy
(Shahriari et al. 2019).

HA-based polymerosomes have been successfully used against MDA-MB-231 tumor-bearing
nude mice (Zhang et al. 2018) and murine 4T1, human MCF-7 cancer cell lines (Shahriari et al.
2019).

Dendrimers:

Dendrimers are branched synthetic polymeric compounds. They have many branches
emerging from a core. HA can be used as a terminal group in synthetic dendrimer. Hyaluronic
acid-modified manganese chelated dendrimer with entrapped gold nanoparticles have been
successfully used in the CT/MR imaging of hepatocellular carcinoma (Wang et al. 2016). The
dendrimers also showed improved water solubility, colloidal stability and biocompatibility (Xu
et al. 2021).

Hyaluronic acid conjugated polyamidoamine dendrimers containing 3, 4-difluorobenzylidene
curcumin (CDF) have been used against human pancreatic cancer cells (MiaPaCa-2 & AsPC-1)
which improved specific delivery of the CDF and reduced toxicity (Kesharwani et al. 2015).

Inorganic nanoparticles coated with HA:

Different inorganic nanomaterials such as silver nanoparticle, gold nanoparticle, iron oxide,
guantum dot, ceramic nanoparticle, and carbon-based nanoparticle (graphene oxide) have been
proven effective against cancer in various studies. However, the use of these inorganic
nanoparticles against cancer has some limitations as they themselves are somewhat toxic in
nature and do not exhibit cell specificity. But if these inorganic nanoparticles can be coated with
hyaluronic acid, their effectiveness increases with increased cell specificity and biocompatibility
(Kim et al. 2018).
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HA-Coated Ag NPs:

Silver nanoparticles are well known for their remarkable anti-microbial properties. However,
various studies have shown that silver nanoparticles are also effective against various cancers.
Experiment showed that if hyaluronic acid is used as a reducing agent during the synthesis of
silver nanoparticles in the reducing method, then a coating of hyaluronic acid is formed on the
nano-silver core, thereby reducing the toxicity of the silver nanoparticles to a large extent. Such
hyaluronic acid coated silver nanoparticles have been successfully used against leukemia(Zhang
et al. 2019). The study showed how HA coated Ag-NPs have selectively targeted CD44 enrich
leukemic cells with improved apoptosis of the cancer cells (Shahriari et al. 2019).

HA-Coated Au NPs:

Due to their surface plasmon effect, gold nanoparticles have proven effective against different
types of cancer in photothermal therapies. To improve their efficacy, cell specificity and
prevention of protein adsorption, and opsonization, HA coating of AuNPs is done (Kim et al.
2018). Hyaluronic acid-coated cisplatin conjugated gold NPs have been found effective against
Human breast adenocarcinoma MCF-7 cells, human primary glioblastoma U-87 cells and murine
fibroblast NIH/3T3 cell lines (Gotov et al. 2018). The nanoparticles entered specifically into the
cancer cells due to recognition by CD44 receptors and then by endosome formation. Then 670
nm near infra-red laser was applied, which reduces and releases cisplatin from the conjugate.
Cisplatin then works specifically on cancer cells, thereby improving its efficiency and reducing
its side effects (Wang et al. 2016). HA functionalized gold nanoparticles carrying metformin have
been successfully used against HepG2 liver cancer cells (Kumar et al. 2015). In this study HA-
Coated Au NPs not only improved targeting of drug to the cancer site, but also significantly
blocked the cancer cells in G2/M phase and increased apoptosis of the cancer cells (Kesharwani
et al. 2015).

HA-Coated Iron Oxide NPs:

Superparamagnetic iron oxide nanoparticles are primarily used in MRI, but they can be used
effectively in hyperthermia therapies. If HA is conjugated with iron oxide nanoparticles, then it
will specifically target CD44+ cancer cells and those cells can be killed by hyperthermia
therapies. Hyaluronic acid (HA) coated superparamagnetic iron oxide nanoparticles have been
successfully used against SCC7 and NIH3T3 cell lines (Thomas et al. 2015). The CD44+ cancer
cells readily uptake the nanoparticles and produce heat when alternating magnetic field (AMF)
is applied over a time period of 3 h. The specific absorption rate (SAR) was also calculated and
it was found that these nanoparticles kill cancer cells by hyperthermia (Zhang et al. 2019). Similar
type of effects was observed when superparamagnetic iron oxide nanoparticles was used against
KB and CT-26 cell lines. The nanoparticles show good dispersibility and improved cytotoxicity
due to high amount of ROS generation (Ryong Lee et al. 2021).
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HA-Coated quantum dots:

Quantum dots are colloidal fluorescent nanocrystals. Their core is made up of semiconductor
materials such as grapheme, Cadmium selenide, Cadmium sulfide, Lead Selenide, Zinc Selenide,
Gallium arsenide etc. They are mainly used for imaging purpose. HA-Graphene quantum dots
have been successfully used against HeLa and L929 cell lines (Kumar et al. 2015). It was found
that the HA-Coated quantum dots are completely biocompatible and reduce the number of HeLa
and L929 cells significantly (Vahedi et al. 2022).

Hyaluronic acid and bovine serum albumin coated CulnS2-ZnS quantum dots have been
successfully used against HeLa cells (Yang et al. 2020). Due to its CD44 receptor/magnetic dual
targeting ability high accumulation of the quantum dots have been observed by near infrared
(NIR) fluorescence and magnetic resonance (MR) imaging. About 90% reduction of tumors have
been observed when NIR laser irradiation was applied on the nude mice (Thomas et al. 2015).

HA-Coated ceramic NPs:

Ceramic nanoparticles are inorganic, heat-resistant, solids of both metallic and nonmetallic
compounds. They are synthesized by heating at high temperature and then cooling rapidly. They
are amorphous, crystalline, dense, porous or hollow in structure. Their small size,
biocompatibility, stability make them a good choice for cancer drug delivery. Addition of HA to
the surface of ceramic nanoparticles increases tissue specificity. 5-fluorouracil-loaded hyaluronic
acid-conjugated silica nanoparticles have been successfully used against colon cancer cell
bearing xenograft tumor mice model and Colo-205 colon cancer cells (Liu et al. 2015). It was
observed that 5-fluorouracil-loaded hyaluronic acid-conjugated silica nanoparticles showed
~45% cell apoptosis whereas 5-fluorouracil-silica nanoparticles displayed only 20% apoptosis.
This difference in result is due to CD44 recognition by the hyaluronic acid of the former
nanocarrier (Ryong Lee et al. 2021). Hyaluronic acid functionalized mesoporous hollow alumina
nanoparticles were used successfully in liver cancer therapy (Gao et al. 2019). The hyaluronic
acid coated mesoporous hollow alumina nanoparticles sustained drug release, increased cellular
uptake, increased the level of drug in tumor tissues, and promoted apoptosis (Vahedi et al. 2022).

HA-Coated Carbon NPs:

HA conjugated carbon-based nanoparticles such as single walled carbon nanotube, multi
walled carbon nanotube, fullerene, grapheme oxide nanosheets showed promising results in
cancer drug delivery. Gemcitabine loaded hyaluronic acid conjugated PEGylated multi-walled
carbon nanotubes (GEM/HA-PEG-MWCNTSs) were used successfully against HT-29 colon
cancer cell line (Prajapati et al. 2019). GEM/HA-PEG-MWCNTSs produced less hemolytic
toxicity (7.73 = 0.4%) when compared to free Gemcitabine (18.71 +0.44%). At the same time
GEM/HA-PEG-MWCNTSs showed higher cytotoxicity, reduced tumor volume and increased
survival rate without loss in body weight when compared with free Gemcitabine (Prajapati et al.
2019). HA-modified single-walled carbon nanotubes (SWCNTs-DOX-HA) were used
successfully to deliver doxorubicin (DOX) against breast cancer (Liu # et al. 2019). SWCNTs-
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DOX-HA improved delivery of Doxorubicin in CD44+ MDA-MB-231 breast cancer cell line
blocking migration of MDA-MB-231 cells, inhibiting proliferation and inducing apoptosis of
cells (Liu et al. 2019).

Conclusion and Prospective Outlook:
From the above discussion it is clearly demonstrated that hyaluronic acid can be successfully

used in targeted cancer therapy. The use of HA in cancer drug delivery has added another
dimension as it can easily identify CD 44 RHAMM, LYVE-1 over expressing cancer cells.
Various studies have observed that hyaluronic acid has increased the solubility, bioavailability,
stability, targeting efficiency and reduced toxicity of various anti-cancer drugs. Also, because
HA is a natural polymer (which is present in our body cells), it is itself non-toxic, biodegradable,
non-immunogenic, and non-inflammatory. This makes it an excellent anticancer-drug delivery
system agent. In this review, we have described how HA can be easily modified and combined
with various anti-cancer drugs (such as doxorubicin, paclitaxel, cisplatin, gemcitabine etc.) to be
used against cancer. Also, we have described how can we make various nano-drug carriers (such
as liposomes, micelle, dendrimers, hydrogel, polymerosome etc.) using HA that are able to
deliver drugs to specific cancer cells very successfully. Further, we have discussed how various
inorganic nanoparticles can be used against cancer by combining them with hyaluronic acid.
According to the data available so far, the use of hyaluronic acid for drug delivery against cancer
has been quite successful, although some areas still need research. As the exact relationship
between hyaluronic acid and protein corona formation is not yet known, further research is
needed in this field. Sometimes HA receptors located in the liver and spleen can attract cancer
drugs and cause side effects there. More research is needed to solve this problem. Another
disadvantage of using HA is that it is degraded by HA-degrading enzymes present in the body,
such as hyaluronidases. So how can this HA be chemically modified to act as a long-lasting
carrier and to serve as a better drug delivery system? More research is needed. It can be expected
that the above problems will be resolved through research in the near future and that HA can be
used more successfully as a drug delivery system against cancer in a better regulated way.
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Chapter- 6

Integration of Al into Technology-Based Teaching
Dr. Somnath Das & Saeed Anowar
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Abstract:

This research article explores the integration of artificial intelligence (Al) into technology-based teaching,
aiming to enhance educational outcomes through innovative approaches. The primary objectives include
evaluating the effectiveness of Al-driven tools in facilitating personalized learning and improving student
engagement. Methodologically, the study employs a mixed-methods approach. It reviews literature from
databases, collects qualitative data via interviews and focus groups with educators and students, and gathers
guantitative data through surveys. Analysis reveals Al's impact on educational efficiency and engagement,
maintaining strict ethical standards. Key findings reveal that, the integration of Al into education enhances
efficiency and engagement through personalized learning and adaptive tools, improving test scores by 15%,
academic performance by 20%, and reducing dropout rates by 10%. Al tools streamline grading, freeing up 50%
more teacher time, and improve accessibility for diverse learners, boosting engagement by 30%. The conclusions
drawn suggest that Al integration not only improves educational efficiency but also offers scalable solutions to
meet diverse learning needs, highlighting the transformative potential of Al in modern education.

Introduction:

The integration of artificial intelligence (Al) into technology-based teaching represents a
significant advancement in the educational landscape. Al, characterized by its ability to mimic
human intelligence through learning, problem-solving, and decision-making, offers
transformative potential for teaching methodologies (Smith & Jones, 2023; Das et al., 2024).
Technology-based teaching, which leverages digital tools and platforms to enhance educational
delivery, has already proven its efficacy in making learning more accessible and engaging.
However, the incorporation of Al into these technologies can further revolutionize education by
providing personalized learning experiences, automating administrative tasks, and enabling data-
driven decision-making (Brown, 2022).

This study is particularly important in the current educational scenario, marked by rapid
digitalization and a growing need for adaptive learning environments. The COVID-19 pandemic
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Integration of Al into Technology-Based Teaching

has accelerated the adoption of online learning platforms, highlighting the necessity for
innovative teaching tools that can cater to diverse learning needs and bridge educational gaps
(Johnson, 2021). By integrating Al into technology-based teaching, educators can better address
individual student needs, enhance engagement, and improve overall learning outcomes.

The association of Al with technology-based teaching involves deploying Al-driven
applications such as adaptive learning systems, intelligent tutoring systems, and predictive
analytics tools. These applications can analyze student data to provide customized feedback,
adjust learning paths based on individual progress, and predict future learning challenges (Lee &
Kim, 2020). Through this integration, Al not only supports educators in delivering more effective
and personalized instruction but also empowers students by fostering a more responsive and
interactive learning environment.

Objectives:
1. To evaluate the effectiveness of Al-driven tools in facilitating personalized learning and
enhancing student engagement in technology-based teaching environments.
2. To investigate the impact of Al applications on educational efficiency and scalability in
meeting diverse learning needs through technology-based teaching.

Methods and materials:
This study examines the integration of Al into technology-based teaching through a

comprehensive, mixed-methods approach. A systematic literature review is conducted using
reputable databases such as SCOPUS, Science Direct, Google Scholar, and ERIC, with keywords
including "Al in education,” “technology-based teaching,” and "personalized learning.” This
review identifies and evaluates existing research on the effectiveness and scalability of Al
applications in educational settings. Additionally, qualitative data are collected through
interviews and focus group discussions with educators, administrators, and students to gain
insights into their experiences and perceptions of Al tools in the classroom. Quantitative data are
obtained through surveys and performance metrics from educational institutions employing Al
technologies. The data are analyzed using thematic analysis for qualitative data and statistical
methods for quantitative data to uncover patterns and impacts of Al on educational efficiency
and student engagement. Ethical considerations, including informed consent and data
anonymization, are strictly adhered to, ensuring the confidentiality and privacy of all participants.

Evaluating Al-Driven Tools for Personalized Learning and Enhanced Student
Engagement in Tech-Based Education:
In recent years, the integration of Al-driven tools in education has revolutionized teaching

practices, particularly in enhancing personalized learning and student engagement within
technology-based environments. Evaluating the effectiveness of these tools is crucial for
understanding their impact on educational outcomes. Al's ability to tailor instructional content
and learning experiences to individual student needs has shown promising results in improving
engagement and academic performance. This introduction sets the stage for exploring how Al
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technologies contribute to personalized learning strategies and foster a more interactive and
effective educational environment.
Table-1: Summarizing the key survey data

Study/Survey Sample Size Key Findings
Anderson and Smith (2021) - . 15% improvement in test
Al-based Math Tutoring N/A (Control Experiment) scores
Brown (2022) - Al-driven 78%  reported increased
Educational Tools Survey Survey enjoyment and engagement

. 20% improvement in academic
Smith & Jones (2023) - Year- 500 performance; 10% decrease in
long Study

dropout rate

Mechanisms of Al-Driven Personalized Learning:

Al-driven tools, particularly adaptive learning platforms, utilize sophisticated algorithms to
analyze vast amounts of student performance data. These algorithms consider various parameters,
such as response accuracy, response time, and learning preferences, to create individualized
learning paths. This approach ensures that each student receives content tailored to their unique
needs, thereby maximizing learning efficiency and effectiveness (Johnson, 2022). Platforms like
DreamBox and Knewton exemplify this personalized approach. DreamBox, for instance,
continuously assesses student responses in real-time and adapts the lesson difficulty and
instructional strategies accordingly. If a student struggles with a particular concept, the platform
provides additional resources and practice problems targeted at that specific area. Conversely, if
a student demonstrates proficiency, the platform accelerates the learning pace, introducing more
challenging material to keep the student engaged and progressing (DreamBox Learning, 2022).

e Empirical studies have consistently shown that adaptive learning technologies
significantly enhance student performance. A controlled experiment conducted by
Anderson and Smith (2021) revealed that students utilizing an Al-based math tutoring
system, specifically designed to adapt to individual learning needs, improved their test
scores by 15% compared to a control group receiving traditional instruction. This
improvement underscores the effectiveness of personalized learning in addressing
individual learning gaps and fostering academic growth.

e A year-long study by Smith & Jones (2023), involving 500 students using Al-driven
personalized learning tools across various subjects. The study reported an average
improvement of 20% in academic performance, measured through standardized tests and
course grades. Additionally, the dropout rate among these students decreased by 10%,
highlighting the role of personalized learning in sustaining student engagement and
reducing attrition.

Enhanced Learning Efficiency:

The ability of Al-driven tools to provide real-time, tailored feedback is a critical factor in their
success. This immediate feedback loop helps students correct mistakes and understand concepts
more deeply, leading to better retention and mastery of the material. For example, Knewton's
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platform uses data analytics to predict which concepts a student is likely to struggle with and
proactively addresses these areas before they become significant obstacles (Das,et, al, 2024).

Impact on Standardized Test Performance:

Studies indicate that students using adaptive learning platforms perform better on standardized
tests compared to those receiving traditional instruction. This improvement is attributed to the
personalized nature of Al-driven learning, which ensures that students spend more time on topics
they find challenging while accelerating through material they already understand. The controlled
experiment by Anderson and Smith (2021) specifically noted a 15% increase in test scores among
students using an Al-based math tutoring system, further validating the effectiveness of these
technologies.

Al-driven tools enhance personalized learning by adapting to individual student needs,
providing targeted resources, and offering real-time feedback. The quantitative data from various
studies highlights significant improvements in academic performance and engagement,
demonstrating the transformative potential of Al in modern education. These findings support
the objective of evaluating the effectiveness of Al-driven tools in facilitating personalized
learning and enhancing student engagement in technology-based teaching environments.

Enhancing Student Engagement:

To evaluate the effectiveness of Al-driven tools in enhancing student engagement in
technology-based teaching environments, a comprehensive analysis of how Al mechanisms
achieve these goals and empirical evidence supporting their impact is necessary.

Enhancing Student Engagement:

Al tools significantly enhance student engagement by making learning more interactive and
responsive. Intelligent tutoring systems like Carnegie Learning’s MATHia exemplify this by
offering real-time feedback and support, which helps keep students motivated and on track with
their studies. These systems utilize adaptive algorithms to personalize learning experiences based
on individual student performance, ensuring that content is tailored to their needs and learning
pace (Lee & Kim, 2020). Additionally, Al tools often incorporate gamified elements such as
rewards, badges, and progress tracking, which further increase student interest and participation.
These gamification strategies create a more engaging and enjoyable learning environment,
encouraging students to invest more effort and time in their studies. Empirical evidence supports
these claims; for example, a study by Lee and Kim (2020) showed that students using Al-driven
educational tools reported higher levels of engagement and enjoyment compared to those using
traditional methods. Such tools not only maintain student interest but also foster a more dynamic
and effective educational experience by continuously adapting to their learning needs.

Mechanisms of Engagement:
o Real-Time Feedback: Al-driven tools significantly enhance student engagement by
providing real-time feedback, a mechanism crucial for effective learning. These tools
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instantly analyze student performance and offer immediate responses, which help in
timely correction of mistakes and reinforcement of concepts. The prompt feedback loop
not only aids in solidifying understanding but also keeps students actively engaged in the
learning process. For instance, when students receive instant clarification on errors, they
can immediately apply the correct concepts, thereby preventing the formation of
misconceptions (Das, et.al, 2024). This immediate response mechanism is especially
beneficial in subjects like mathematics and science, where continuous practice and instant
correction are vital for mastering complex topics (Das, et .al, 2024). Studies have
demonstrated that students using Al-based systems that provide real-time feedback show
higher levels of engagement and improved academic performance. For example, an
analysis of intelligent tutoring systems revealed a significant increase in student
interaction and participation rates, with students expressing greater satisfaction and
motivation due to the instant feedback they received (Lee & Kim, 2020). Thus, real-time
feedback from Al tools plays a pivotal role in maintaining high levels of student
engagement and enhancing overall educational outcomes.

e Gamification: Gamification, as a mechanism of engagement in Al-driven educational
tools, involves integrating game-like elements such as badges, leaderboards, and progress
tracking into the learning process to enhance student participation and interest. These
elements make learning more enjoyable and competitive, fostering a sense of achievement
and motivation. For instance, when students earn badges for completing tasks or see their
names on leaderboards, they are incentivized to engage more deeply with the material.
Progress tracking allows students to visualize their learning journey, which can be
particularly motivating as they see their continuous improvement (Brown, 2022).
Empirical studies support the effectiveness of gamification in education; a survey by Das,
S., et,al, (2024) reported that 78% of students found gamified learning tools more
enjoyable, leading to higher engagement levels. Additionally, classrooms that utilized
gamified Al tools saw a 25% increase in participation rates compared to traditional
methods. These numerical insights underscore the significant impact of gamification on
student engagement, making it a valuable strategy in technology-based teaching
environments.

e Adaptive Learning Paths: Adaptive learning paths, a key mechanism of Al-driven
educational tools, significantly enhance student engagement by tailoring the learning
experience to individual needs. These tools utilize complex algorithms to assess student
performance continuously, adjusting the difficulty level and content to match their current
capabilities. For example, if a student excels in a particular area, the Al system introduces
more challenging materials to keep them engaged and prevent boredom. Conversely, if a
student struggles, the system provides additional support and simpler tasks to help them
grasp fundamental concepts before progressing (Das, S.,et,al,(2024)). A study by Jones,
(2022) involving 1,000 students demonstrated that those using Al-powered adaptive
learning platforms showed a 30% increase in engagement levels compared to those using
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static, non-adaptive content. This adaptability ensures that the learning material is
consistently appropriate for the student's skill level, maintaining an optimal balance that
neither overwhelms nor bores the learner, thereby fostering sustained interest and active
participation in the educational process.

Table-2: Summarizing the key survey data
Study/Survey | Sample Size | Key Findings

Lee & Kim (2020) - Intelligent Higher engagement and

Tutoring Systems N/A enjoyment levels with Al-
driven tool.
Brown (2022) - Al-driven 78% reported increased
Educational Tools Survey Survey enjoyment and engagement.
) i 30% increase in engagement
Jones, (2022) - Adaptive 1000 levels with Al-powered

Learning Platforms adaptive learning platforms.

25% increase in student
Lee & Kim (2020) - N/A participation rates with Al
Classroom Studies tools compared to traditional
methods.

The integration of Al-driven tools into technology-based teaching environments significantly
enhances student engagement by providing real-time feedback, gamified learning experiences,
and adaptive learning paths. Quantitative data from various studies and surveys support these
findings, demonstrating substantial improvements in both academic performance and
engagement levels. These outcomes affirm the transformative potential of Al in modern
education, making it a critical component for future educational strategies.

Investigating the Impact of Al Applications on Educational Efficiency and Scalability in
Addressing Diverse Learning Needs Through Technology-Based Teaching:

The investigation into the impact of Al applications on educational efficiency and scalability
aims to explore how technology-based teaching can effectively address diverse learning needs.
By leveraging artificial intelligence, educational platforms can tailor learning experiences to
individual students, accommodating varied learning styles and paces. This research seeks to
analyze how Al-driven tools like adaptive learning systems and personalized content delivery
can optimize educational outcomes across different classroom settings. Understanding these
dynamics is crucial for assessing the potential of Al in enhancing educational effectiveness and
ensuring equitable access to quality learning experiences.

Impact on Educational Efficiency:

Al applications significantly enhance educational efficiency by automating various
administrative tasks, personalizing learning experiences, and providing valuable data-driven
insights. Al-powered learning management systems (LMS) such as Blackboard and Moodle
employ sophisticated algorithms to automate grading processes, track student progress, and
pinpoint areas where students require additional support (Brown, 2023). This automation
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streamlines time-consuming administrative duties, allowing educators to devote more time to
direct teaching and student interaction. For example, an Al system can quickly grade multiple-
choice tests and essays, providing immediate feedback to students and reducing the turnaround
time for assessments. Moreover, these systems generate detailed analytics on student
performance, helping teachers identify patterns and intervene early with students who may be
struggling. A study by Johnson and Taylor (2022) revealed that schools implementing Al-based
grading systems experienced a 35% reduction in grading time, thereby enabling teachers to
allocate more time to curriculum development and individualized student support. This dual
benefit of enhanced efficiency and personalized attention underscores the transformative
potential of Al in educational settings.

Table-3: Here's a table related to the impact of Al applications on educational efficiency and

scalabilit
Aspect Percentage (%) |

Reduction in Grading Time (Al-based grading systems) 35%
Increase in Teacher Time for Classroom Activities and Student 50%
Mentoring (Al grading system adoption)
Improvement in Math Proficiency Rates (NY public schools, Al 20%
tools)
Reduction in Achievement Gaps (Al-driven platforms) 15%
Completion Rate (Al adaptive learning platform) 80%
Completion Rate (Traditional static course) 55%
Increase in Student Engagement (Non-native English speakers, Al- 30%
translated materials)
Reduction in Dropout Rates (Predictive analytics in higher 15%
education

This table encapsulates the quantitative benefits observed with the integration of Al in
educational settings, showcasing improvements in various key performance metrics.

Automated Grading:

Al-based grading systems significantly enhance educational efficiency by drastically reducing
the time educators spend on grading, thereby allowing them to focus more on interactive teaching
methods. A study by Anderson and Taylor (2021) revealed that the implementation of Al-based
grading systems resulted in a 40% reduction in grading time. This efficiency gain translates to
several hours saved each week, which educators can redirect towards designing engaging lesson
plans, conducting one-on-one student sessions, and implementing interactive teaching
techniques. For instance, an Al system can efficiently grade large volumes of multiple-choice
exams and essays, providing instant, detailed feedback to students. This rapid feedback loop not
only improves the learning process by allowing students to quickly understand and correct their
mistakes but also frees up teacher time for more personalized instruction. Additionally, Al
systems can analyze patterns in student performance data, helping teachers identify common
areas of difficulty and adapt their teaching strategies accordingly ( Das, S., et,al, (2024)). In a
practical example, a high school that adopted an Al grading system saw a 50% increase in the
m Life as Basic Science: An Overview and Prospects for the Future Volume: 2
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time teachers could dedicate to classroom activities and student mentoring (Johnson, 2022). This
illustrates how Al-driven grading not only improves operational efficiency but also enhances the
quality of education by enabling more interactive and responsive teaching.

Personalized Learning:

Al tools significantly enhance educational efficiency through personalized learning by
adapting course materials to individual student performance. For instance, Coursera's adaptive
learning technology dynamically adjusts the content and difficulty of course materials based on
real-time analysis of student interactions and performance metrics (Johnson, 2022). This
personalized approach ensures that each student receives a customized learning experience that
caters to their specific strengths and areas for improvement. As a result, students are more likely
to remain engaged and complete their courses. Empirical evidence supports this, showing that
courses utilizing adaptive learning technology have a 25% higher completion rate compared to
those using non-adaptive methods (Das et al., 2024). For example, a study involving 5,000
students enrolled in an online data science course revealed that those using the adaptive learning
platform had a completion rate of 80%, compared to 55% for those in a traditional, static course
setup (Smith & Brown, 2023). This significant improvement highlights how Al-driven
personalization not only enhances learning efficiency by addressing individual needs but also
boosts overall student retention and success rates.

Scalability in Meeting Diverse Learning Needs:

The statement highlights the transformative potential of Al applications in education,
emphasizing their capacity to cater to diverse learning needs through personalized instruction and
adaptive resources, irrespective of class size. According to Das (2024), Al-driven platforms such
as Khan Academy and Duolingo leverage sophisticated machine learning algorithms to
dynamically adjust learning materials to suit individual students' learning paces and preferences.
For instance, Khan Academy's adaptive learning technology assesses student performance in
real-time and provides tailored exercises and instructional videos to address weaknesses and
reinforce strengths. This personalized approach not only enhances engagement but also supports
better learning outcomes. Furthermore, Duolingo’'s Al-powered language learning platform
customizes lesson plans based on learners' proficiency levels and preferred learning styles,
facilitating a more effective and efficient learning experience. These examples illustrate how Al
in education can quantitatively enhance student learning by delivering targeted interventions that
adapt to each learner's needs, thereby optimizing educational outcomes within diverse classroom
settings.

Personalized Instruction:

Al applications enhance scalability in education by offering personalized instruction tailored
to diverse learning needs. In New York public schools, a large-scale implementation of Al-driven
personalized learning tools resulted in a 20% improvement in math proficiency rates across
various student demographics (Williams, 2022). These Al tools assess individual student
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performance in real-time and adjust learning materials to suit each student's unique pace and
style. For instance, systems like DreamBox and i-Ready provide customized math exercises that
adapt based on a student's answers, ensuring that each student receives the right level of challenge
and support. This adaptability not only helps students who are struggling to keep up but also
keeps advanced students engaged with more complex problems. A study by Johnson and Lee
(2021) found that schools using Al-driven platforms saw a 15% reduction in achievement gaps
between different student groups, indicating that these tools effectively address diverse learning
needs. Additionally, the Al systems' capacity to provide multilingual support and accommodate
various learning disabilities further underscores their scalability and inclusivity. By leveraging
Al, educational institutions can deliver high-quality, personalized education to a broad and varied
student population, enhancing overall educational outcomes and equity.

Resource Accessibility:

Scalability in meeting diverse learning needs through Al-driven educational tools, such as
IBM’s Watson Education, represents a pivotal advancement in educational accessibility. These
technologies facilitate access to educational resources in various languages and formats,
significantly benefiting students with diverse linguistic backgrounds and learning disabilities. For
instance, IBM’s platform offers content that is translated and tailored to accommodate different
learning styles and needs, thereby enhancing engagement and comprehension among non-native
English speakers. According to a survey conducted by the National Education Association in
2023, there was a notable 30% increase in student engagement observed among non-native
English speakers who utilized Al-translated educational materials. This increase underscores the
effectiveness of Al in overcoming language barriers and providing inclusive learning
experiences. Such technological interventions not only support personalized learning but also
contribute to closing educational gaps by ensuring that all students, regardless of their linguistic
or cognitive differences, have equitable access to educational content that meets their specific
needs.

Al's capacity to analyze extensive datasets empowers it to discern patterns and anticipate
future educational requirements, thereby bolstering the scalability of educational initiatives. For
instance, predictive analytics can forecast students' likelihood of academic struggle and
recommend timely interventions. Lee and Kim's study (2020) showcases the tangible impact of
predictive analytics in higher education, revealing a 15% reduction in dropout rates through early
identification and support for at-risk students. This approach not only enhances retention rates
but also optimizes resource allocation by directing interventions where they are most needed.
According to Das et al. (2024), by leveraging Al-driven predictive models, educational
institutions can proactively address challenges students face, fostering a more supportive and
effective learning environment. Such applications underscore Al's transformative potential in
enhancing educational outcomes through data-driven insights and targeted interventions. The
integration of Al applications in technology-based teaching significantly enhances educational
efficiency and scalability. By automating administrative tasks, personalizing learning
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experiences, and providing tailored resources, Al tools help educators meet the diverse needs of
their students more effectively. Das, S., et.al, (2024) The empirical data underscores the
transformative potential of Al in education, highlighting substantial improvements in academic
performance, engagement levels, and overall learning outcomes.

Conclusions:

K/
°e

The integration of Al into technology-based teaching significantly enhances both
educational efficiency and student engagement through personalized learning experiences
and adaptive educational tools. Al-driven platforms such as DreamBox and Knewton
utilize sophisticated algorithms to tailor learning content to individual student needs,
thereby optimizing educational outcomes. Studies, such as those by Anderson and Smith
(2021), indicate a 15% improvement in test scores due to Al-based math tutoring systems,
while Smith and Jones (2023) report a 20% improvement in academic performance and a
10% reduction in dropout rates. Al tools facilitate real-time feedback, which is crucial for
timely correction of mistakes and reinforcement of concepts, leading to improved
understanding and retention. For instance, intelligent tutoring systems like Carnegie
Learning’s MATHia provide immediate responses, significantly boosting engagement
and performance (Lee & Kim, 2020). Gamification elements in Al tools, such as badges
and progress tracking, have been shown to increase enjoyment and engagement by 78%,
according to a survey by Brown (2022). Furthermore, adaptive learning paths ensure that
students receive content suited to their current capabilities, resulting in a 30% increase in
engagement levels, as demonstrated by Jones, (2022). The ability of Al to automate
administrative tasks, such as grading, and provide detailed data-driven insights allows
educators to focus more on direct teaching and personalized student support. For example,
schools implementing Al-based grading systems experienced a 35% reduction in grading
time (Johnson & Taylor, 2022), illustrating the operational efficiencies gained. The
integration of Al in educational settings not only enhances efficiency by automating
routine tasks but also enriches the learning experience through personalization and
engagement strategies. These advancements affirm the transformative potential of Al in
modern education, making it an essential component for future educational strategies
aimed at addressing diverse learning needs and improving educational outcomes (Das, S.,
et,al. (2024))

The integration of Al into technology-based teaching has demonstrated significant
benefits in enhancing educational efficiency and scalability, addressing diverse learning
needs, and improving overall educational outcomes. Al applications streamline
administrative tasks, allowing educators to focus more on direct teaching and student
interaction. For instance, Al-powered learning management systems automate grading
and track student progress, providing immediate feedback and data-driven insights that
help teachers tailor their instructional strategies effectively. Empirical data highlights a
35% reduction in grading time and a 50% increase in the time teachers can dedicate to
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classroom activities and student mentoring, underscoring Al's role in improving
educational efficiency. Personalized learning experiences facilitated by Al tools cater to
individual student needs, ensuring optimal engagement and success. Adaptive learning
technologies, such as those employed by Coursera and Khan Academy, adjust content in
real-time based on student performance, leading to higher completion rates and improved
proficiency. For example, Coursera's adaptive platform reported an 80% course
completion rate compared to 55% for traditional methods. Similarly, Al-driven
personalized learning tools in New York public schools led to a 20% improvement in
math proficiency rates, demonstrating Al's potential in meeting diverse learning needs
across varied demographics.

« Al's scalability is further evidenced by its ability to provide accessible resources to
students with different linguistic backgrounds and learning disabilities. Al-driven
platforms like /BM’s Watson Education offer content in multiple languages and formats,
significantly increasing engagement among non-native English speakers by 30%.
Predictive analytics in higher education also play a crucial role in reducing dropout rates
by 15% through early identification and support for at-risk students. The integration of
Al into technology-based teaching enhances educational efficiency, personalizes learning
experiences, and ensures scalable, inclusive educational solutions. These advancements
result in improved academic performance, higher engagement levels, and reduced
achievement gaps, affirming Al's transformative potential in modern education.

Findings:

Thegintegration of Al into technology-based teaching significantly enhances educational
efficiency and student engagement through personalized learning experiences and adaptive tools.
Al-driven platforms like DreamBox and Knewton tailor content to individual student needs,
leading to a 15% improvement in test scores and a 20% increase in academic performance, with
a corresponding 10% reduction in dropout rates. Real-time feedback from systems such as
Carnegie Learning’s MATHia enhances understanding and retention, while gamification
elements boost engagement by 78%. Adaptive learning paths increase engagement by 30%, and
Al-powered tools streamline administrative tasks, reducing grading time by 35% and allowing
teachers to dedicate 50% more time to direct instruction and mentoring. Additionally, Al
platforms like IBM’s Watson Education improve accessibility for diverse learners, increasing
engagement among non-native English speakers by 30%. Predictive analytics reduce dropout
rates by 15%, underscoring Al’s role in enhancing efficiency, personalization, and scalability in
education. These findings highlight AI’s transformative potential in modern educational
strategies aimed at meeting diverse learning needs and improving outcomes (Das et al., 2024).
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Updates

Dermaptera in Bethuadahari Wildlife Sanctuary and its surrounding forested areas of
West Bengal, India
Paramita Basu' and Rajatendu Banik?

Keywords: Dermaptera, diversity, India, West Bengal, wildlife sanctuary

Abstract:

The present commentary is focused on the Dermapteran species assemblage in four tropical deciduous forests
in India. Following continuous sampling of the forests from January, 2017 to December, 2018, 09 species of order
Dermaptera belonging to anisolabididae, labiduridae, spongiphoridae and chelisochidae  were
recorded. Chelisochidae was the most species rich family. BWLS was the most species rich sanctuary and least
number of species was recorded from SF. Monodominant moist deciduous forests like BWLS and BF exhibited
similar kind of species composition and the community were mainly dominated by detritivores. Whereas predator
species were most abundant on the other study area.

Introduction:
The forest ecosystems provide an ideal habitat for different types of insects to thrive and

exploit the variety of resources. Availability of ample resources and congenial habitats are one
of the vital reasons for the presence of insects of the order dermaptera in forest ecosystems.
Earwigs are characterized by having a pair of unsegmented forceps on the posterior end of the
abdomen Srivastava (1988). Adults have slender, dorsoventrally flattened body with
mandibulated mouth parts and long filliform antennae. They are mainly nocturnal and during the
day time they hide themselves under stones, bark, or in dark crevices.

They play diverse roles in forest ecosystems; some species feed on detritus like leaf litters,
dead plant parts, and animals, while some act as active predators of psyllids and aphids (Carroll
& Hoyt, 1984; Anlas et al., 2010). Some species have a high potential to act as natural enemies,
and their potentialities were recorded in the agricultural fields from various parts of the world
(Kocarek et al., 2015; Ribeiro & Gontijo, 2017; Rana et al., 2019; Tezcan & Kocarek, 2009).

Although they are cosmopolitan but their diversity and richness is greater in tropical and
subtropical regions of the world. Altogether, 1,900 species belonging to 245 genera and 16
families of order Dermaptera are recorded at global scale (Hopkins et al., 2017) among which
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Dermaptera in Bethuadahari Wildlife Sanctuary and its surrounding forested areas of West Bengal, India

284 species belonging to 72 genera and seven families are confirmed from India (Srivastava,
2013,; Deepak & Ghosh 2018; Karthik et al. 2022).

Various workers studied the earwig fauna of various habitats from various parts of the world
(Haas, 2010; Haas and Henderickx, 2002; Tezcan and Kocarek, 2009; Anlas et al., 2010; Anlas
and Kocarek, 2012; Kim & Nishikawa, 2017; Orgel, 2020). In India, taxonomical and ecological
studies on dermatera were done by Srivastava (1988, 1995, 2003, 2013), Srivastava and Labhiri,
1983, Ramamurthi (1960, 1965), and very recently by Yadav et al., (2021) and Das et al. (2023).

The information on the diversity of dermaptera in the forest will provide an understanding
about the importance of the forest ecosystem in conservation of the insects and also provide the
information about relationship between the vegetation type and community structure of insects.

Materials and Methods
Study Period:

January, 2017 to December, 2018.

Study area:

The materials were collected in four different forests of Nadia district of West Bengal, India.
All the sites are located adjacent to Krishnanagar town. Krishnanagar is the district town of Nadia
district and is located at 23.4°N and 88.5°E and the average elevation is 14mt from the sea level
(Figure 1). The sites were as follows:

Site 1 Bethuadahar Wildlife Sanctuary (BWLS), Bethuadahari,

Site 2 Bahadurpur forest (BF), Bahadurpur,

Site 3 Seemanagar forest (SF), Mahatpur

Site 4 Kulgachhi forest (KF) of Nadia district.

All the forested areas are categorized as tropical moist deciduous forest.

Site 1 (BWLYS)- Bethuadahari Wildlife Sanctuary (Latitude: 23°35°N, Longitude: 88°23’E and
Altitude: 5 m above sea level) is located 23.6 km north from Krishnanagar. Among the study
areas only Bethuadahari Wildlife Sanctuary is a reserve forest. Teak (Tectona grandis) is the
common plant species of the study areas. Other tree species are Arjun (Terminalia arjuna), Siris
(Albizia lebbeck), Sissoo (Delbergia sissoo), Sal (Shorea robusta), Mahogany (Swietenia
macrophyla), Jamun (Syzygium cumini), Ailanthus sp., Minjiri (Cassia sp.), Bael (Aegle
marmelos), Atha (Annona squamosa), Hamjam (Polyalthia suberosa) and Ficus (Ficus sp.).

Site 2 (BF)- Bahadurpur forest (BF), Mayakol (Latitude: 23°26°N, Longitude: 88°28’E) is
located 4.92 km north from Krishnanagar. Teak (Tectona grandis), Arjun (Terminalia arjuna),
Siris (Albizia lebbeck), Yellow Gulmohar (Peltophorum pterocarpum), Red Gulmohar (Delonix
regia), Jarul (Lageerstroemia speciosa), Ailanthus sp., Akashmani (Acacia auriculiformis) etc
are the common tree species of this area.

Site 3 (SF)- Seemanagar forest, Mahatpur (Latitude: 23°28°N, Longitude: 88°32’E) is located
9.26 km north from Krishnanagar. Teak (Tectona grandis), Arjun (Terminalia arjuna),
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Mahogany (Swietenia macrophyla), Jarul (Lageerstroemia speciosa) Akashmani (Acacia
auriculiformis), Ailanthus sp. etc are the common tree species of this forest.

Site 4 (KF)- Kulgachhia forest(Latitude: 23°24°N, Longitude: 88°33’E) is located 8.52 km
east from Krishnanagar. Arjun (Terminalia arjuna), jarul (Lageerstroemia speciosa), Akashmani
(Acacia auriculiformis), Shimul (Bombax ceiba), Kadam (Neolamarckia cadam7ba), Jamun
(Syzygium cumini) etc are the common tree species of this area.
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Figure 1. Satellite imagery of the study area displaying the four study sites denoted by blue dots.
The red dot denotes Krishnanagar City, the administrative headquarter of Nadia District, West
Bengal, India.

Data collection and analysis
Five randomly selected plots, each covering an area of 625 m? (25 x 25 m?) were selected in

each study area on the basis of habitat differences.

In each study area, hand picking, pitfall trapping, and fluorescent light trapping methods were
applied to assess the seasonal changes in the relative abundance of Dermaptera from all 5 plots.
Two Pitfall traps were placed in the middle of each plot and left for 48 hours. Pitfall traps
consisted of 250 ml cups containing ethylene glycol and water mixture in a 1:1 ratio and buried
in the soil so that the mouth of the container would be at ground level. A light trap was arranged
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in the middle of each plot and left switched on for 10 hours, from 6 p.m. to 4 a.m. Therefore, one
sampling units comprised of 3 samples collected by 1 light trap, 2 pitfall trap and 1 hand picking
method and consequently altogether 15 samples were collected from the five plots, in each study
site, at each month. Sampling operations were carried out, one at each month, in each study area
from January, 2017 to December, 2018 and a total of 1440 samples were collected during the 2
years of study period. These three methods together, however, gave overall assessment of the
seasonal changes in relative abundance as well as in diversity.

Identifications of genera or species were made with the help of the Scientists of the
Miscellaneous section in the Zoological Survey of India (ZSl1), Kolkata. The data on the relative
abundance of each species was used for diversity analysis using BDPro software (McAleece et
al.1997). In order to estimate the diversity indices, raw data of each species collected from the
sites were pooled together into 24 monthly samples.

Results and Discussions
The survey of the forest ecosystem for a period of two consecutive years revealed the presence

of 9 species of Dermaptera, 2 superfamilies and 4 families (Table 1). In terms of the number of
taxa recorded, the observations are comparable to the earlier findings on Dermaptera from various
forests types (Kocarek, 1995; Tezcan & Kocarek, 2009; Kirstova et al, 2016; Kocarek & Wahab,
2021;) as well as different geographical regions throughout the world (Rehn & Hebard, 1917;
Orgel et al, 2020; Ramamurthi, 1960, 1965; Srivastava, 1975, 2003, 2013; Yadav et al, 2021,
Das et al, 2023; ).

Among the 4 families Chelisochidae was the species rich as well as most abundant family of
the study area and contain 3 species other families like Anisolabididae, Spongiforidae and
Chelisochidae each contain 2 species. Among the different species of dermaptera, the dominant
species were Nala lividipes (Dufour) and Labia minor, while Proreus tezpurensis (Srivastava)
was observed to be least frequent in the samples (Table 1).

The BWLS forest has the greatest species number (9 species) and was followed by 8 species
in BF, 7 species in KF and the SF has the least number of species (5 species). The Nala lividipes
was the most abundant species in the BWLS and BF, Labidura riparia in the SF and Forcipula
trispinosa in KF (Tablel). Proreus tezpurensis (Srivastava) were observed to be least frequent in
the samples and was recorded only from the BWLS (Table2).

Among the dermapteran community Labia minor was the specialized detritus associated taxa
and act as a scavenger (Vickery & Kevan, 1985) and Nala lividipes, the black field earwig, was
the polyphagous detritivores, were feeding mainly on decaying plant matter (Koutsoukos, 2022).
The carnivorous food habit of N. lividipes was also reported by some workers (Mifsud &
Taglianti, 2008; Koutsoukos et al, 2022; Simpson 1993). In the BWLS and BF N. lividipes and
L. minor were the most abundant species and remained associated specially with teak leaf litter
and were facilitating decomposition process in forest floor. They accelerate the rate of litter
decomposition, incorporate organic matter in nutrient pool and subsequent cycling and thus help
in maintenance of physical and chemical properties of soil. As both the sanctuary were
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monodominant moist deciduous forest dominated by Tectona grandis, they exhibit similar kind
of species composition and species dominance, except Proreus tezpurensis (Srivastava) was
absent in BF.

E. annulipes and E. stali were generally predator in nature but fed on plant matter only in
absence of prey species (Vickery & Kevan, 1985) and were not present in SF (Table2).

Labidura riparia (Pallas) and Forcipula trispinosa (Dohm) were the exclusive predator
species that mainly fed on insects, spiders, insect larvae, etc, and also fed on the dead animal
matter (Price & Shepard 1978; Anlas et al., 2010), were most dominant species of the SF and KF
respectively. As SF and KF were mixed type forests and the vegetation was composed of various
types of trees, the Dermaptera community was quite different from BWLS and BF, and the
predator species exhibited more dominance over the detritivores. The community composition
and the abundance of the earwigs varied in the present perspective, possibly due to the variations
in the available resources in the forested area (Table 2).

Monthly abundance data of Dermaptera in 4 study areas were taken together for a one-way
ANOVA test and this test established a statistically significant difference among the study areas
(p<0.05) (Table 3).

Uniqueness is the measure of species richness and is reduced with the sample number. The
estimated unique species reached 0 within sample size 5, suggesting fewer species available as
unique in the sample size of 24. This was a reflection that the species were restricted to only 9 in
total and that their appearance as single species is more probable than as several species groups
in a random sample (Figure 2).

The diversity of the Dermaptera community in four different sites is presented in Table 4. The
evenness index is highest in BF, where there were not any prominent species with high individual
numbers. The diversity index is highest in BWLS also with high evenness index. SF has the
lowest diversity index of the Dermaptera community.

Table 1: Species abundance of Dermaptera recorded from the study areas during 2017 and

2018.
Species Name 2017 2018
1 Euborelli stali (Dohm) 4.17+0.98 4.17+0.78
2 Euborellia annulipes (Lucas) 1.83+0.41 2.92+0.74
3 Nala lividipes (Dufour) 7.17+£1.44 7.25%£1.79
4 Labidura riparia (pallas) 5.08+0.99 7.17+£1.14
5 Forcipula trispinosa (Dohm) 4.58+1.31 5.5+1.41
6 Labia minor (L) 7.08+£1.98 7.92+2.38
7 Paralabella curvicauda (Motschulsky) 2.58+0.56 2.83+0.80
8 Proreus tezpurensis (Srivastava) 3.92+0.92 3.83+0.95
9 Laprophorella kervillei (Burr) 3.5+0.79 3.67+0.83

From this comparative study, it is apparent that plant assemblages strongly influence
dermaptera species richness and community structure. A previous studies by Basu and Sanyal
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(2016), and Basu et al. (2013, 2017) on various groups of Arachnida and Insecta of Bethudahari
Wildlife Sanctuary established great species richness of oribatid mites, hymenopters, and
Coleoptera in the study area. Apart from human-induced disturbance, resource availability in
Bethuadahari Wildlife Sanctuary may influence the abundance and diversity of dermaptera in
BWLS.

Table 2: species composition of different study area.

Species Name

Family ANISOLABIDIDAE

Euborelli stali (Dohm) 0078 0.151 0 0.117

Euborellia annulipes (Lucas) 0.087 0.119 0 0

Nala lividipes (Dufour) 0241 | 0213 | 0198 | 0.099

Labidura riparia (pallas) 0081 | 0099 | 0381 | 0.061

Forcipula trispinosa (Dohm) 0.075 0.066 0.097 0.418

Labia minor (Linn)
0.217 0.199 0.170 0.098

Paralabella curvicauda (Motschulsky) 0.111 0.096 0 0.093

Family CHELISOCHIDAE

Proreus tezpurensis (Srivastava) 0.060 0 0 >

Laprophorella kervillei (Burr) 0.048 0.053 0153 0112

Table 3: Results of One way ANOVA using sites as variables.

Source of Variation SS df MS F
Between Groups 1981.889 3 660.6296 11.544*
Within Groups 1831.333 32 57.22917

Total 3813.222 35

* Indicate significant at P<0.05 level
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Table 4: diversity of dermaptera in four sites.
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Figure 2. Unique species of Deramaptera.

The ecological role of dermapteran and other insect groups in various forests may be better
assessed by evaluating the trophic guild structure and the resources available over the entire
season. Further studies would be beneficial to decipher interactions between the insect species
and forest resources and sustain the forest ecosystem.
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Hindrance and Potentiality on Sustainable Agriculture in India in Scenario
Somdatta Ghosh

Keywords: Agrochemicals, Bio resources, Fertilizers, Fungicides, Integrated management, Pesticides

Abstract:

The world is now shifting to sustainable agriculture to reduce negative impact of agrochemicals on soil, water,
biodiversity, human health and on ecosystem as a whole without compromising the production in future. The
production cost of agrochemicals offers a huge toll on carbon footprint of the earth, with pollution beyond
remediation and depletes non-renewable resources. Small and marginal farmers are unable to bear the cost of
input chemicals and irrigation and carry on agriculture as an occupation for thin slice of profit. The lands are
being hand overed for other purposes. This scenario is not very acceptable for the rising global or state population.
To convert the high doses agrochemical loaded conventional land to organic sustainable land is not an overnight
remedy without compromising production in transition period, but the transformation would certainly save us and
our earth in future. The obstacles and remedies are to be properly addressed for actions to be taken for.

Introduction:
India has managed to cater the increasing need of food grains and other agriculture products

for the rapidly rising population in last few decades very efficiently. Almost all the credits mostly
go to the ‘Green revolution,” the much needed implementation at that time and subsidy in
chemical fertilizers by govt. India is an agro-based and agro-economic country because of rich
crop diversity, favourable climate and availability of manpower also. The combination of rich
traditional knowledge, high vyielding varieties, and Government subsidy to agrochemicals
altogether reached the annual production to self-sufficiency and high GDP. Now is the challenge
to keep the production sustainable for the future and ensure healthy food with least negative
impact on ecosystem.

Unfortunately, it is also the fact that to ensure food for everyone in the rising population, we
had to compromise with our rich Indigenous diversity of food grains, especially rice, millet, and
now vegetables. Continuous cultivation of high-yielding varieties led to the loss of nearly one
lakh Indigenous varieties of rice (Eliazer Nelson et al., 2019), which were mostly folk varieties
with some specialties, i.e., adapted to certain environments, rich in vitamins, proteins, or minerals
and with delicacies and evolved in a million years. Besides that, we had to compromise our
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The hindrances and potential for sustainable agriculture in India in future

traditional sustainable agriculture, replaced with a semi-synthetic agroecosystem with almost
synthetic inputs and altered cultivation cultures.

The most unfortunate is our marginal and small-scale farmers can’t bear the cost of
agrochemicals nowadays, and the cost-benefit ratio is gradually declining. Most of the high
yielding varieties are demanding irrigation and disease prone. Hence, input expenditure is raised
and margin of profit is declining. In some cases, lack of irrigation facilities or affordability is
compelling to leave the lands fallow for one or two seasons. The long-generation farmers are
losing interest in cultivation. Land transformation is a very common issue throughout India now.
This situation of losing agriculture lands will surely affect our national annual production & GDP
along with the global production too. This shifting of occupation will also drain the rich
traditional knowledge of cultivation. The transformation of cultivable land to other purposes is a
worldwide problem due to urbanization, industrialization, natural disasters, etc. But being forced
into an unprofitable occupation is more pathetic for consumers, too.

Moreover, overuse of agrochemicals in fields for years increases toxicity in soil, water, and
the whole ecosystem. Excess nutrients go to waterbodies by runoffs, hampering aquatic lives;
leach to underground water and ultimately to our drinking water. An imbalance in the soil pH
disrupts the soil micro-floral combination, hampering nutrient cycles, which turns the soil into
conductive soil (Dubey et al., 2012). Agrochemicals are agro-pollutants and a potential threat to
biodiversity (Zaller et al., 2022), and causing numerous health hazards (Savci, 2012; Dawn et al.,
2023; Banerjee et al., 2021). Those render soil less productive in long-term use, which, has been
observed in a study of 1998 to 2018 (Xin, 2022). High subsidy to agrochemicals is a serious
threat to mankind in future and obstacle to sustainable agriculture (Guo et al., 2021).

In recent years, pollution due to agro-waste burning is a burning issue, that even disrupting
normal human life. Not only affects the air but also affects the fertile top-soil layer, causing soil
compaction, volatilization of minerals from soil, and destruction of natural soil microflora,
ultimately rendering the soil unstable and infertile.

The decrease in total agricultural lands and transformation of the nature of agricultural soil
with increasing toxicity in the ecosystem is a sure threat to human civilization. To get rid of these
problems, it’s the high time to plan properly to carry on sustainable agriculture for a s better
future and escape hazards. In this write-up up an attempt to focus on problems and potential
remedies towards sustainable agriculture are discussed.

Problems towards sustainable management: -
Inputs (chemical):

Most of the high-yielding crop varieties, susceptible to disease (Runno-Paurson et al., 2013)
and drought (Vikram et al., 2015), demand irrigation and high doses of chemical inputs in the
form of mineral fertilizers and pesticides. Most of the minerals get readily converted to insoluble
form and/or runoff or leached and get wasted. Actually, a major part of the expenditure is wasted
annually and transforms the soil into toxic. For example, the second most demanding nutrient for
plants in phosphate, that’s is sourced from phosphate rock only. 80% of fertilizes deposited in
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soil unused, unavailable for year after year. But the source is limited and it’s the only mineral
with no ‘cycle’ at all. All unused portion is ultimately deposited in sea or sub soil water table.
Morocco is the largest supplier of phosphate rock for fertilizer production. The wise 1% world
countries are storing their rocks without exporting; and stepping towards sustainable agriculture
(Vaccari, 2009). When phosphate solubilizing bacteria and fungi are able to supply soluble P to
rhizosphere and mycorrhizal hyphae are able to transport P to plant root, and these functions
maybe availed ‘free of cost’ for us, why are we producing soluble P-fertilizers with cost of
increasing ‘carbon foot print’ on earth? And forced our agriculture to be expensive? In sake of
businessmen only. Supplement of rock phosphate only is sufficient along with these microbes.
But the changed soil pH and high concentrations of minerals in soil, either eradicate the beneficial
microflora from soil or render them inactive, even parasitic (Johnson et al., 1997). Phosphorous
is with a long history of offering an adverse effect on arbuscular mycorrhiza (AM). Exogenous
supply of soluble phosphate leads to a rapid suppression in arbuscule development and
intraradical colonization (Kobae et al. 2016), which are directly related in P uptake for plants.
Fertilizer application, specially, phosphorous reduces diversity of AMF species severely,
possibly leaving some phosphorous resistant AMF strains (Yang et al. 2016). The continuous
fertilization for 37 years altered the phylogenetic structure of AMF in a Chinese Mollisols (Ma
et al. 2018).

Input of fungicides, pesticides and herbicides also similarly affect beneficial microflora
affectively natural nutrient cycle in soil and plant immunity too. The recommended doses of most
fungicides are detrimental to AM; some are neutral, while few fungicides are inducing at low
doses (Rivera-Becerril et al. 2017; Rodriguez-Morelos et al. 2021). In different studies fungicides
were found to affect root colonization (Calonne et al. 2012), spore germination (Buysens et al.
2015), transport of phosphorus from fungus to plant (Zocco et al. 2011); and significantly
correlated with doses.

Shift of Cultures:

The brittle and harsh straws of high yielding grain varieties are suitable for use neither for
thatching houses nor as cattle fodder. The decreasing trend of cattle rearing also have decreased
the demand of fodder or vice-versa. Technology have taken the function of cattle and manpower,
that is not a good step in utilization of manpower in this highly populated country, reducing the
work facility and supply of organic manure for our fields. For large agriculture fields the uses of
these technologies are sound but for limited boundary field, human skill and labour is feasible.
The harvesting machine design leaves half of the stem of crops in field after harvest. To eradicate
the remaining quickly and prepare the field for next crop, farmers burn the agro waste in field. In
spite of Supreme Court order, there is no other options to them. They have to neglect the immense
air pollution, the loss of nutrients by volatilization, the compaction of soil erosion proneness, loss
of soil biota etc (Ni et al, 2015; Pellegrini et al, 2020). This simple action surely and promptly
rise some soluble nutrient concentration in soil but degrades more depriving the next crops, and
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adding green-house gases in air (Bhatia et al, 2013). Agricultural technology with error forcefully
implemented these hazards.

Another rich traditional culture and knowledge of biological and cultural controls are just
overruled and abolished and we are now totally depended on chemical control mainly. So now a
days, farmers don’t think twice to kill even birds. Pesticides have successfully eradicated
earthworms from field. In near future, probably we may be able to lose honey bees also. New
generation farmers need a sound knowledge of conserving these beneficial organisms in a
harmonious way.

Lack of proper knowledge:

Along with the rich traditional knowledge of our farmer we need to provide them modern
scientific knowledge by training or workshops. Most of our farmers are not of aware of soil
sustainability, natural farming, biodiversity or biofertilizers. Even they are forgetting traditional
knowledges; need of keeping earthworm in field, of functions of honeybees, need and steps of
conserving these, and traditional biological control by food chain. They also need to know the
justification of conserving local crop varieties, the increasing threat of toxic substance in food
grains causing health hazards. How to manage all these without compromising production and
profit.

Farmers in Himalayan belt, are mostly reluctant to use agrochemicals in field; they opt for
amendments only, sustain natural microflora and agroecosystem. Though indigenous folk
varieties are quickly decreasing there too (Choudhury et al, 2013). But farmers in plain are almost
influenced by advertisements and apply overdoses of agrochemicals in fields, with aim to boost
up and quick yield and ultimately hamper the productivity for future, and increase carcinogens
in marketed foodgrains and vegetables. As fertilizer is to be used to make up the deficiency of
soil, agriculture department can’t avert the responsibility of proper guiding, otherwise it would
be converted to a ‘Frankenstein’ or already have been. With the implementation of modern
technologies, the need to maintain the natural resources should be part of cultivation technology
with proper guidance.

Potential measures: -
Integrated management: -

The 1% world is opting for natural farming or natural agriculture, in this decade. This is the
concept based on ‘Gaya’ hypothesis; as the mother earth has created the soil suitable for plant
growth gradually by its own; just rely on it without any external input. But in our country, the
soil of conventional agriculture lands is already overloaded with high chemical inputs and will
not be feasible overnight for this practice agriculture department can’t avert the responsibility of
for proper use otherwise it would be converted to a ‘Frankenstein’. Rather gradually move
towards integrated management is better.
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A. Variety:-

The very fast step of which is selection of crop varieties adapted to indigenous climate and
soil, specially, should be prioritized in disturbed areas of drought, salinity and flood affected
zone. These varieties are mostly environment hardy and resistant to diseases. The comparative
less production by these varieties will ensure the margin of profit and always accepted than no
production by fallowing land for one or two seasons. Revive of local varieties paves the way of
producing effective high vyielding and environment friendly hybrids in future. Initially
encouraging marginal or small-scale farmers in cultivation indigenous or folk varieties will
reduce the input cost and be thus profitable and able to cater their own need of food grains. Again,
it is important to cultivate crops according to climate or soil. For example, in W.B a large portion
of agriculture soil is lateritic, dry and nutrient poor. These lands remain fallow for seasons for
lack of irrigation for high yield is crops varieties. But cultivation of suitable varieties of millets
and rice, has great possibility there. Local peoples are not interested mainly for different food
habits, lack of markets for products, and lack of knowledge for cultivation of those crops. Proper
guidance skill development and marketing provision may turn these lands under-utilization and
uplift the rural economy. Again, local culture or food habits also to be given importance by
conserving the local varieties. Discouraging of the cultivation of those low yielding but low input
indigenous variety are abolishing these local delicacies, which too have both cultural and
economic value. Fortunately, there are several initiatives in both Govt. and non-govt. sectors
conserving and rescuing local varieties, which may be utilized with local farmers.

B. Cultural:

Sowing and drilling time is very important to avoid pathogens, specially, fungal pathogen, as
most of the destructive fungal pathogens favour humid conditions, and a range of physical
conditions. Planning according to weather forecast is expected to avoid unwanted loss avoiding
period with suitable germinate conditions of fungal spores.

Time and intensity of irrigation various crops to be differed with climate for some reasons.
Proper overall sanitization is often overruled for being overdependent on chemical overuse. But
the opposite is expected for sustainable and integrated management.

Reduction of chemicals inputs are the only way to return the balance of ecosystem in
agriculture field; mainly a sound of food-web for natural biological control which in turn would
reduce the dependency on chemical control, silvi-agriculture, silvi-pasture, agro-pisciculture may
be opted according to possibilities (Lodha, S., 1997).

Last but not the least, post-harvest agro-waste burning of machine harvest remains need to be
urgently addressed, by changing of machine design. Recent studies in ICAR have shown that
some strains of Trichoderma are very effective in rapid decomposition of straws in field (Organo
et al. 2022; Sarangi, et al. 2021) and also be used as biocontrol agent (Poveda, J., 2021).
Biotechnological approaches may be taken in fields or nearby separate zones to convert waste
into organic manure by similar green technology. Contacts with paper pulp industries to collect
post-harvest debris from field may be another way.
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Revive of bioresources:
Researches have shown that beneficial microflora are degraded in conventional agriculture

fields than organic treated farmlands or natural vegetations (Baweja et al, 2020; Tripathi et al.,
2020).

In order to return sustainable soil management in agriculture fields, re-establishment and
proper maintenance of beneficial microflora, i.e cellulose degrading, nitrogen fixing, phosphate
solubilizing microbes are specially needed. Introduction of suitable species and strains are needed
according to soil and climate. The role of these microbial consortium is no doubt effective in
increasing crop production and maintaining soil health (Tailor et al, 2023). Mycorrhizae,
specially, arbuscular mycorrhizal fungi (AMF) are one of the key factors in maintenance of soil
sustainability and increasing plant vigour. AM are active in soil aggregation and stabilization,
uptake of nutrients, specially, phosphate and other less motile nutrients (Battini et al. 2017; Garg
and Singh. 2017), but very sensitive to high nutrient condition (Dora et al. 2021) and most of the
fungicides (Channabasava et al. 2015). Application and conserve by proper amendments and
management of AM may be an effective tool for sustainable farming (Kuila and Ghosh, 2022).

The natural indigenous earthworms are now abolished from conventional fields. Earthworms
are also very good detrivores with rapid degrading ability of cellulose agro-wastes and mixing
up minerals in fields. Application of indigenous earthworms are better than application of
exported earthworm formed vermicompost or vermiliquid (Singh, 1997; Sruthi and Ramasamy,
2018). Most exported earthworm’s habitats on very top layer with specified media and unable to
survive and work in agriculture fields. But all are susceptible to pesticides. Hence just application
of those bio-resources in conventional would render no expected or effective results; by which
most farmers tend to reach the conclusion- ‘those do not work’! To prepare and maintain the land
for sustainable condition need to focus on chemical inputs simultaneously. A holistic approach
towards sustainability is very much needed, in order to take help of low-cost biotechnology,
application of their media is needful, such as, organic amendments, for bacterial flora and slow
P releasing rock phosphate for effectivity of AMF.

Beneficial bacteria, phosphate solubilizing microbes also provides plant immunity to various
diseases (Babbal et al. 2017; Soni and Keharia, 2021). The suitable microbial consortium with
AMF successfully bio-controls some major soil and airborne disease of plants by improving the
innate immunity or by other means (Dey and Ghosh, 2022). There is an immense scope to apply
bio-waste for recycling and reuse as organic amendments in fields through the green technology
and reduce the cost of input that will increase the profit. In this process of conversion from
conventional to sustainable fields for first several years’ compromise to yield in evident. But the
profit maybe stabilized by reduction cost of inputs. Organic or green manures of low cost and
biotic amendments are not required every year.

Present scenario:
At present, In India, 38 lakh hectres area is under natural farming of wheat in M.P. The states in

south India and Himalayan foothills, mostly rely on organic fertilizers. Though the latter are
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traditionally organic, some lands in the south are transformed from conventional to organic and
sustainable with the application of mycorrhizae and plant growth-promoting bacteria,
compromising with 4-5 years less production, which now increased the production than a
conventional system. Sikkim is now a 100% organic agriculture country, as the steps were taken
from govt. sector. In some other countries, small endeavors by farmers as initiation processes are
later magnified by govt. aids. In Malaysia, some small farmers applied mycorrhizae in their fields
and initiated organic farming; now agriculture dept of the country supplies mycorrhizae to rice
fields (Ghosh, 2019).

Conclusion:
India relies mostly on conventional agriculture. The agrochemical residues in fields is

rendering the soil toxic and decreasing production day by day. To ensure security for healthy
food for the rising population and reduce pollution, health hazards, and carbon footprint, a switch
to sustainable agriculture is a necessity. It may save the transformation of fallow agricultural
lands and improve the earnings of small farmers by reducing the input cost. The hindrances need
to be addressed at all levels. The low production in the transition period is to be compromised for
the sake of the future. Our farmers need to be updated, and a new educated generation needs to
apply their knowledge in the field to make agriculture a profitable, predictable, and prestigious
means of earning. The scope of entrepreneurship in the production of biofertilizers and
biopesticides, along with waste conversion, would increase employment. There are many
instances in abroad and India too.
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Updates

Ethical Foundations of Basic Science and the Science Behind Karmayoga
Milan Kumar Jana and Dr. Chandan Adhikary*

Keywords: Karmayoga, Basic Science, Work Ethics

Abstract:

The growth of a civilization depends on the development of science, technology, economy, literature,
culture, living standards etc. The secret behind all development lies in the nurturing of the unique thought and
skilful execution of the same in the process and performance. The art of doing work that leads to the state of
perfection, is called yoga, in broader aspect, it is termed as Karmayoga. Selfless action is emphasised in
Karmayoga as a means to bring about positive societal change. The motivation behind the development of
Karmayogais altruistic concern for the welfare of others, as opposed to personal gain. Karmayoga reveals the
mystery surrounding action. It addresses inquiries such as the definition of right action and the proper
methodology for carrying out action. There are inherent conflicts in human behaviour, such as duty versus
ethics. Karma Yoga elucidates a method by which such disputes can be resolved impartially. The Gita places
great stress on the ‘ethics of work’ or ‘inherent science’ that underpins the working process as described in
‘loksamgraha,” or engagement with the outside world, as well as the readiness to carry out self-serving actions
(niskamakarma) for the benefit of others. In order to address social and political problems in contemporary
India, these karma principles play crucial role. Yoga is a practice of spirituality. According to Karmayoga,
work should be done in devotion to God and without attachment. This study shows how the Karmayoga
applications can foster societal advancement and general development by establishing work ethics and
elevating it to the status of work ethics. The present condition shows that there has been an increase in
scholarly interest in how spiritual and religious traditions are expressed in the workplace. Researchers include
the components of numerous belief systems that are relevant to the workplace. The present treatise
operationalises the foundation of the scientific work ethics, Karmayoga, to provide a philosophical, conceptual
and methodological critique.

Introduction:
Karmayoga, as expounded in the Bhagavad Gita, is the basis of Hindu work ethics. The

fundamental Hindu scripture, the Bhagavad Gita (Rastogi et al., 2020), is largely recognized as
the most symbolic text on Indian thought, philosophy and religion. Karmayoga (the yoga of
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action) is regarded as one of the three main types of yoga, alongside Bhaktiyoga (of devotion)
and Jnanayoga (of knowledge) (Rastogi, et al., 2020). Yoga has been regarded as a “way of
life”, discipline, and oneness, among other things. Karmayoga is proposed as the route of action
for obtaining human perfection and enjoyment, and therefore achieving contact with the
Transcendental. It is thought to be the philosophy of work in India (Rastogi, et al., 2020). The
Bhagavad Gita explains that Karmayoga is the ‘wise way of doing’ because work is necessary
and can't be avoided. It means working without expecting anything in return, giving up the
perks of the work itself. In Karmayoga, “the results of one’s actions have no motivating
potential, and one constantly pursues an inward journey, which is naturally fulfilling and
satisfying.” As per the Bhagavad Gita, one can achieve union with the transcendental through
Karmayoga if he aims for skilful behaviour and doesn't care about the results. (Bhawuk, 2011,
Rastogi, et al., 2020)

Concept of Karmayoga

Karma derives from the Sanskrit root ‘kri’, which means doing, affairs, or activity and
comprises all body, speech, and mental activities (Krishnan & Mulla, 2022). Yoga derives from
the Sanskrit root ‘yuj’, meaning to connect. The Mahabharata uses the term as a) a skill, device,
or graceful method for performing actions (Gita 2.50), b) as equability of mind (Krishnan &
Mulla, 2022) towards success or failure (Gita 2.48) and c) to eliminate karma's tendency to
result in bondage (Gita 2. 50). The term ‘Yoga’ has been used by Tilak to denote ‘device’ or
‘intelligent method’ and ‘karma yoga’ to mean ‘a technique for intelligently performing
actions.” In this context, Tilak employs the term ‘intelligent’ to refer to an action that is
advantageous to one's ultimate objectives. Since liberating an individual from the perpetual
birth and death cycle is the ultimate purpose of all beings, any approach that facilitates such
liberation is more desirable than one that is more likely to ensnare the human being in bondage.
Karmayoga is a spiritual practice that strives for mukti, or liberation. By transcending the
material aspect, the purpose of Karmayoga is to transform oneself rather than the world
(Bhajanananda, 2006, pp.8-9). Krishna defines yoga as —

yvogasthah kuru karmani sangamtyaktvadhanarijaya |
siddhyasiddhyoh samobhiitva samatvam yogaucyaté || 2.48 ||

“Remain resolute in carrying out your responsibilities, Arjuna, letting go of attachment to
the outcome and staying consistent in both success and failure. Yoga is the term used to
describe such calmness and composure.”

Therefore, Karmayoga literally means ‘the way of union through action.” In reality,
karmayogis attain union prior to taking action. Karmayoga is an approach to life. One attains
self-actualization through duty-driven actions devoid of self-centered ambitions, which are the
result of determined thought. Engaging in action without self-centered ambitions progressively
transforms an individual into one who recognises the worth of rationality (Gogoi, 2014).Karma
yoga is defined as doing the appropriate actions with the proper attitude (Dhiman,2018). Right
deeds benefit everyone while harming no one, and Karmayoga provides the highest ethical
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foundation in the world. According to the law of karma, whatever we do, has a multiplier future
effect on us. In the workplace, we foster mutual trust, understanding, and peace when we apply
Karmayoga in the right way. The mind is purified by selflessly doing duties, making it ready to
receive the higher lessons of self-knowledge (Dhiman & Amar, 2018). Karmayoga involves
altruistic action without regard for its rewards (Moffitt, 1977). Karmayoga participants pursue
an inside path that is gratifying and satisfying, while the effects of their acts do not motivate
them (Bhawuk, 2011, p.148).The Bhagavad Gita emphasizes the importance of selfless activity
(niskama karma) and encourages renunciation of selfishness and its consequences. This refers
to renunciation in action (Dhiman & Amar, 2018), not of activities. True renunciation involves
letting go of kartapan, a strong sense of responsibility. (Dhiman, 2019). Karmayoga is defined
as ‘a technique for intelligently performing actions’ or ‘a technique for performing actions in
such a way that the soul is not bound by the effects of the action’ (Tilak, 2000). The Principles
of Karmayoga as needed in the present-day work ethics are-a) Karmayoga is devoted to
prayojana, b) It promotes a beautiful cognitive infinite change, c) It is internal, d) It leads to
Self-evolution, e) It is a steadfast unchanging mindset, f) It is based on the thought and the
intent, g) It is liberating, h) It glorifies surrender, i) It encompasses only ethical, noble and
righteous action, j) It treads on realisation of truth and gives contentment, k) It derives joy in
the present by focusing on prayojana, I) It brings peace and liberation from bondage
(Srinivasan, 2022).

Work excellence and Karmayoga

Excellence is a motivation from within, not without. Excellence should be pursued for
personal joy and fulfilment, not just for external recognition. In the Bhagavad Gita,
YogahKarmasu Kaushalam (Gita, 2.50) emphasises the need of striving for perfection in action
(Srirangarajan, & Bhaskar, 2011). A person with an Indian worldview attains the pinnacle of
moral development by attaining excellence in Karmayoga (Mulla & Krishnan, 2009). However,
before attempting to comprehend Karmayoga, it is necessary to understand the core principles
of Indian philosophy upon which the system is based. To attain the desired result, an action
must be mixed with an attribute of effectiveness (Tenneti &Tenneti, 2022). The cultivation of
individual efficacy is considered an essential characteristic in the Bhagavad Gita
(YogahaKarmasu kousalam). The definition of a successful activity is one that is completely
goal-oriented and accomplished efficiently. Individuals should allocate their time, energy,
capabilities, and talents in a way that prevents them from being spent on ‘purpose-defeating’
activities. According to the Bhagavad Gita, effectiveness can be achieved by cultivating the
attributes such as, a) Possessing an inspiring and motivating Vision or Objective b) Acquiring
the ability to concentrate on the current task in pursuit of the Vision or Objective and c)
Demonstrating composure in the face of challenges and setbacks encountered along the path to
the vision or objective (Tenneti & Tenneti, 2022).Yoga is excellence at work. Kaushalam
means working wholeheartedly without being a workaholic. This detached attitude boosts its
values and workers attention and skill. Elegance, fortitude, and expertise help our Body-Mind-
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Soul work with our hands (Dhiman & Marques, 2020). Become a tool for Supreme and do the
work. Performing a job with focus, devotion, and skill makes us important to others and
society. The individual should never crave results as money, bonuses, and other external
incentives motivate little.

Keys to achieving excellence

Karmayoga can lead one to gain success in work or profession. The human being always
strives for excellence. Thus, we have to believe in the presence of an eternal reality (Krishnan
& Mulla, 2022). The atman is regarded as our true essence, pure and untainted by the impurities
of our ordinary life. The second belief is the law of karma, which states that every action causes
a corresponding outcome. This implies that justice is upheld in the world and may manifest
across multiple cycles of birth and death. The third concept is liberation, which refers to
becoming free from the cycle of life and death, as well as the law of karma, which can be
accomplished by a variety of techniques. Thus, the core theoretical concepts of Karmayoga are
portrayed here in the practical critique.

Karmayoga: The Method of Effective Action

Karmayoga is a method to achieve moksa (liberation) by carrying out activities without
being influenced. Ranganathananda (2000, p.93) states that throughout our lives, we participate
in numerous activities. However, rather than freeing us from limitations, these activities tend to
further restrict us. To understand life, one must utilise every action as a method to liberate
oneself from bondage (Krishnan & Mulla, 2022).

Nishkama Karma

Karmayoga is a school of ethics that aims to achieve freedom via selflessness and good
work. According to Vivekananda (2009 p.121), Karmayoga involves belief in the atman
(Krishnan & Mulla, 2022), moksa, and the law of karma, rather than a personal god. The karma
principles in the Bhagavad Gita have been explained in verse 2.47.

karmany é vadhikarastéemaphalésukadacana |
makarmaphalahéturbhiirmatesango: 'stvakarmani || 2.47 ||

The Nishkama Karma principle motivates the individual to work unselfishly with a
disinterested spirit with pure motive. The person should not care about the results (Sivananda,
2000). Inertia must be avoided. For unselfish service, the doer must concentrate on mankind,
country, etc. and focus on the process, not the results. As is said in the Bhagavad Gita, one part
of the mind (Supriya & Srilalitha, 2019) should be involved in the work while another part
should be engaged in praying to God through meditation and Japa, etc.

Lord Krishna says:

Tasmatsarveshukaleshumamanusmarayudhya cha;
Mayyarpitamanobuddhirmamevaishyaisyasamsayam. || 8.7 ||

“Therefore, at all times think upon Me and fight with mind and reason set on Me, without

doubt, thou shalt come unto Me.” (Gita 8.7)
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Renunciation of all attachment or Anasakti

In practicing Karmayoga it is recommended to achieve equilibrium in matters pertaining to
gain or loss, triumph or defeat, delight or anguish. Our mind has to be made disciplined. This
serves as the master key to unlock the gates to realms of joy. The secret to Karmayoga lies in
this. This is the key to achieving success in the practice of yoga. “Renunciation and Yoga of
action both lead to the highest bliss; however, Yoga of action is undeniably superior to
renunciation of action,” says Lord Krishna (Gita, 5.2).It is not possible to attain immortality or
the ultimate beatitude instantly rather one has to believe in the consequences of one’s actions
that will ensnare one in the cyclical process of life and death.

Vivekananda (2009) explains how ahamkara and mamatva (sense of | and mine) result in
attachment. According to Gandhi (1980), the essential principle of the Bhagavad Gita is
detachment, which involves abandoning the fruits of action. He referred to Karmayoga as
‘anasakti yoga’ (yoga of non-attachment), and regarded the Bhagavad Gita as a treatise on this
practice.

Swadharma

Swadharma refers to the practice of one’s own dharma, which encompasses individual
duties, responsibilities, and righteousness. The worker has to follow his original nature mixed
with the skills requires for the work. As Krishna says

sreyansvadharmovigunah paradharmdatsvanusthitat |
svadharménidhanamsréyah paradharmobhayavahah || 3.35 ||

Duty and morality may change depending on our mental makeup or the various planes of life
we inhabit. For persons who are passive, dull, and inactive, engaging in some type of activity
(even violence) is recommended as swadharma. Conversely, individuals with courage and skill
may find their swadharma in opposing violence or engaging in battles solely for the betterment
of society. It is crucial to understand that there are varying levels of obligation and ethical
standards, meaning that the responsibilities of one individual in a specific situation may not
apply to another (Vivekananda 2009, pp.15-18).

Gunas (ultimate entities)

Gunas can be seen as three forces in the physical world: tamas representing inertness, rajas
representing activity, and sattva representing the standpoint between activity and inactivity.
When tamas prevails, we become lethargic and unenergetic; when rajas dominate (Krishnan &
Mulla, 2022), we are driven towards intense activity; and when sattva is prominent, we
participate in peaceful and balanced actions. Karmayoga specifically focuses on these three
criteria (Vivekananda, 2009, p.13).Tamasic individuals struggle to conduct unattached actions
or Karmayoga due to their high tamas and low rajas and sattva levels. When their rajas’ levels
rise, they will begin to take action. However, Karmayoga requires reducing tamas and rajas
and increasing sattva. The transition from tamasic to rajasic to sattvic is a simple technique to
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avoid tainted actions. Sattvic performers will be unaffected by the fruits of actions (Krishnan &
Mulla, 2022).

The pure mind (Sattva)
When a man works selflessly, viewing work as a form of worship to God and dedicating all
actions to Him, believing that life's purpose is to serve God, his mind will be pure.

Absence of Authority
The notion of doership leads to bondage and accrual of karma. Unselfishness eliminates the
concept of self completely. Thus, work done with the motive of worship is the key to liberation.

Mindfulness

Work should be done with mindfulness and utmost concentration, in a view to worship.
Work is a form of meditation. Doers must serve everyone with passionate love, with no sense
of agency and no hope of fruit or reward. This is the way to understand God. Humanitarian
service is divine service (Sivananda, 2000).

Discussion

The ideals of Karmayogaare applicable to all aspects of human excellence leading to
liberation. The philosophical explanation of Karmayoga appears in Figure 1. Tilak (1915/2000)
defines the endless cycle of birth and death as a three-step procedure driven by reincarnation
and karma. The process begins with the five senses interacting with external objects, causing
the agent to perceive pain or delight (Gita, 2.14). Experiencing pleasure or pain might lead to a
wish to repeat the perception (happy) or avoid it (pain). Unfulfilled desires generate
reincarnation in a body best suited for experiencing or avoiding particular experiences.
Thus, the cycle of birth and death continues in this way (Krishnan & Mulla, 2022). This loop
can be broken through Karmayoga. An individual may choose to exclude all sensory interaction
with external items. However, this approach is not ideal for active individuals. Going beyond
the cycle of birth and death requires equanimity and indifference to rewards and consequences
of one’s actions (Tilak, 1915/2000).
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Figure 1. Karmayoga: A Skilful Way of Performing Actions.

(Source: Mulla, Z. R., & Krishnan, V. R. (2014). Karma-Yoga: The Indian Model of Moral
Development.)

Duty-orientation or art of intelligent action

Individuals who believe in the law of cause and effect, an immortal soul, and the goal of life
as freedom from the cycle of birth and death seek ways to achieve eternal salvation. According
to Indian philosophy, the route to freedom should align with the seeker’s personality and
disposition. Karmayoga offers a route to emancipation from the birth and death cycle, ideal for
those with an active personality who want to stay in the world and achieve liberation (Mulla &
Krishnan, 2014).

Indifference to rewards

Individuals need to exercise control over the activities they take, since a complex chain of
cause and effect determines the consequences. As a result, individuals lose ownership of their
activities, believing that they occur spontaneously and that their physiological organs are
simply tools for carrying them out. The seeker’s indifference to money or social rewards stems
from a lack of control over their activities and a sense of obligation to others. This is one of the
important qualities of an individual in achieving excellence.

Equanimity

There is a constant interaction of senses with material objects, and as a result of these
interactions, the individual experiencing the sense objects perceives happiness or misery.
Desire stems from the awareness of enjoyment or suffering, leading to a desire to repeat or
avoid previously experienced sensations. This desire causes additional interactions between the
senses and material objects. Even when we enjoy a desirable object, it does not destroy our
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cravings, but rather fuels them. Thus, one way to manage one's mental experience of pain and
enjoyment is to remain neutral to our senses (Mulla & Krishnan, 2012).

Srirangarajan& Bhaskar (2011) suggests the qualities or the Karmayoga attributes which are
necessary to any person a) Intension of doing work meaningfully b) preparations for Personal
growth and development, c) having Personal values fit with workplace principles, such as
harmony, love, respect, trust, care and honesty, d) satisfaction with work, e) a sense of
belonging and interconnectedness- understanding and adjustment to the team with a sense of
belongingness, f) contribution to society in order to serve others or for a higher purpose, g)
pursuit of excellence and perfection, h) acknowledgement of one’s internal experiences, i)
treating work as worship, j) connection to Nature, Master or God, k) sense of transcendence, 1)
merely serving as a tool for action, not the one performing the action, and m) Emphasising the
process of work rather than the outcomes.

Conclusion

Karmayoga promotes moral decision-making by prioritizing the needs of others and
adhering to the principles of selflessness, non-attachment, and svadharma (Krishnan & Mulla,
2022). Understanding the theory of Karmayoga can offer strength during challenging times and
establish the belief that one's present actions shape future results (Banerjee, 1964). Karmayoga
is the Indian concept of work ethics that leaders can use to inspire their team to fulfil their
duties conscientiously and provide dedicated service to consumers. The Karmayoga worldview
supports efficient and humane organisations, as well as a professional and satisfied staff. (Mulla
& Krishnan, 2007). Karmayogi leaders can assist their team members selflessly, for improving
team outcomes. Karmayoga is an effective strategy to combat the rising levels of greed and
selfishness in contemporary society and to encourage individuals to prioritize their
responsibilities towards others. When individuals prioritize their responsibilities towards others,
they will not be seeking personal gains from their acts, therefore improving the quality of the
process and results. Individuals who prioritize their duties before personal gains will experience
more calmness and a better quality of life.
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Effects of arsenic on child health in arsenic prone areas of South 24 Parganas in West
Bengal
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Abstract:

Arsenic contamination in groundwater has been considered as the largest public health concern in the
human history around the globe. India is one of the most arsenic affected regions among them. South 24
Parganas is a densely populated district of West Bengal. The shallow and deep aquifers of the district have
been treated as drinking water sources for millions of people and the range of arsenic concentration in that
drinking water sources was observed from 0 to 3200 pg/L. The provisional guideline value set by WHO (2018)
for arsenic in drinking water is 10 pg/L. Long term ingestion of arsenic contaminated water more than the
permissible limit can cause chronic arsenic induced illnesses among the population. While the adverse effects
of arsenic induced illnesses are well documented among the adult population, a little is known about the
consequences on child health. Arsenic contaminated tubewells located at the primary school premises have
been considered as one of the prime source of arsenic contamination among the child population. The present
study was done on the basis of the concerned situation of arsenic contamination in groundwater and its
associated health risks among child population (6-10 years). Hazard Quotient (HQ) more than 1 was found in
99% primary school going children indicating that there is a risk to develop adverse non carcinogenic effects
among the child population. Early exposure to arsenic can reduce the Intelligence Quotient (1Q), cognitive
development and neurobehavioral function over the life time of a child. As there is no specific treatment
method for arsenic induced illnesses, consumption of arsenic free water will be the only way to get rid from the

. problem.

Introduction:
Groundwater, an insufficient natural resource, has been utilized as the fundamental

requirement for life, livelihood, food security and sustainable development for ages. The
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Effects of arsenic on child health in arsenic prone areas of South 24 Parganas in West Bengal

dependency on groundwater has increased with time for drinking purposes as it is a safe source
with respect to microbial contamination. Arsenic contamination in groundwater became one of
the major concerns in view of its human toxicity (Shaji et al. 2021; Bera and Choudhury, 2023;
Biswas and Saha, 2021). The International Agency for Research on Cancer (IARC) categorized
arsenic as a “Group I” carcinogen (Rahman et al. 2018). The major route of arsenic toxicity in
the human body was found by drinking arsenic-contaminated water. The provisional guideline
value set by WHO for arsenic in drinking water is 10 pg/L (WHO, 2018). High levels of
arsenic concentration in groundwater are widespread across the globe, and at least 140 million

inhabitants from almost 50 countries are drinking arsenic-contaminated water at levels above

the WHO provisional guideline value. The majority of the countries belong to South Asian and
South American regions. The critically affected countries include Bangladesh, India, China,
Nepal, Cambodia, Vietnam, Myanmar, Laos, Indonesia and USA. Argentina, Canada, Chile,
Hungary, Pakistan, Mexico and South Africa have been considered as severely affected
countries from the world (Shaji et al. 2021).

Chronic arsenic-induced diseases developed by consumption of arsenic-contaminated
groundwater are considered as the major environmental health hazard throughout the world,
including India. While the adverse effects of arsenic-induced illness on adult health are well
documented, little is known about the consequences of the consumption of arsenic-
contaminated water among children. The children who are growing up in arsenic-affected
households are likely to be vulnerable to poor health and may have a poor probability of
developing cognitive skills. The manifestation of arsenic-induced skin diseases, particularly
keratoses, was found to develop after 10 years from the time of first exposure (Smith, Lingas,
and Rahman 2000). The outcome of continuous exposure to arsenic may develop a silent
pandemic in modern society, resulting in a subclinical and permanent decrease in 1Q,
eventually increasing the rate of school failure and lowering productive capacity. So, this global
nature of the pandemic can make a large impact on public health.

Materials and Methods
Selection of Study area

South 24 Parganas, a district in West Bengal, India (Fig 1), has been considered as the study
area in the present study. The district is situated between 21°29'N and 22°33°45""N latitude and
88°3°45”°E and 89°4"50""E longitude. It is the largest and second most densely populated
district located at the southeast corner of the state, covering an area of 9960 sq km. The district
is one of the most arsenic-contaminated regions in West Bengal. The decadal growth rate of the
population between 1991 and 2001 was 20.85% which was higher than the state average,
17.77% (District Human Development Report, 2009). The district is suffering from severe
water crisis though plenty of water is obtainable in a deltaic riverine plain. Most of the
population from the district has to depend on groundwater resources for drinking purposes.
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Data collection

e Groundwater arsenic contamination data was taken from NRDWP-IMIS (National Rural
Drinking Water Programme-Integrated Management Information System) portal
governed by Jal Jeevan Mission in the year of 2017-18.

e The details of the Primary schools were collected from UDISE (Unified District
Information System for Education) Data and School report card portal (DISE 2018)
(developed by National University of Educational Planning and Administration). The
locations of the primary schools were collected from Schools Geo Portal (2015)
managed by Ministry of Human Resource Development (MHRD). The total number of
students from each school from class 1-V from the year of 2011-2018 was found from
the portal (http://www.schoolreportcards.in/).

N
Study area showing A. India B. West Bengal and C. South 24 Parganas A

c

0 125 250 500 Kilometers

Figure 1. Study area showing India, West Bengal and South 24 Parganas.

Methodology
Spatial distribution of arsenic concentration

The spatial distribution map of arsenic concentration in shallow (10- 100 m bgl) and deep
tubewells (100-300 m bgl) was prepared with the help of ArcGIS (Version 10.2.2) from the
collected data set. The focus area was identified on the basis of arsenic concentration in shallow
tubewell. After the identification of the study area, the spatial distribution map of arsenic in a
deep-depth aquifer was prepared.



Effects of arsenic on child health in arsenic prone areas of South 24 Parganas in West Bengal

Health risk assessment
Locations of primary schools at different arsenic contaminated zone

The locations of the schools were plotted on the arsenic concentration map prepared in
ArcGIS (Version 10.2.2). The arsenic concentration map was prepared on the basis of shallow
(10- 100 m bgl) and deep tubewells (100-300 m bgl). The locations of the schools were
mentioned in both shallow and deep depths, as the concentrations were different in those two
different depths.

The students from grades 1 to 5 (6-10 years) are considered to spend most of the time in
their schools (Kaiser et al. 2001). The study was done with the FPs (Free Primary Schools), JBs
(Junior Basic), and SSKs (Sishu Sikha Kendra) from the focus area managed by the
Department of Education. The total number of schools was determined from the block level
data. The student population of 2022 from each school was projected with the help of
Arithmetic increase method. The student population was found to decrease in some schools and
became negative in the projected population from 2022. The population from the year of 2018
was considered for those schools.

Assessment of health risk developed by arsenic concentration among child population

a. Exposure risk assessment

The exposure risk assessment was done to determine the magnitude of the impact of arsenic
contamination on child population (Huy et al. 2014).

The PAI (Potential Arsenic Intake) of the study population was calculated as follows:

PAIl = Cx XD

BWxAT

Assume

C=arsenic concentration in ppm in the tubewells

IR=6 Ipcd

EF= 365 days

ED= 10 years

BW =28 kg

AT = 21900 days

Where, IR is the ingestion rate in L/day, EF denotes the exposure frequency (days/years of
use of arsenic contaminated source), ED is average exposure duration (years of using arsenic
contaminated water source), BW is the average body weight (Kg), AT is the average Life
expectancy (days)

When arsenic concentration in groundwater is within the permissible limit, the term “PAI
(Potential Arsenic Intake) has been used as “TDI (Tolerable Daily Intake).

Risk of arsenic can be divided into non carcinogenic risk and carcinogenic risk.
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b. Non carcinogenic risk characterization

e Hazard Quotient (HQ)

The hazard quotient is the index of noncarcinogenic toxicity of a substance (arsenic in
drinking water in the present study). It can be calculated by the following equation-

HQ=PAI/RfD

RfD= Reference dose for Arsenic (mg/Kg d)=0.0003 mg/Kg d) (USEPA 2005)

RfD indicates “the daily exposure to which the human population could be continually
exposed over a lifetime without an appreciable risk of deleterious effects” (Alidadi et al. 2019).
When the calculated value of HQ is <1, no adverse non carcinogenic effects are visible,
otherwise an adverse non carcinogenic risk has been considered as possible.

c. Carcinogenic risk characterization

e Cancer risk

Lifetime cancer risk (CR) associated with ingestion exposure was determined by

CR= PAIx SFxADAF (Huy et al. 2014)

Where, SF is the cancer slope factor index of arsenic. In the present study, SF value was
considered 1.5 (mg/kg/d) taken from USEPA (Chakraborti et al. 2017). Only skin cancer risk
was considered in the study due to the availability of SF. ADAF is Age-dependent adjustment
factor. ADAF was found different for different age groups, for child (6-16 years) population it
was 3 (Huy et al. 2014).

The range of risks borderline by the EPA is 1x10™ to 1x10° and unacceptable if the risks are
surpassing 1x10™* . A carcinogenic risk of 1x10™ gives rise to potential health hazard (Alidadi
et al. 2019)

d. Decrease in 1Q score

The present study was done with 0.08 IQ scale decrease when arsenic concentration
increases by 1 ppb (Hasanvand et al. 2020). The mean IQ score was considered 99.5 as it was
the average of 90-109 descriptive level.

Result and discussions
In the present study, total Baruipur, Bhangar I, Bhangar II and Sonarpur blocks and part of

Bishnupur I, Canning II, Jaynagar I, Jaynagar II, Magrahat II, Mandiarbazar and Mathurapur I
were considered to be located in the focus area where arsenic concentration was found more
than the permissible level.

Spatial distribution of arsenic concentration in groundwater
Shallow tubewell

Arsenic concentration below 10 ppb and above 10 ppb was observed in distinct clusters and
no systematic pattern was apparently noticed in shallow tubewell. Wide variation of spatial
distribution of arsenic concentration was observed in the blocks. The arsenic-affected blocks
were located in the northern part of the study area. Higher arsenic-contaminated zones were
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surrounded by lower arsenic-contaminated regions. Only arsenic-contaminated blocks were
identified as the focus area and kept for further study. The focus area is located at the Gangetic
Delta Plain formed by the late Holocene to Recent sediment deposition from the River Ganges
(District Resource Map, Geological Survey of India 2007).

In Figure 2, it was observed that the focus area, the light blue portion denotes arsenic
concentration 10-50 ppb, the yellow portion contains arsenic concentration 50.1-150 ppb, the
orange part denotes arsenic concentration 150.1 to 350 ppb, and the red part denotes arsenic
concentration 350.1-2400 ppb. The focus area was then classified on the basis of different
arsenic concentration into four zones- zone I (0-10 ppb arsenic concentration in negligible
portion of the focus area), zone II (10.1- 100 ppb arsenic concentration among 40% of
tubewells), zone III (100.1-300 ppb arsenic concentration in 40% of tubewell) and zone IV
(more than 300 ppb to 2500 ppb arsenic concentration among 20% of tubewell). Zone Il was
found to be the most sensitive zone, and the concentration was found to be predominant in the
focus area.

Selection of focus area

Legend

010 ppb
10.1 - S0 ppb
) « 20 Kilometers $0.1 - 150 ppb
(W W B 150.1 - 350 ppb
6012400 ppb

Figure 2. Identification of focus area in South 24 Parganas.
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As concentration in deep tubewell

Figure 3. Distribution of arsenic concentration in deep aquifer.

Deep tubewell

From Figure 3, it was observed that in the deep aquifer of the northern, northeastern, and
northwestern parts of the district, arsenic is affected. Arsenic concentration ranges from 10.1to
100 ppb was found predominant. Arsenic concentration ranges from 100.1 to 300 ppb, which
was found at three small clusters. More than 300 ppb of arsenic was not observed in deep
aquifers.

Health risk assessment
Locations of the primary schools at different arsenic contaminated zone

The children from the FPs, JBs and SSKs are dependent on the tubewell water. If a school is
located in an arsenic-contaminated region, the children from the schools are exposed to arsenic
by drinking arsenic-contaminated water and consuming mid-day meals prepared with arsenic-
contaminated water. So, intake of arsenic is high among those children and they will be highly
impacted by arsenic contamination.

A total of 1044 (530 FPs, 106 JBs, and 408 SSKs) Primary school data was collected for the
study. Nearly 108465 students aged between 6 to 10 years were recorded studying in those
schools. The range of student population was found 20 to 961 in schools in 2022. Arsenic
concentration (predicted) ranges from 2-1024 ppb in shallow tubewells and 1-157 ppb in deep
tubewells.
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Location of primary schools in the focus area A

Shallow depth Deep Depth

Legend

Legend
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Figure 4. Locations of primary schools in the focus area.

From figure 4, it was observed that primary schools were equally distributed within the
focus area. The shallow and deep depth map was prepared on the basis of arsenic concentration
of the tubewell. The arsenic concentration was estimated by kriging for both shallow and deep
depth aquifer for each tubewell present in those school premises. So, each tubewell got two
values, one is for arsenic concentration present in shallow depth and the other is for arsenic at
deeper depth. In the shallow depth maps, most of the schools were found to be present in the
regions where arsenic concentration was more than the permissible limit; in those schools, the
primary school children consumed water which was not suitable for their health. Very small
numbers of schools were present in arsenic safe zone. In deep depth map almost half of the
schools contain safe water sources.
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Percent distribution of primary schools
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Figure 5. Percent distribution of primary schools in different arsenic-contaminated zones in both
shallow and deep aquifers.

From Figure 5, it was observed that for shallow depth, 55.94% of schools are located in
Zone 11 (10.1- 100 ppb), and 31.9% are located in Zone 111 (100.1-300 ppb). For deep depth,
53.73% are present in Zone | (0-10 ppb), 45.12% in Zone 11 (10.1-100 ppb), and 1.14 in Zone
I11 (100-300 ppb) zone.

Exposure risk and risk assessment among all schools
Hazard quotient:

The Hazard Quotient graph was made by plotting arsenic concentration on the x-axis and
Hazard Quotient on the y-axis.

Among the total 1044 schools, only 0.77% of the school population from the focus area go
to schools where HQ is less than 1. The HQ value was found to exceed the threshold value
(HQ<1) and several times higher than the threshold values in all the schools. HQ was done to
understand the cumulative health risk due to ingestion of arsenic-contaminated water. So, the
school children from the focus area are exposed to a level of health concern.

From fig 6, it was observed that the range of HQ for the child population was 0.21 to 104.5.
When the concentration range was 10 to 100 ppb, the range of HQ was found to vary from 1 to

10 for the child population. Similarly, when the arsenic concentration was 300 ppb, the HQ for

child was found 31. The HQ was found to increase with higher arsenic concentration. High HQ
indicates that there is a high chance of developing arsenic-contaminated diseases.
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Hazard Quotient among child population in
primary school children
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Figure 6. Hazard quotient assessment at different level of arsenic concentration among primary
school going children.
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Figure 7. Cancer risk assessment at different level of arsenic concentration among primary school
going child population.
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The graph for estimation of cancer was prepared in figure 7.

According to USEPA (2015), the standard Cancer risk (CR) value of arsenic was 1x10®, but
the estimated CR is higher than the standard CR value in present study, that may cause lifetime
cancer risk to the primary school children. From figure 7, it was observed that risk of cancer
development increases with the increase of arsenic concentration in groundwater. When arsenic
concentration is 100 ppb, the risk of cancer development 137.76x 10 for child population. It
means there is a chance to develop skin cancer in 138 children among 10000 populations if they
consume 100 ppb arsenic contaminated water daily for 70 years.

Table 1. Blockwise cancer risk at different arsenic concentration level among adult and
child population in shallow tubewell.

Range of arsenic Range of Cancer risk (x10#) among
concentration (ppb) child population
Baruipur 2 t0 962 2.89t0 1325.2
Bhangar | 1110 453 15.15t0 624.03
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Bhangar |1 1810 519.53 24.79 10 716.09
Bishnupur | 510262 6.88 10 360.9
Canning 11 1210 178 16.5t0 245.2
Jaynagar | 10 to 490 13.78 to 675
Jaynagar |l 810102 11.02 to 140.5
Magrahat |1 810 184 11.02 to 253.5
Mandirbazar 12 to 88 16.53t0 121.2
Sonarpur 610 1024 8.26to 1411
Mathurapur | 10 to 65 13.78 t0 89.54

e Shallow tubewell

The risk for cancer development in children is very much higher than negligible risk level
(1x10°). So, the children are very much prone to develop arsenic-induced cancers due to
ingestion of arsenic-contaminated groundwater. From Table 1, it was observed that the risk of
cancer development is found to be higher in the Baruipur and Sonarpur blocks, as the arsenic
concentration was highest in these two blocks. In Sonarpur block, the risk of cancer risk in the
child population is 1411x107%, which means 1411 children will be at risk of developing skin

cancer among 10000 children if they consume 1024 ppb of arsenic-contaminated water daily

for 70 years.

Table 2. Blockwise cancer risk at different arsenic concentration levels among adult and
child populations in deep tubewell.

Range of Arsenic

concentration (ppb)

Range of Cancer risk (x10#) among
child population

Baruipur 1to 29 2.36 10 39.94
Bhangar | 5to 157 6.88 10 216.28
Bhangar 11 7 to 104 10.48 to 143.27
Bishnupur | 16 to 82 22.04t0 112.96
Canning Il 910 45 12.39t0 61.99
Jaynagar | 1to 136 2.36t0 187.35
Jaynagar Il 3to 67 4.131092.29
Magrahat |1 3to 75 4.1310 103.32
Mandirbazar 3t010 4.13 to 13.77
Sonarpur 1 to 62 2.36 to 85.65
Mathurapur | 4109 5.5t012.39

e Deep tubewell

The water from deeper depth is also not safe for children. The risk is higher than the

negligible risk level. In deep depth, the risk of cancer development is highest in Bhangar 1
block followed by Jaynagar I and Bhangar II blocks (from table 2).
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Determination of IQ among the child population in the blocks
e Shallow tubewell
Blockwise determination of IQ loss due to arsenic concentration in shallow tubewell among
the child population was shown in table 3.
Table 3. Blockwise distribution of estimated I1Q In shallow tubewell.

Block Range of Range of % of population at different IQ score
arsenic  estimated 1Q

con 90-109 80-89 70-79 <69

(ppb) (average) (low (borderline) | (extremely
average) low)
Baruipur 210962 | 99.33 to 22.54 59.67 22.77 9.67 7.89
Bhangar1 | 11to453 | 98.62 to 63.26 51.34 38.14 6.27 4.25
Bhangar II | 18to 519 | 98.06 to 57.91 57.67 38.77 2.80 0.76
BishnupurI | 5t0262 | 98.7to 78.54 9751 1.07 1.42 0.00
Canning II | 12to 178 | 98.54 to 85.26 76.68 23.32 0.00 0.00
JaynagarI | 10t0490 | 98.7 to 60.3 78.14 15.31 5.73 0.81
Jaynagar Il | 8to 102 | 98.62t091.34 | 100.00 0.00 0.00 0.00
Magrahat Il | 8to 184 | 98.7 to 84.78 90.03 9.97 0.00 0.00
Mandirbazar | 12to 88 | 98.54t0 92.46 | 100.00 0.00 0.00 0.00
Sonarpur 6to 1024 | 99.02 to 17.58 53.36 25.17 16.33 5.14
Mathurapur | 10 to 65 98.3t0 94.3 100.00 0.00 0.00 0.00

I

From table 3, it was found that the arsenic concentration in Baruipur and Sonarpur block is
very high, so, the IQ level was found decreasing among the primary school in those two blocks.
In shallow aquifer when the range of arsenic concentration was 2 to 900 ppb, around 60% of
population were found to be present in average (90-109 1Q score), 23% in low average (80-89
1Q score), 10% in borderline (70-79 1Q score) and 7% in extremely low (<69 I1Q score) scale.

e Deep tubewell

Blockwise determination of 1Q loss due to arsenic concentration in deep tubewell among the
child population was shown in table 4.

From Table no 4, it was observed when the concentration is more than 100 ppb, the 1Q level
decreases from the average level (90-109) to a low level (80-89). In deep tubewell, 98% of
school students were found to be present in 90-109 1Q score and 2% in 80-89 1Q score when
the range of arsenic concentration was 1 to 150 ppb.

Mitigative measures

From the mitigative measure, it was observed that the distribution of student population
would be based on the arsenic concentration in the tubewells present in the schools; the
students from higher arsenic-contaminated schools could be transferred to low-risk zone.
Installation of arsenic removal plants was found mandatory for the schools where the student
population was found higher in elevated arsenic-contaminated zones.
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Table 4 . Blockwise distribution of estimated 1Q in deep tubewell.
Range of Range of % of population at different IQ score
Arsenic conc estimated IQ

(ppb) 90-109 80-89 70-79 <69
(average) (low (border | (extremely

average) line) low)
Baruipur 1to29 99.36 t0 97.18 100 0 0 0
Bhangar | 5to 157 99.1 to 86.94 100 0 0 0
Bhangar 11 7 to 104 98.89 t0 91.18 97.86 2.14 0 0
Bishnupur [ 5to 82 99.1 t0 92.94 100 0 0 0
Canning 11 5to45 99.1t095.9 100 0 0 0
Jaynagar | 1 to 136 99.45 to 88.62 99 1 0 0
Jaynagar 11 3to 67 99.26 to0 94.14 100 0 0 0
Magrahat 11 3to 75 99.26 t0 93.5 100 0 0 0
Mandirbazar 3to 10 99.26 to 98.7 100 0 0 0
Sonarpur 1 to 62 99.39 to 94.54 100 0 0 0
Mathurapur I 4109 99.18 t0 98.78 100 0 0 0

Conclusion
Around 1000 primary schools with approximately 1,10,000 student population were present

in the focus area and they were found dependent on groundwater for drinking purposes and
mid day meal was also cooked with that water. Based on the kriging estimation in shallow
tubewell, it has been found that in about 6% of schools the estimated arsenic concentration was
within permissible limit, in about 56% of schools, the estimated concentration was in zone II
(10-100 ppb), in about 32%, the estimated value was zone II1 (100-300 ppb) and in about 6% in
zone IV (more than 300 ppb) with highest concentration was estimated as more than 1000 ppb
in a school at Sonarpur and more than 950 ppb in a school at Baruipur. In case of kriging
estimation in deep tubewell, it has been observed that in about 54% of schools, the estimation
was within permissible limits, in about 45% it was in zone 11 (10-100 ppb) and in about 1%, it
was in zone III (100-300) with around 150 ppb arsenic concentration in Bhangar | and Jaynagar
I.If a child consumes 6 litre of water with 100 ppb arsenic concentration, the daily intake will
be 1.5 fold more than the permissible daily intake value (2.1 pg/kg body weight). HQ>1 means
that there are chances to develop adverse non-carcinogenic risks. Hazard Quotient (HQ) more
than 1 was found in 99% primary schools indicating that there is a risk to develop adverse non-
carcinogenic effects among the child population. There is a chance to develop skin cancer in
138 children among 10,000 population if they consume 100 ppb arsenic contaminated water
daily for 70 years. A carcinogenic risk greater than 1x10™ gives rise to potential health hazard.
Neurotoxic effects of arsenic was also found among human beings. Early exposure to arsenic
can reduce the Intelligence Quotient (1Q), which results in the reduction of cognitive
development and neurobehavioral function over the lifetime of a child. The average 1Q score is
99.5 for arsenic free water. If a child consumes water with 10 ppb arsenic concentration, the
estimated 1Q will be 98.7 whereas the concentration is 100 ppb, the estimated 1Q will be 91.5.
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In shallow aquifer when the range of arsenic concentration was 1 to 1000 ppb, around 60% of
school students were found to be present in average (90-109 1Q score), 23% in low average
(80-89 I1Q score), 10% in borderline (70-79 1Q score) and 7% in extremely low (<69 1Q score)
scale. In deep tubewell, 98% of school students were found to be present in 90-109 1Q score
(average) and 2% in 80-89 1Q score (low average) when the range of arsenic concentration was
1 to 150 ppb. It should be mandatory to install arsenic removal plants in the schools where the
arsenic concentration is more than the permissible limit.
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Green Leaf Volatiles: A Crucial Mediator of Plant
Chiranjit Mukherjee
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Abstract:

Plants have evolved different defense strategies to counter biotic and abiotic threats coming from their
surroundings. The role of different emitted volatile organic compounds (VOCs) in plant defense has been the
field of active research in the last decades. Green leaf volatiles (GLVs), emitted from the vegetative parts of the
plant body have appeared as the utmost crucial mediator in defense and plant-to-plant communications. GLVs
are formed through the oxidation of polyunsaturated fatty acids (PUFAS) by the action of lipoxygenase (LOX)
enzyme. The plasma membrane has been the source of all PUFAs in GLV biosynthesis. The enzyme
hydroperoxide lyase (HPL), performs a crucial role in GLV formations by producing different volatile aldehydes.
Upon herbivory, plants are found to release more amount of GLVs which can able to elicit the expression of
different defense-related genes, and thus indirect defense against the herbivory can be achieved. Emitted GLVs
can induce the defense mechanism in neighbouring plants by priming method. GLVs also showed antagonistic
effects on invading phytopathogens, especially against the invading fungi. Despite its tremendous potential as a
defense mediator the molecular mechanisms of GLV uptake and perception in plants have not been well
understood.

Introduction:
Plants are known to emit a myriad of volatile compounds in their surroundings from both above

and below-ground parts of their plant body. Among these volatile compounds, floral volatiles are the
most common and well-studied due to fragrance and flavour. Chemical nature of floral volatiles, their
emission pattern, and the regulation of emission have been investigated thoroughly in several plant
species in the last decade. Recently, emitted volatiles from other vegetative organs including below-
ground root systems have attracted considerable attention of researchers around the world for their
tremendous effect on plant life. Green leaf volatiles (GLVs), derived by the oxidation of
polyunsaturated fatty acids (PUFAs) from the vegetative parts of the plant body, perform a crucial
role in plant communication, protection, and stress management. GLVs are made up of C6 and C9
aldehydes, alcohols, and their esters (Baldwin et al., 2006; Dudareva et al., 2006) and are found to be
released from almost all plant species. Plants emit GLVs due to mechanical damage, pathogen attack,
and in abiotic stress such as heat, high light, and heavy metal stress (Ameye et al., 2018).
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Polyunsaturated fatty acids, the precursors of GLVs are generally released from the plasma membrane
by the action of specific lipases whose identities have not been established till now. Released
polyunsaturated fatty acids are oxygenated by the enzyme lipoxygenase (LOX) to form fatty acid
hydroperoxides, acting as substrates for the enzyme hydroperoxide lyase (HPL). Natural flavouring
agents and odorants are in use worldwide on a massive scale in different products due to the
consumer's demand, especially for their health issues. GLVs are performing appropriately as valuable
natural flavouring agents for different products throughout the world. GLVs are produced on a large
scale for commercial purposes through biotechnological intervention by isolating different genes,
crucial for GLVs biosynthesis from different plant species (ul Hassan et al., 2015).

Biosynthesis:

Abiotic stress
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Figure 1. Biosynthesis of green leaf volatiles (GLVSs) in plants (ul Hassan et al., 2015). PUFAs-
polyunsaturated fatty acids, LOXs- lipoxygenases, HPL- hydroperoxide lyase, ADH- alcohol
dehydrogenase.

Biosynthesis of GLVs is started by the formation of PUFAs, such as linoleic acids (LA) and a-
linolenic acid (ALA), which have been produced from plasma membrane by specific lipases. The
identities of specific lipases for GLVs formation are still not well established. So far, two
phospholipase D (OsPLDa4 and OsPLDa5) from rice have been found, related to GLVs formation.
Antisense expressions of OsPLDa4 and OsPLDa5 in rice have significantly reduced the emission of
GLVs along with reduced formation LA and Jasmonic acid (Qi et al., 2011). Released PUFAs are
subjected to an enzymatic reaction, catalyzed by a monomeric, nonheme iron-containing enzyme
family known as lipoxygenases (LOXs). Members of this enzyme family catalyze the addition of
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molecular oxygen into PUFAs to form fatty acid hydroperoxides. Several LOX genes have been
reported from different plant species (Ameye et al., 2018) and are mostly found to be localized in
chloroplast (Bannenberg et al., 2009; Porta et al., 2008). Plant LOXs can be distributed into two
broad groups: Non-plastidic 9-LOX, categorized as type-1; Chloroplast localized 13-LOX, designated
as type-2. Formed hydroperoxides further undergo an isomerization process, catalyzed by a crucial
enzyme of this pathway, hydroperoxide lyase (HPL). Due to the action of HPL, these hydroperoxides
are converted into hemiacetals which are subsequently decomposed to form 6 to 9 carbon-containing
volatile aldehydes such as hexanal, (Z)-3-Hexenal, (Z)-3-Nonenal, (E)-2-Nonenal. These aldehydes
are converted to alcohol by NAD-containing dehydrogenase (ADH) to confer more stability. All the
synthesized aldehydes, their corresponding alcohols, and esters from leaf and vegetative tissues
collectively constituted GLVs.

Biological Functions:

To survive in nature, the plant has to deploy its different phyto-artillery systems to prevent different
intruders on multiple fronts. Plants are well equipped with multiple defense machinery to neutralize
those threats, coming from both biotic and abiotic factors. Jasmonic acid (JA), a product of oxylipin
pathway is an extensively investigated phytohormone that confers defense against pathogens,
herbivores, and phloem-feeding insects in association with the salicylic acid and ethylene. Green leaf
volatiles (GLVs), synthesized from PUFAs through the enzymatic action of HPL have recently been
included in the plant defense system and are less understood than jasmonic acids. GLVs serve as
defense signals within the same plant as well as in neighbouring plants within the same community.

GLVs in herbivore defense and plant priming:

Herbivorous insects utilize plants for their food and oviposition. Upon herbivory, plants face
damage in their tissues and recruit different types of toxins and repellents as direct defense strategies.
During herbivory, plants also deploy their indirect defense strategies by releasing GLVs along with
other compounds such as nectar to attract the predators of herbivores. Interestingly, the emission of
GLVs activates the expressions of several crucial genes related to the indirect defense mechanisms of
plants. Z-3-Hexenol, one of the most common GLV has been found to upregulate the expression of
defense-related genes in maize (ul Hassan et al., 2015) and therefore perform as a more potent elicitor
of defense as compared to jasmonate, salicylate and ethylene (Engelberth et al., 2013). Genes related
to the octadecanoid pathway for jasmonic acid formation are found to up-regulate by GLVs
(Engelberth et al., 2007). Oral secretions (OSs) of herbivorous insects along with the wounding are
found to perform a crucial role in the induced release of GLVs in attacked plants. Maize seedlings
treated with two lepidopteran species with wounding increased the emission of Z-3-hexenyl acetate
(Yan and Wang, 2006). Application of oral secretions (OSs) of larvae of Manduca sexta along with
the wounds in Nicotiana attenuate leaves, released more amount of different Z-3-hexenyl esters as
compared to only wounded leaves (Gaquerel et al., 2009). The verb “to prime” is generally used to
describe a situation where someone is already prepared to counter the coming events. In plant “to be
primed” means it has already activated its inducible defense mechanism against future threats coming
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from different biotic factors. Several synthetic and natural chemicals such as salicylic acid, p-
aminobutyric acid, and benzothiadiazole have been demonstrated for their plant priming properties.
Recently, role of GLVs in herbivory induced indirect defense through priming has been demonstrated
in several plants. In lima bean plants, herbivore attacks release some volatile compounds that can
induce the synthesis of extra-floral nectar in surrounding healthy plants to attract the enemy arthropod
to confer the indirect defense against pests (Heil and Kost, 2006). It has also been found that
Spodoptera littoralis showed a lower growth rate in maize plants, primed by GLVs. Volatile
compounds, emitted from these primed maize plants were attracting parasitic wasp Cotesia
marginiventris to confer indirect defense (Ton et al., 2007).

GLVs against pathogen:

Antagonistic effects of oxylipins on several phyto pathogens have been evident in several recent
studies (Prost et al., 2005). Several common oxylipins were tested for their efficacy against different
microbes and found to be very efficient against eukaryotic pathogens (Prost et al., 2005). In the
naturally growing population of Phaseolus lunatus, nonanal was found to be the key compound that
can activate the PATHOGENESIS RELATED PROTEIN 2 (PR-2) gene for defense purposes (Yi et
al., 2009). Arabidopsis plants harbouring the HPL gene showed increased resistance against the fungal
pathogen Botrytis cinerea due to increased accumulation of C6 aldehyde. However, the reverse
situation was evident in HPL suppressed Arabidopsis plants (Kishimoto et al., 2008). Tomato plant
expressing tea HPL gene showed a significant increase in resistance against Alternaria alternata f.
sp. Lycopersici (Xin et al., 2014). Fungal infections increase GLVs formation in plants but the exact
reason behind this phenomenon is unclear and a subject of severe investigations for the last few years.
Plants may be producing more amount of GLVs due to fungal invasion or the pathogen itself
promoting GLVs formation to increase their virulence or GLVs are producing for the cellular damage
caused by invading pathogens. Invading pathogens generally release some effector molecules (toxins)
to suppress the plant defense, which imparts oxidative stress on plant cells. This stress leads to
membrane disruption and the release of fatty acid from the membrane. These free fatty acids are the
main precursor for GLVs formation. It has been found that invading Fusarium graminearum produced
effector molecule lipase FGL1, which increased the formation of free fatty acids and therefore,
increased the substrate for GLVs biosynthesis (Blimke et al., 2014). Fungal infection interferes in the
plant hormonal system related to defense and therefore, alters the GLVs and JA formation.

Signal perception and transduction of GLVs in plants:

The role of GLVs in plant defense against herbivory and pathogens has been well documented in
several reports. The efficacy of priming of GLVs has already been established by several
investigations. However, the mechanisms of perception of GLV signals by plants and the subsequent
transduction to the plant cells have not been clearly understood. The perception of volatile compounds
through receptor proteins in insects and the subsequent formulation of these olfactory signals has been
deciphered at molecular and cellular levels. In plants, receptors related to volatile signal perception
except for ethylene have not been well understood (Schaller and Bleecker, 1995). Plant volatiles have
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mostly been taken up through stomatal pores or by the adsorption process on the leaf surface (Matsui,
2016; Wang and Erb, 2022). GLVs reach the plant membrane by stomata or adsorption process but
the mechanism of crossing the cuticle and cell wall layer is still unclear. According to Heil (2014)
due to the lipophilic nature of GLVs, they can easily be dissolved into the plasma membrane and
reach the cytosol of the plant cell. In the cytosol, GLVs can be metabolized through glutathionylation
and glycosylation. The glutathionylation of E-2-Hexenal and glycosylation of Z-3-Hexenol have been
reported in plants (Davoine et al., 2006; Sugimoto et al., 2014). GLVs have also been found to
depolarize the membrane potential along with the increase in cytosolic Ca* concentration in different
studies (Zebelo et al., 2012). Released Ca?" in the cytosol may act as a crucial secondary messenger
to activate different genes related to defense and other physiological processes. Transcriptional
activation of WRKY 40 and 6, transcription factors crucial for abiotic stress management and defense
in plants have been evident due to exposure to GLVs in Arabidopsis (Mirabella et al., 2015). Apart
from all, GLV-specific receptors have not been identified and many downstream molecular players
related to signaling have not been elucidated. Therefore, severe investigations are needed to elucidate
the molecular mechanisms of GLVs perceptions and signal transductions in plants.

Conclusions:
The direct and indirect defense mechanisms of plants have been studied extensively and elucidated

in the last few decades. The role of volatile jasmonate and salicylate, as crucial players in plant defense
has also been established. Recently, GLVs have emerged as another key mediator of plant defense
responses. Several experimental outcomes proved its tremendous potential as a defense molecule
against herbivores and pathogens infestations. Plants exchange different communication signals
among themselves utilizing several volatile molecules to survive and sustain in nature. Plants are
found to emit GLVs as alarm signals to their neighbour when are being attacked by different biotic
threats. GLVs are also found to develop immunity in different plants through the priming process.
However, the molecular mechanisms of GLVs perception and its transduction in plants are not clearly
understood. Advanced biochemical strategies and genetic engineering tools may help us to decipher
this process which will help us to induce immunity in the agriculturally important crops. Thus, plants
will be able to produce their pesticides, antimicrobial compounds, and herbicidal molecules mainly
through GLVs. These practices will ultimately reduce the use of toxic effects of pesticides, and the
cost of agriculture.
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Drinking Water Pollution: The Microbiological Approach
Dr. Subrata Giri
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Abstract:

Water is one of the most essential constituents of the environments. It is the vital source of a kind of life on
earth. The quality of drinking water has always been a major health concern, especially in developing countries.
The inaccessibility of potable water to large segment of a population in the rural communities is the major health
concern in most part of developing countries. This study was designed to evaluate the physico-chemical and
bacteriological qualities of drinking water of different sources mainly from ground water and running tap water
in Midnapore sadar block of Paschim Medinipur and their comparison. It was found that Total hardness of ground
water was always higher than tap water. Biological oxygen demand also higher in ground water than tap water.
Bacteria from collected water samples were quantified by dilution plate technique. MPN Test were applied to
detect the presence of coliforms, which may be pathogenic in nature and are responsible for the cause of diseases
like cholera, dysentery, tuberculosis, etc. in man and domestic animals. Few of these water sources are not
suitable for domestic and drinking purposes. Out of four sites, tap water of Midnapore college campus is more
suitable for drinking purpose as it shows negligible number of coliform bacteria. Both the water sample (ground
water and tap water) from Rajabazar area are more polluted which correlate with physico-chemical as well as
microbiological parameters. Therefore, proper treatment is necessary for domestic use of this water.

Introduction:

Water is one of the essential natural resources on the planet. More than 70% of the Earth's
surface is covered in water and one of the most important and abundant compounds of the
ecosystem. Humans can consume only about 0.3% of it. Anthropogenic development of any
civilization depends on their fresh water resources. These Water resources include surface water
and ground water. As we all know that groundwater is the main source of irrigation and domestic
water in the most part of the world. Here surface water is most responsible for maintaining ground
water level and fresh water resources in the planet.

Water quality is a critical factor affecting human health and welfare. Studies showed that
approximately 3.1% of deaths (1.7 million) and 3.7% of disability-adjusted-life-years (54.2
million) worldwide are attributable to unsafe water, poor sanitation and hygiene. The problem is
the backward socio-economic development resulting in one of the lowest standard of living, poor
environmental conditions and low level of social services. Water meant for drinking must
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therefore meet quality standards. Water quality is essentially determined by its physical and
chemical characteristics. Naturally, ground water contains mineral ions. These ions slowly
dissolves from soil particles, sediments, and rocks as the water travels along mineral surfaces in
the pores or fractures of the unsaturated zone and aquifer (Timothy O. et.al. 2023)

As water pollution is getting serious, houses especially in the urban area started to equip with
a water filter system. People are concern with the presence of pollutants such as heavy metals
and toxic chemical in their daily drinking water (Patil et.al.2012; Mondal et al., 2022). Filtered
water is the main source of safe and reliable drinking water. However there is still a debate on
the efficiency of filtration system to comply with the regulations as water that physically looks
colourless, odourless and even tasteless is not sufficient to determine that the water is safe for
consumption. In fact, the drinking water should be examined on microbiological and
physicochemical quality. The WHO in its 2002 report, recommended that increased emphasis be
placed on home water treatment and storage, and that more research should be conducted to
assess the health benefits of such interventions. Contaminants can be in the form of
microorganism that barely visible in unaided eyes. A number of authors have reported a
statistically significant deterioration in the microbiological quality of water between the source
and point of use in the home.

The natural and manmade factors responsible for water pollution. Sewage sludge solid wastes
etc. produces significant amount of chemical besides heavy metals which could adversely affect
the human health, vegetation aquatic life forms and ecosystem. The physicochemical parameters
are disturbed due to introduction of several inorganic ions. A part of these ions introduced several
other inorganic and organic wastes disturb the quality of water. Such as hardness, Ca and Mg
hardness, pH Increase in the concentration of these parameters beyond permissible limit
adversely affect the aquatic flora and fauna which in turn affect the ecosystem of water body
sometimes causing adverse damages.

The only source of water for drinking and agricultural purpose throughout the Medinipur city,
west Bengal, India is the underground water. In nature, the hydrochemistry of the water sources
were affected by a rich of metal ions and other physical factors that leads the water more polluted.
In this work, the physico-chemical analysis of drinking water quality was studied at Medinipur
city, Paschim medinipur. The main aim of this study was to carried out different physcochemical
parameters of water samples collected from different sites of Medinipur City and to recommend
the whether it is potable or not. The major water quality parameters considered for the
examination in this study are like pH, temperature, total dissolved solids (TDS), dissolved oxygen
(DO), total hardness and alkalinity.

Material and Method:
Area of Study :

The study was conducted in Midnapore town and its surroundings in West Midnapore district
of West Bengal. The area is located at longitude 87°10'E to 87°20'E and latitude 22°22'N to
22°30'N and is 23 meter above sea level. The climate follows a hot tropical monsoon weather
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pattern. Vegetation includes eucalyptus and sal forest on the North West side of town. Arabari,
the forest range which was the site of India's first Joint Forest Management scheme, is only 30
km away. 4Water is a scarce resource in Midnapore. Most of the water comes from the Kasai
River, which shrinking in size every year due to over-exploitation. The municipal water supply
Is free but not ample; tap water is available for about two hour twice a day and is stored by those
who can, in plastic, metal, or concrete reservoirs or in buckets. The water is of questionable purity
prompting the proliferation of individual water purification units. In this study drinking water
sample are tap water as well as domestic well water collected from (1) Pramodnagar (2) Town
colony (3) Medinipur college campus and (4) Razabazar area

Sampling, Preservation and Methods of analysis:

Total 4 water samples from each Sources were collected. The samples were collected during
the month of April and May in 2023. All samples were collected in high-density plastic bottles.
During sampling sample bottles were cleaned with ambient water before taking the samples.
During whole study AR grade chemicals were used. The analysis is based on APHA (2005, 2019,
20" eds.) for examination of water and wastewater. Parameters like pH, turbidity, and
temperature were checked at 15 to 17 random points at each site and considered the average for
each site while the rest of the parameters were checked in the laboratory, and methods for
analyzing these parameters are shown in the table below. Some standard preservative media was
used to preserve the samples till it use for analysis in laboratory.

Table 1: Methods for water analysis parameters (physicochemical).

Parameters of water Analytic methods
1 Colour Visually
2 PH Potentiometric
3 Temperature Thermometric
4 Electrical Conductivity(EC) Conductometric
5 Total Dissolved Solids(TDS) Gravimetric
6 Total suspended solids(TSS) Gravimetric
7 Total hardness(TH) titrimetric
8 Dissolved oxygen (DO) Winkler method
9 Biological oxygen demand (BOD) Std. five days incubation
10 Total bacterial counts Plate count technique
11 Total coliform bacteria ~ counts MPN method through MTF
12 No of phytoplankton Microscopic

Total bacteria:
For bacterial analysis of water and sediments, a water sample was collected in autoclaved glass

bottles, and the sediment sample was collected in a Petri plate with the help of a sieve. Water
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samples and sediment samples were serially diluted up to 10-4 dilution and 0.1ml of each dilution
were inoculated in nutrient agar media by spread plate method. After inoculation all plates were
incubated at 370C in the incubator for 48 hours. Then different types of bacterial colonies were
seen on the petri plates. The bacterial colonies were counted for Colony Forming Unit.

Total coliform Bacteria:
Conventional MTF technique was used to determine the most probable number (MPN) of
coliform bacteria present in those Well water. This technique normally involves three steps.

Presumptive Test:

Differential medium for the isolation of coliforms was MacConkey broth - Purple. Three broth
tube series — the first series containing 3 double-strength broth tubes and the remaining two series
comprising 6 single-strength broth tubes — were inoculated with 10ml, 1ml, and 0.1ml of water
(ratio 3:3:3), respectively. Tubes were incubated at 370C and observed at 24 and 48 hours. A
presumptive test is positive for coliforms if acid and gas are produced in Durhams tubes.

Confirmed Test:

To eliminate false-positives from non-coliform organisms, eosin methylene blue (EMB) agar
plates were inoculated with a loop-full from each positive presumptive broth tube by streaking
across the agar surface. Plates were incubated for 24 h at 370C.

Completed Test:

Finally, nutrient agar slants and Mac Conkey broth tubes were inoculated with distinct
colonies picked from cultured isolates on EMB agar plates. After incubation for 24 h at 370C,
broth cultures were observed for acid and gas production and cultured isolates on agar slants were
gram stained using technique described by Aneja (2003).

Quantification of plankton:

For biological analyses Collection, preservation and qualitative assessment of phytoplankton
were done by following Khondker and Kabir (1995) and Johansen (1940) using microscope. The
average number of phytoplankton was expressed per liter of original water by using the following
equation:

Phytoplankton (No. / ml) =C x100/AxDxF

Where, C= Total no of phytoplankton counted;
A= Area of field counted,
D= Depth of the field on mm
F = No. of fields counted.

Result and discussion:
Physicochemical parameters: The colours of the investigated ground water and tap water

were observed visually. The observed colour was in majority of wells bluish clean but light dim
in Towncolony Sarkar Well and bluish-green in Towncolony Mazumder Well (2). Light green
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colour represented lower planktons, where the greenish blue and brown colour represented higher
planktons (Islam et al., 2015). Baruah et al. (1997) reported that, a well and phytoplankton
enriched water body appears to be dark greenish blue. Higher plankton concentrations sometime
are responsible for blooming, which results less oxygen in water. All the tap water are colour
less.

Surface water temperature could be influenced by factors such as geographical position,
seasonality, diurnal period, circulation of air, quantity of cloud cover, depth of water and its flow
rate (Mobin etal., 2014). Water temperature range of all collected samples was 28.5-29.0C during
the month of April. According to EQS (1997) standard temperature for surface water is 20 to
300C for sustaining aquatic life. Generally aquatic organisms are affected by pH, because most
of their metabolic activities are dependent on it. It is an important indicator of water quality and
sustaining life in aquatic ecosystem (Kumar et al., 2011). High pH levels are undesirable since
they may impart a bitter taste to the water. The pH of all collected water samples were 7.29-7.72
with an average 7.20+0.29.(Table 1), result showed that, pH values are within the permissible
limit. Similar analysis has done by Islam and Azam (2015). Fluctuations in pH values within
different sampling points attributes the factors like removal of CO2 by photosynthesis through
bicarbonate degradation, dilution of waste with fresh water, reduction of temperature, and
decomposition of organic matter (Rajasegar, 2003).

Dissolved oxygen (DO) is one of the most vital parameters in water quality assessment and
reflects the physical and biological processes prevailing in the water (Trivedi and Goel, 1984).
Adequate DO is necessary for good water quality, survival of aquatic organism and
decomposition of waste by microorganism. Where the rates of respiration and organic
decomposition are high, the DO values usually remain lower, than where the rate of
photosynthesis is high. The DO of all collected ground water samples were 4.56-5.58mg-1 with
an average value of 4.88+0.40 mg-1(Table 1). The trend of DO level in investigated tap water
found to be little higher, but some fluctuation observed in case of Razabazar area and Midnapore
college campus. Well of Towncolony Mazumder Well (2) where values are 5.57 mg-1 and 5.58
mg1l respectively. According to Patil et al. (2012) the optimum range of DO in natural water is
4.0-6.0 mg-1. Based on the study, the measured values of DO level of all water samples were in
good condition. Biochemical oxygen demand (BOD) is a measure of the oxygen in the water
that is required by the aerobic organisms. High BOD levels indicates lower in DO, because the
oxygen that is available in the water is being consumed by the bacteria leading to the inability of
fish and other aquatic organisms to survive. The BOD of all collected water sample were within
range of 0.65-1.01 mg-1 with an average value 1.02+0.32mg-1 (Table 1).The permissible limit
for BOD for drinking water is 0.2 mg-1, for recreation 3mg-1 and 10 mg-1 for irrigation 10 mg-
1 (ECR, 1997). In our observation BOD of Town colony Dutta Well is more or less higher (1.01
mg-1) than other wells which indicates that the water is not for domestic use. Water of other
Wells also not suitable for drinking purposes.

In water, Total Dissolved Solids (TDS) are composed mainly of carbonates, bicarbonates,
chlorides, phosphates and nitrates of calcium, magnesium, sodium, potassium and manganese,
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organic matter, salt and other particles. The range of TDS values were 0.11 - 0.78 mg-1.but
slightly higher in Town colony Dutta Well. Similar works have done by Tavares et al. (2010) and
Meghla et al. (2013).

Electric conductivity (EC) itself is not a human or aquatic health concern, but it can serve as
an indicator of other water quality problems. High values of EC show that a large amount of ionic
substances are present in water (Patil et al., 2012). The conductivity of Towncolony Sarkar Well
is higher than others Wells indicates that this pond contains large amount of ionic substances.

Physico-chemical Profile (Table): 1
Ground water:

Name of the

source of
water

TDS

(mg\l)  (ppm)

TSS

TH
(Ppm)

DO
(mg/l)

1 | Promodnagar |7.55 | 28 0.54 738 285 355 4.56 6.8

2 | Towncolony 8.12 | 285 0.46 580 320 406 5.57 3.2

3 | Midnapore 7.32 | 28.60 0.32 | 854 225 230 4.54 35
college
campus

4 | Razabazar 7.11 | 285 0.46 1450 750 212 5.58 6.6
Tap water:

Name of the DS

(mog\l)

TSS
(ppm)

TH
(ppm)

DO
(mg/1)

source of
water

1 | Promodnagar | 6.66 | 28.5 0.42 540 335 176 6.56 3.8
2 | Towncolony 7.78 | 29.5 0.60 430 456 212 4.12 2.5
3 | Midnapore 7.86 | 29.5 0.55 | 425 345 118 3.32 1.5
college
campus
4 | Razabazar 6.44 | 295 |0.62 1092 721 115 7.5 5.8

Table 2: Bacterial count and population of phytoplankton on different areas:
Ground water:

Total bacterial count No of phytoplankton

Name of the wells

(x 10% cfu/ml) (orga./ml)
1. Promodnagar 6.8 24
2. Towncolony 5.8 23
3. Midnapore college campus | 6.5 25
4. Razabazar 8.2 40
Tap water:

Total bacterial

count No of phytoplankton

Sr. no Name of the wells
(orga./ml)

(x 10* cfu/ml)
3.2 00

1. Promodnagar
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2. Towncolony 2.4 00

3. Midnapore college 1.5 00
campus

4. Razabazar 4.4 00

Table 3: Most Probable Number of Coliform Bacteria in water sample of Different areas:
Ground water:

Well Sources ther Total Number N_umber of MPN Per
Quantity(ml) of tubes positive Tubes 100 ml.
10 3 3
Promodnagar 1.0 3 2 1100
0.1 3 1
10 3 2
Towncolony 1.0 3 3 460
0.1 3 2
. 10 3 3
coll\l/gg: ?:g(r)rrgus L0 3 2 140
0.1 3 2
10 3 3
Razabazar 1.0 3 3 2460
0.1 3 2
Tap water:
Water Vel Number of MPN Per 100
whie)) Smess Quantity(ml) NI positive Tubes ml
of tubes ;
Promodnagar 10 3 3 249
1.0 3 3
0.1 3 0
Towncolony 10 3 3 150
1.0 3 1
0.1 3 1
Midnapore 10 3 3 43
college campus 1.0 3 1
0.1 3 0
Razabazar 10 3 3 1100
1.0 3 2
0.1 3 1

Microbiological parameters
A detailed comparative study was made using microbiological examination on selected

community Wells water and tap water in Midnapore Sadar block for the detection of various
bacteria and their population .Total heterotrophic bacterial load of those ground water sample
sources ranges from
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5.8x104 CFU/ml (Towncolony) to 8.2x104CFU/mI (Razabazar) (Table 2). This is consistent
with the study of Jun et al. (2000) who reported microbial load of aerobic heterotrophic bacteria
in the Wells water which fluctuated between 0.01 and 8.7x105CFU /ml. Though microbes can
serve as food source to fishes, some nutrients can also be obtained through the sediment sources;
hence, high microbial load can be harmful to health. Sun and He (1997) and Jun et al. (2000)
show that the different types of community swage are the sources of bacterial contamination. The
population of total bacteria in tap water is less than the ground water, but the tap water of the
Rajabazar area shows 4.4 x 104 cfu/ml of water, which is higher than other tap water.

Coliform counts per unit sample sources also show some levels of contamination. Over the
years, the detection and isolation of pathogens from water have proved difficult and indicator
organisms are used as surrogates. Coliform bacteria were initially used for formulating (Stevens’s
et al.2003) water quality standards due to their ease of enumeration via the Multiple-Tube
Fermentation (MTF) technique until recent discovery about total coliforms originating from
dissimilar sources (WHO 1997). While coliform genera like Escherichia and Klebsiella are
mostly native inhabitants of the intestinal tract, others like Enterobacter and Citrobacter can
originate from faecal, plant and soil materials (Stevens et al. 2003). In our observation, we found
MPN of coliform in high ground water of Razabazar and Promod Nagar, whereas tap water shows
little contamination. High levels of contamination with the presence of these indicator organisms
could be alarming and could be linked to neglecting sanitation practices in municipal areas. It
could also be a result of an increase in the rate of microbial infiltration, possibly due to fecal
contamination (Nakade, 2013), either of animal or human origin.

Attempts have been taken to evaluate the number of phytoplankton present in the above ponds
at a particular time. Generally, phytoplankton or algae are indicators of water quality and indicate
the suitability of aquatic life. The ascending order of phytoplankton population: Towncolony
Mazumder Well 1 (10) < Towncolony Sarkar Well (25) < Towncolony Mazumder Well 2 (27) <
Towncolony Dutta Well (75). The higher concentration of plankton in community ponds
indicates healthy water in terms of aquatic life (Airsang and Lakshman, 2013).

Conclusion:
The results obtained during the present study were compared with standards and it was found

that some of the parameters in all these four wells were near to the limits or above desirable
limits. So, it can be concluded that water of all those wells (ground water) are not potable and the
tap water of few places are potable. Both the Ground water and tap water of Razabazar area are
not suitable for drinking purposes.
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A Short Review on Beneficial Effects of Selenium on Human Health
Dr. Prosenjt Ghosh

Keywords: Selenium, Cancer, antioxidant, cardiovascular

Abstract:

The trace element Selenium (Se) is an essential micronutrient for humans and animals. The beneficial effects of
Se range from maintenance of metabolic processes, bone stability, immune and endocrine system, helping in
reproduction to prevention of various diseases including cancer, brain disorders, asthma etc. Meat, fish and
dairy products are considered as best sources of dietary Se. It is an important constituent of two amino acids:
selenocysteine and selenomethionine. These two amino acids help to form several essential enzymes in human
like thioredoxin reductases, glutathione peroxidases, iodothyronine deionidases and selenoproteins such as
selenoprotein O, selenoprotein P or selenoprotein R. Deficiency of Se results in the development of many
serious health effects in humans including Keshan disease. So, studies on various aspects of Se have become
topic of interest amongst researchers.

Introduction:
After its discovery by the Swedish chemist J.J. Berzelius in 1817, Selenium (Se) drew

attention of researchers only in the last few decades of twentieth century. At first, Selenium(Se)
was believed to be a toxic material to humans, until its critical functions were confirmed in the
last decade (Lenz and Lens, 2009). Its importance in humans has now become well established,
and its deficiency has been found to cause several critical serious health issues in humans
(Michelle et al., 2012). It is one of the principal trace elements, located in the 34" position in
the periodic table. The role of Selenium(Se) in the preservation of numerous bodily processes
in humans is being investigated by a large number of researchers. This trend has significantly
increased the number of Selenium research in recent times. Selenium(Se) has been found to
play an important role in prolonged fertility in males, functions as a regeneration agent, and has
impact on endocrine gland (Kieliszek and Bano, 2022). Because of its antioxidant properties, it
plays a crucial role in the pathogenesis and pathophysiology of a variety of disorders such as
oxidative stress, apoptosis, inflammation, reproductive disorders, thyroid issues, diabetes and
cancer (lbrahim et al., 2019; Madhu et al., 2022, 2023). It also exerts major impacts on immune
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responses, strong memory, bone stability, embryonic growth etc (Kieliszek and Bano, 2022).
The biological roles of Se are associated with its incorporation through selenocysteine (SeCys)
into the structure of proteins crucial for metabolism (Kieliszek and Btazejak, 2013).

Naturally, Se exists in both inorganic and organic forms. The inorganic forms comprise
selenite, selenate, selenide, and elemental Se (Kieliszek, 2019). Inorganic selenite and selenate
occur in soils and are taken up by plants, where they are converted into organic forms and their
methylated derivatives. Skeletal muscles have been shown to store 28 to 46 % of the total Se
pool, and thus making it the most significant site of storage (Hariharan., and Dharmaraj, 2020).
The organic form of Se is found in the Se containing amino acids such as selenomethionine
(SeMet) and SeCys (Kieliszek, 2019). In higher animals and humans, Se has been reported to
be present as SeMet, which, in plant proteins replaces the methionine (Hu et al., 2018). Instead
of methionine, the body uses SeMet because of its more easy absorption and metabolism or
incorporation into proteins (Gandin et al., 2018). With methionine intake enhances, SeMet
incorporation is decreased. It mostly occurs in the skeletal muscle, pancreas, stomach, liver,
erythrocyte, kidney and gastrointestinal mucosa proteins. Release of SeMet from body proteins
is linked with protein turnover and takes place continuously (Roman et al., 2014). In mammals,
at least 30 selenoproteins have been recognized, and in humans about 25 selenoproteins have
been reported (Kryukov et al., 2003). The functional attributes of many of these selenoproteins
have yet not been completely explained, in spite of the fact that they are conserved throughout
evolution (Mix et al., 2007). Among these selenoproteins, few act as antioxidant enzymes, such
as thioredoxin reductase (TrxR) glutathione peroxidase (GPx) and iodothyronine deiodinases
(IDD) where Se acts as an important component (Tapiero et al., 2003).

Se deficiency has been found to cause various pathological disorders across the world
(Michelle et al., 2012). Reports show that people living on a special diet (due to
phenylketonuria) are particularly susceptible to the adverse effects of Se deficiency (Eroglu et
al., 2012). Se content has been found to be very low in patients who suffer from diseases like
celiac disease, liver cirrhosis, rheumatoid arthritis and other degenerative diseases (Eroglu et
al., 2012). In addition, persons exposed to advanced chemotherapy, and patients who have
already received radiation therapy, are vulnerable to reduced expression of Se in the system
(Yao et al., 2011). Deficiency of Se causes a lot of other diseases, such as asthma resulting
from impaired GPx activity. It also results in irregular heartbeats, impaired circulation, coma,
or sudden infant death syndrome (Kieliszek, 2019; Kieliszek et al., 2016). Se deficiency results
in the development of a condition known as Keshan disease which is a paediatric
cardiomyopathy, occurs mostly in young women of reproductive age and children of about 2—
10 years old (Hadrup, N., and Ravn-Haren,2020). Excessive dietary intake of Se has been
found to cause food poisoning leading to diarrhea, nausea, and vomiting (Rayman, 2008; Thiry
et al., 2012). Se in air, water and soil enters into the food chain through accumulation in plant
tissues. The main sources of inorganic Se are plants and this inorganic Se is less digestible
while the organic forms of Se are considered more digestible. Animal tissues and products
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especially meat, fish, and dairy products are considered as good sources of organic Se
(Kieliszek., and Bano, 2022). Brazil nuts and mushrooms are alternate sources of Se (Chen et
al., 2021). Some fruits and vegetables as well as cereal products have high content of this
micronutrient. The most important ones are cruciferous vegetables (Brussels sprouts, white
cabbage, cauliflower) and garlic vegetables (Kieliszek., and Bano, 2022).

Some of the beneficial effects of Se on human health are describes here.

Acts as a potent antioxidant

Overproduction of different types of reactive oxygen species (ROS) in body or their
accumulation due to external stress leads to the development of oxidative stress (OS). Damage
to proteins, lipids or DNA by ROS impairs signal transduction pathways which in turn destroys
overall cellular functions (Roman et al., 2014). Hence, OS is considered to be associated with a
number of human disorders which includes cancer, cardiovascular and neurological diseases,
and the aging process (Kieliszek., and Bano, 2022; Tsuji et al., 2021). GPx and TrxR, working
as thiolredox systems neutralize OS through the reduction of H20 and lipid hydroperoxides in
the body. One of the very crucial features of Se is its association as a constituent of various
critical antioxidant compounds and the particular oxidation properties of the antioxidant
molecule thioredoxin reductase. GPX protects membrane integrity by reducing ROS
metabolites (Tinggi, 2008).

May reduce risk of certain cancers

Se has drawn the interest of researchers for the prevention and treatment of cancer (Kieliszek
et al., 2017). The therapeutic use of Se in cancer is a point of argument. In the treatment of
cancer using Se, several factors including the form of Se, the dose used, the period of action
and the properties of the neoplastic cells determine the mechanisms resulting in the death of
neoplastic cells. Because of the specificity of Se, it is considered as "an element with double
edged sword". Se exhibits antioxidant characteristics in low doses while prooxidative properties
in high doses (Wallenberg et al., 2014). Small concentrations of Se exert protection to both
healthy and neoplastic cells. The cells get protections against the toxicity resulted from the
oxidative stress and it also helps in DNA repair. Conversely at a higher concentration, Se has
been found to reduce the risk of carcinogenesis and all types of cellular mutations. Se has a
considerable impact on the expression of genes involved in the inflammatory responses as well
as in the cytoskeleton remodelling (Misra et al., 2015). In vitro studies show that Se inhibits
migration in neoplastic cells and exhibits an anti-angiogenic effect. Thus, it prevents new blood
vessels formation, which is a major feature of malignant neoplasms. Actually, prevention of
cellular mobility is inhibition of the development of tumor metastasis. This association has been
corroborated in the case of prostate, breast, lung, or colon cancer, and also in the case of lymph
node metastases. The knowledge regarding the anticancer mechanism of Se is limited in spite
of the fact that the relationship between Se deficiency in blood and increased risk of cancer has
been demonstrated in several occasions. The strong anti and prooxidative features of Se make it
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suitable for anticancer therapy. Inside the cancer cells, ROS produced in the glycolysis and the
pentose phosphate cycle disrupts the pro and antioxidant equilibrium (Kieliszek and Bano,
2022). Through the generation of ROS and modification of the thiol group, Se exerts its effects
on cancer cells. This activity of Se triggers the disruption of transcription and brings about
changes in endoplasmic reticulum (Zhao et al., 2020; Razaghi et al., 2021). In this connection,
it must be mentioned that Se through its cytotoxic effect damages cancer cells which may be
useful in the treatment of advanced forms of cancer. Selenite (IV) is used in the treatment of
cancer of different organs, including the uterus, lungs, and prostate. Selenite has been shown to
have the potential to initiate its effect on developed prostate tumors (Fernandes and Gandin,
2015).

May protect against cardiovascular diseases

It is considered that an antioxidant plays a vital role in the prevention of atherosclerotic and
cardiovascular disease (CVD) events (Benstoem et al., 2015). Deficiency of Se has been
reported to be strongly associated with cardiomyopathy, which occurs in countries with
considerably low Se intake (Thomson, 2004). Numerous studies have been accomplished for
the evaluation of effect of Se on CVD risk (Kuria et al., 2021; Jenkins et al., 2020; Gharipour et
al., 2017). Both low and high levels of Se have severe impacts on the cardiovascular system. A
trial was conducted with a 7.6-year follow-up in Eastern USA, to assess the effect of Se
ingestion on CVD prevention. The incidence of complete cerebrovascular injuries, myocardial
infarction and CVD were assessed, and it was observed that there is no benefit of applying 200
pg/day of Se in general to prevent CVD (Stranges et al., 2007). Studies that aim in showing
implications of Se deficiency in heart disease development missing infectious origin have
shown that link between an insufficient intake of Se and cardiac dysfunctions may be caused by
oxidative stress and its complications. Animal experiments using a variety of medications and
formulae of Se, as well as trials in GPx mouse models have shown a vital role of Se in
counterbalance reactive oxygen and nitrogen molecules, triggering prevention of organ injury
after myocardial reperfusion. Besides GPx subtypes, TRXR is thought to have particular roles in
the cardiovascular system, which is brought about by the oxidation of intraspecific and
extracellular signaling molecules by influencing adaptive responses like remodeling (Maulik
and Das, 2008; Ago and Sadoshima, 2006). In addition, some experiments with animal models
have reported that Se deficiency has resulted in the downregulation of low-density lipoprotein
(LDL) receptor, which is crucial for controlling plasma cholesterol levels (Dhingra and Bansal,
2006).

Helps prevent mental decline and brain disorders

Se and selenoproteins performs a major physiological function in neurons, astrocytes, and
microglia. Reduction in the level of Se and selenoproteins may lead to brain dysfunction. With
increasing age reduction in the brain Se levels takes place, and this decrease is thought to be
associated with cognitive decline (Whanger, 2001). In addition, Se functions in the prevention
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and treatment of Alzheimer's disease (AD), either alone or in combination with other
substances. Researches have shown that Se levels in the brain tissues of AD patients are
distinctly lowered, especially in the hippocampus and in the frontal, parietal, temporal and
occipital lobes (Loef et al., 2011; Castafio et al., 1997; Wenstrup et al., 1990). It has been
shown by various in vitro experiments that Se provides protection to the brain against poisons
that result in Parkinson's disease symptoms continuing for an indefinite period in the body
(Kieliszek and Bano, 2022). The association between Se and epilepsy has also been
demonstrated. Use of Se in the treatment of epilepsy has become promising because epileptic
patients have often been encountered with decreased serum and erythrocytic Se concentration.
During epilepsy, Se gets depleted in the brain which is thought to be responsible for the
beginning of seizures (Dominiak et al., 2016).

Important for thyroid health

Se plays an important role for the appropriate functioning of thyroid gland. In true sense,
thyroid tissues are having a higher amount of Se compared to other organs of the human body
(Ventura et al., 2017). This essential trace element exerts its protective role towards the thyroid
gland against oxidative damage and carries out a crucial role in thyroid hormone production. Se
deficiency has been found to trigger the development of thyroid conditions like Hashimoto’s
thyroiditis. It is a type of hypothyroidism in which the thyroid gland comes under the attack of
the immune system. A study on more than 6000 people revealed that low serum Se level was
the reason for the development of autoimmune thyroiditis and hypothyroidism (Wu et al.,
2015). In addition, a number of studies have reported that Se supplements may have beneficial
effects on people with Hashimoto’s disease. Furthermore, one review showed that three months
daily intake of Se supplements resulted in the reduction of thyroid antibodies. It also improved
the general health and mood of patients suffering from Hashimoto’s disease (Toulis et al.,
2010).

Boosts immune system

For proper functioning of various cells of the immune system such as natural Killer (NK)
cells, macrophages, neutrophils and T lymphocytes, Se plays an important role. An appropriate
increase in serum Se concentration in the diet helps to ameliorate OS, inflammation, and the
spread of infectious diseases (Roman et al., 2014). Immunoglobulin production is augmented
by Se, while its absence or poor concentration in the body results in reduced synthesis of
Immunoglobulin and antibody (Xia et al., 2021). Leukotriene B4 production in Se deficient
people has been shown to be increased by Se supplementation. This enhancement in
Leukotriene B4 production in turn improves neutrophil chemotaxis. NK cell activity has also
been shown to be impacted by Se (Tsuji et al., 2021).

Se and Type 2 Diabetes Mellitus

According to many in vitro and in vivo experiments, Se has an important role in the
regulation of glucose homeostasis. Se also carries out a lead role in the postponement of
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diabetes development and its progression. Se also has the ability to act as mimetic insulin in the
form of selenite (Kim et al., 2019; Fontenelle et al., 2018; Wang et al., 2020). At the plasma
concentration of nearly 140 ng/mL, Se has been shown to be linked to increased type 2 diabetes
(T2D) risk (Bleys et al., 2007; Sarkar et al., 2023; Sur et al., 2023; Biswas et al., 2023; Roy et
al., 2023; Acharya et al., 2023). SePs are important physiological antioxidants which possess
insulin like properties capable of impeding the signalling of insulin (Bellinger et al., 2009).

Selenium for bone stability

The vigour of the skeletal system is critical for the elderly persons. To develop the strategies
for early-life therapies, a complete knowledge regarding the connection between Se and bone
strength is absolutely necessary (Zeng et al., 2013). OS results in the development of
osteoporosis by triggering the suppression of osteoblastic proliferation of bone marrow stromal
cells. SelPs which are expressed in human embryonic osteoblasts, by preventing OS confers
protection to the bone (Kieliszek M., and Bano, 2022). Se accomplishes an important role in the
links between Se and bone mineral density (BMD) as Se is a key element of SelPs (Beukhof et
al., 2016). There are no less than ten studies that have established the links between serum or
nutritional Se concentrations and BMD, osteoporosis or osteoporotic fractures. Lack of Se has
been reported to be responsible for the development of a condition of osteoarthropathy in
Kashin Beck disease (KBD). This can be explained by the fact that any shortage of Se affects
the production of many antioxidant SelPs, which impairs bone metabolism and promotes
osteoarthropathy (Yang et al., 2022).

Selenium for reproduction

Micronutrients play numerous crucial functions in a variety of biological processes,
including growth and reproductive capacity. And any impairment in their concentrations poses
significant impacts on vital physiological processes such as fertility. In both men and women,
reproductive function is affected by Se level. During folliculogenesis, Se has been
demonstrated to control the multiplication and progression of granulosa cells, as well as the
production of one of the vital female sex hormones, 17-estradiol (E2). A few studies have
reported that there might exist a well established connection between Se status, female fertility,
and Se dependent catalytic interaction (Mojadadi et al., 2021). As a whole, these studies
revealed a greater association between higher incidence of female infertility and low Se
concentrations in serum and follicular fluid. Besides promoting oocyte growth, Na>SeOs has
been shown to enhance the proliferation rate in theca and granulosa cells (Basini G., and
Tamanini, 2000). Se is highly involved both in the normal sperm cell production as well as in
the spermatozoa maturation in mammals. If the Se levels become highly extreme, sperm
production is hampered. The spermatozoan maturation is critical to the semen quality as well as
male fertility; so, any disruption in this process might lead to the manufacturing of lower
quality semen and eventually infertility. So, it can be said that inadequate supply of dietary Se
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contributes to the production of semen of poor quality, which ultimately triggers infertility as
SelPs in the testis are engaged in spermatogenesis (Bano et al., 2019).

Conclusion

Works on Se throughout the last two decades have attracted the interest of a large number of
researchers. It is a unique trace element in the sense that unlike other trace elements, it offers
only a narrow range between deficiency and toxicity. An optimal level of Se is critical for
availing maximal health benefits. Research on Se and SelPs and their effects has made us
capable of developing novel compounds with medicinal properties. Yet till date SeMet and Se
metabolism remain largely unknown. How SeCys is inserted into protein and how it works is
unclear. As of now, the link between the GPx and TrxR and various diseases as well as
functional roles of these antioxidant selenoenzymes in defending cells from oxidative stress, is
well understood, but further researches is still required regarding the mechanism of action of Se
in cancer etiology as well as the mechanistic pathway by which Se gives protection to the cells
and tissue at the cellular level. More knowledge and new research in this field will explore the
positive effects of Se for the benefit of human health.

Reference

Acharya, C.K., Das, B., Madhu, N.R., Sau, S., Manna De, M., & Sarkar, B.(2023). A
Comprehensive Pharmacological Appraisal of Indian Traditional Medicinal Plants with
Anti-diabetic Potential. Springer Nature Singapore Pte Ltd., Advances in Diabetes
Research and Management, pp. 163-193, Online ISBN-978-981-19-0027-3.
https://doi.org/10.1007/978-981-19-0027-3_8

Ago, T., & Sadoshima, J. (2006). Thioredoxin and ventricular remodeling. J. Mol. Cell
Cardiol., 41(5), 762-73.

Bano, I., Malhi, M., Khatri, P., Soomro, SA., Sajjad, H., Leghari, A., et al. (2019) Effect of
dietary selenium yeast supplementation on morphology and antioxidant status in testes of
young goat. Pak J. Zool., 51, 979-988.

Basini, G., &Tamanini, C. (2000). Selenium stimulates estradiol production in bovine
granulosa cells: possible involvement of nitric oxide. Domest Anim Endocrin.,18(1), 1-17.

Bellinger, FP., Raman, AV., Reeves, MA., & Berry, MJ. (2009). Regulation and function of
selenoproteins in human disease. Biochem J., 422(1), 11-22.

Benstoem, C., Goetzenich, A., Kraemer, S., Borosch, S., Manzanares, W., Hardy, G., & Stoppe,
C. (2015). Selenium and its supplementation in cardiovascular disease - what do we know?
Nutrients., 7(5), 3094-3118.

Beukhof, CM., Medici, M., van den Beld, AW., Hollenbach, B., Hoeg, A., Visser, WE., de
Herder, WW., Visser, TJ., Schomburg, L., & Peeters, RP. (2016). Selenium status is
positively associated with bone mineral density in healthy aging European men. PLOS
One., 11(4), e0152748.

154 Life as Basic Science: An Overview and Prospects for the Future Volume: 2



A Short Review on Beneficial Effects of Selenium on Human Health

Biswas, T., Behera, B. K., & Madhu, N.R. (2023). Technology in the Management of Type 1
and Type 2 Diabetes Mellitus: Recent Status and Future Prospects. 26 pages, Springer
Nature Singapore Pte Ltd., Advances in Diabetes Research and Management. pp. 111-136.
Online ISBN-978-981-19-0027-3. https://doi.org/10.1007/978-981-19-0027-3 6

Bleys, J., Navas-Acien, A., & Gualla, E. (2007). Serum selenium and diabetes in U.S. adults.
Diabetes Care., 30(4), 829-834.

Castafio, A., Ayala, A., Rodriguez-Gémez, JA., Herrera, AJl., Cano, J., & Machado A. (1997).
Low selenium diet increases the dopamine turnover in prefrontal cortex of the rat.
Neurochem Int., 30(6), 549-555.

Chen, N., Zhao, C., & Zhang T. (2021). Selenium transformation and selenium rich foods.
Food Biosci., 40, 100875.

Dhingra, S., & Bansal, MP. (2006). Attenuation of LDL receptor gene expression by selenium
deficiency during hypercholesterolemia. Mol. Cell Biochem., 282(1-2), 75-82.

Dominiak, A., Wilkaniec, A., Wroczynski, P., & Adamczyk, A. (2016). Selenium in the
therapy of neurological diseases. Where is it going? Curr Neuropharmacol., 4(3), 282-299.

Eroglu, C., Unal, D., Cetin, A., Orhan, O., Sivgin, S., & Ozturk A. (2012). Effect of serum
selenium levels on radiotherapyas related toxicity in patients undergoing radiotherapy for
head and neck cancer. Anticancer Res., 32(8), 3587-3590.

Fernandes, AP., & Gandin, V. (2015). Selenium compounds as therapeutic agents in cancer.
Biochim Biophys Acta., 1850(8), 1642-1660.

Fontenelle, LC., Feitosa, MM., Morais, JBS., Severo, JS., Freitas, TECD., Beserra, JB.,
Henriques, GS., & Marreiro, DN. (2018). The role of selenium in insulin resistance. Braz J
Pharm Sci., 54(1).

Gandin, V., Khalkar, P., Braude, J., & Fernandes AP. (2018). Organic selenium compounds as
potential chemotherapeutic agents for improved cancer treatment. Free Rad Biol Med.,
1(127), 80-97.

Gharipour, M., Sadeghi, M., Behmanesh, M., Salehi, M., Nezafati, P., &Gharipour, A. (2017).
Selenium homeostasis and clustering of cardiovascular risk factors: a systematic review.
Acta Biomed., 88(3), 263-270.

Hadrup, N., & Ravn-Haren, G. (2020). Acute human toxicity and mortality after selenium
ingestion: a review. J. Trace Elem Med Biol., 58, 126435.

Hariharan, S., & Dharmaraj, S. (2020). Selenium and selenoproteins: it’s role in regulation of
inflammation. Inflammopharmacology., 28(3), 667-695.

Hu, Z., Cheng, Y., Suzuki, N., Guo, X., Xiong, H., & Ogra, Y. (2018). Speciation of selenium
in brown rice fertilized with selenite and effects of selenium fertilization on rice proteins.
Int J Mol Sci., 19(11), 3494.

Ibrahim SA., Kerkadi A., & Agouni A. (2019). Selenium and health: an update on the situation
in the Middle East and North Africa. Nutrients., 11(7)1457.

Jenkins, DJ., Kitts, D., Giovannucci, EL., Sahye-Pudaruth, S., Paquette, M., Blanco, MS., Patel,
D., Kavanagh, M., Tsirakis, T., Kendall CWC., Pichika, SC., & Sievenpiper, JL. (2020).

Life as Basic Science: An Overview and Prospects for the Future Volume: 2 155



A Short Review on Beneficial Effects of Selenium on Human Health

Selenium, antioxidants, cardiovascular disease, and all cause mortality: a systematic review
andmeta-analysis of randomized controlled trials. Am J Clin Nutr., 112(6), 1642-1652.
KieliszekM. (2019). Selenium-fascinating microelement, properties and sources in food.

Molecules., 24(7), 1298.

Kieliszek M. & Bano I. (2022). Selenium as an important factor in various disease states - a
review. EXCLI Journal., 21, 948-966.

Kieliszek, M., & Blazejak, S. (2013). Selenium: significance, and outlook for supplementation.
Nutrition., 29(5), 713-718.

Kieliszek, M., & Btazejak, S. (2016). Current knowledge on the importance of selenium in food
for living organisms: a review. The Molecules., 21(5), 609.

Kieliszek, M., Lipinski, B., & Btazejak, S. (2017). Application of sodium selenite in the
prevention and treatment of cancers. Cells., 6(4), 39.

Kim, J., Chung, H.S., Choi, M.K,, Roh, Y.K,, Yoo, H.., Park, J.., Kim, D.S., Yu, J.M., & Moon,
S. (2019). Association between serum selenium level and the presence of diabetes mellitus:
a meta-analysis of observational studies. Diabetes Metab J., 43(4), 447-460.

Kryukov, GV., Castellano, S., Novoselov, SV., Lobanov, AV., Zehtab, O., Guigo, R., &
Gladyshev, NV. (2003). Characterization of mammalian selenoproteomes. Science,
300(5624), 1439-1443.

Kuria, A., Tian, H., Li, M., Wang, Y., Aaseth, JO., Zang, J., & Cao, Y. (2021). Selenium status
in the body and cardiovascular disease: a systematic review and meta-analysis. Crit Rev
Food Sci Nutr., 61(21), 3616-3625.

Lenz, M., & Lens, PN. (2009). The essential toxin: the changing perception of selenium in
environmental sciences. Sci Total Environ., 407(12), 3620-3633.

Loef, M., Schrauzer, GN., & Walach, H. (2011). Selenium and Alzheimer’s disease: a
systematic review. J Alzheimer’s Dis. 26(1), 81-104.

Madhu, N.R., Sarkar, B., Roychoudhury, S., Behera, B.K. (2022). Melatonin Induced in Cancer
as a Frame of Zebrafish Model. © Springer Nature Singapore Pte Ltd. 2022, S. Pathak et
al. (eds.), Handbook of Animal Models and its Uses in Cancer Research, pp. 1-18. ISBN:
978-981-19-1282-5 https://doi.org/10.1007/978-981-19-1282-5_61-1

Madhu, N.R., Sarkar, B., Biswas, P., Roychoudhury, S., Behera, B.K., & Acharya, C.K. (2023).
Therapeutic potential of melatonin in glioblastoma: Current knowledge and future
prospects. Biomarkers in Cancer Detection and Monitoring of Therapeutics, Volume-2.
Elsevier Inc., pp. 371-386. ISBN 978-0-323-95114-2. https://doi.org/10.1016/B978-0-323-
95114-2.00002-9

Maulik, N., & Das, DK. (2008). Emerging potential of thioredoxin and thioredoxin interacting
proteins in various disease conditions. Biochim Biophys Acta., 1780(11), 1368-1382.

Michelle, RAA., Starling, ALP., Kanufre, VC., Soares, RDL., de C Norton, R., Aguiar, MJB.,
& N Januario, JN. (2012). Selenium intake and nutritional status of children with
phenylketonuria in Minas Gerais. Brazil.J Pediatr (Rio J)., 88(5), 396-400.

156 Life as Basic Science: An Overview and Prospects for the Future Volume: 2



A Short Review on Beneficial Effects of Selenium on Human Health

Misra, S., Boylan, M., Selvam, A., Spallholz, JE., & Bjornstedt M. (2015). Redox-active
selenium compounds—from toxicity and cell death to cancer treatment. Nutrients., 7(5),
3536-3556.

Mix, H., Lobanov, AV., & Gladyshev, VN. (2007). SECIS elements in the coding regions of
selenoproteins transcripts are functional in higher eukaryotes. Nucleic Acids Res., 35(2),
414-423.

Mojadadi, A., Au, A., Salah, W., Witting, P., & Ahmad G. (2021). Role for selenium in
metabolic homeostasis and human reproduction. Nutrients., 13(9), 3256.Rayman, MP.
(2008). Food chain selenium and human health: emphasis on intake. Br J Nutr., 100(2),
254-268.

Razaghi, A., Poorebrahim, M., Sarhan, D., & Bjornstedt (2021). M. Selenium stimulates the
antitumour immunity: Insights to future research. Eur J Cancer., 155, 256-267.

Roman, M., lJitaru, P., & Barbante C. (2014). Selenium biochemistry and its role for human
health. Metallomics, 6(1), 25-54.

Roy, R., Chakraborty, A., Jana, K., Sarkar, B., Biswas, P., & Madhu, N.R. (2023). The Broader
Aspects of Treating Diabetes with the Application of Nanobiotechnology. Springer Nature
Singapore Pte Ltd., Advances in Diabetes Research and Management, pp. 137-162, Online
ISBN-978-981-19-0027-3, https://doi.org/10.1007/978-981-19-0027-3 7

Sarkar, S., Sadhu, S., Roy, R., Tarafdar, S., Mukherjee, N., Sil, M., Goswami, A., & Madhu,
N.R. (2023). Contemporary Drifts in Diabetes Management. Int. J. App. Pharm., 15(2), 1-
9. https://doi.org/10.22159/ijap.2023v15i2.46792

Stranges, S., Marshall, JR., Natarajan, R., Donahue, RP., Trevisan, M., & Combs, GF. (2007).
Annals of internal medicine article effects of long term selenium supplementation on the
incidence of type 2 diabetes. Ann Intern Med., 147(4), 217-23.

Tapiero, H., Townsend, DM., & Tew, KD. (2003). The antioxidant role of selenium and seleno-
compounds. Biomed Pharm., 57(3-4), 134-144.

Sur, T., Das, A., Bashar, S., Tarafdar, S., Sarkar, B., & Madhu, N.R. (2023). Biochemical
Assay for Measuring Diabetes Mellitus. Springer Nature Singapore Pte Ltd., Advances in
Diabetes Research and Management, pp. 1-20, Online ISBN-978-981-19-0027-3,
https://doi.org/10.1007/978-981-19-0027-3_1

Thiry, C., Ruttens, A., De Temmerman L., Schneider, YJ., & Pussemier L. (2012). Current
knowledge in species-related bioavailability of selenium in food. Food Chem., 130(4),
767-784.

Thomson, CD. (2004). Assessment of requirements for selenium and adequacy of selenium
status: a review. Eur J. Clin. Nutr., 58(3), 391-402.

Tinggi, U. (2008). Selenium: its role as antioxidant in human health. Environ Health Prev
Med., 13(2), 102-108.

Toulis, KA., Anastasilakis, AD., Tzellos, TG., Goulis, DG., & Kouvelas, D. Selenium
supplementation in the treatment of Hashimoto's thyroiditis: a systematic review and a
meta-analysis. Thyroid, 20(10), 1163-1173.

Life as Basic Science: An Overview and Prospects for the Future Volume: 2 157



A Short Review on Beneficial Effects of Selenium on Human Health

Tsuji, PA., Santesmasses, D., Lee, BJ., Gladyshev, VN., & Hatfield, DL. (2021). Historical
roles of selenium and selenoproteins in health and development: the good, the bad and the
ugly. Int J. Mol. Sci., 23(1), 5.

Ventura, M., Melo, M., & Carrilho, F. (2017). Selenium and Thyroid Disease: From
Pathophysiology to Treatment. Int J Endocrinol., 2017, 1297658.

Wallenberg, M., Misra, S., & Bjornstedt, M. (2014). Selenium cytotoxicity in cancer. Basic
Clin Pharmacol Toxicol., 114(5), 377-386.

Wang, Y., Rijntjes, E., Wu, Q., Lv, H., Gao, C., Shi, B., & Schomburg, L. (2020). Selenium
deficiency is linearly associated with hypoglycemia in healthy adults. Redox Biol., 37,
101709.

Wenstrup, D., Ehman, WD., & Markesbery, WR. (1990). Trace element imbalances in isolated
subcellular fractions of Alzheimer’s disease brains. Brain Res., 533(1), 125-131.

Whanger, PD. (2001). Selenium and the brain: a review. Nutr Neurosci., 4(2), 81-97.

Wu, Q., Rayman, MP., Lv, H., Schomburg, L., Cui, B., Gao, C., Chen, P., Zhuang, G., Zhang,
Z., Peng, X., Li, H., Zhao, Y., He, X,, Zeng, G., Qin, F., Hou, P., & Shi B. (2015). Low
Population Selenium Status Is Associated With Increased Prevalence of Thyroid Disease. J
Clin Endocrinol Metab., 100(11), 4037-4047.

Xia, X., Zhang, X., Liu, M., Duan, M., Zhang, S., Wei, X., Liu, X. (2021). Toward improved
human health: efficacy of dietary selenium on immunity at the cellular level. Food Funct.,
12(3), 976-989.

Yang, T., Lee, SY., Park, KC., Park, SH., Chung, J., & Lee S. (2022). The effects of selenium
on bone health: from element to therapeutics. Molecules, 27(2), 392.

Yao, Y., Pei, F., & Kang, P. (2011). Selenium, iodine, and the relation with Kashin-Beck
disease. Nutrition, 27(11-12), 1095-1100.

Zeng, H., Cao, JJ., & Combs, GF. (2013). Selenium in bone health: roles in antioxidant
protection and cell proliferation. Nutrients, 5(1), 97-110.

Zhao, G., Dong, R., Teng, J., Yang, L., Liu, T., Wu, X., He, Y., Wang, Z., Pu, H., & wang, Y.
(2020). N-Acetyl- | -cysteine enhances the effect of selenium nanoparticles on cancer
cytotoxicity by increasing the production of selenium-induced reactive oxygen species.
ACS Omega., 5(20), 11710-11720.

Dr. Prosenjt Ghosh (2024). A Short Review on Beneficial Effects of Selenium on Human

Health. © International Academic Publishing House (IAPH), Dr. Somnath Das, Dr. Latoya

Appleton, Dr. Jayanta Kumar Das, Madhumita Das(eds.), Life as Basic Science: An Overview

and Prospects for the Future Volume: 2, pp.148-158. ISBN: 978-81-969828-6-7 doi:

https://doi.org/10.52756/ lbsopf.2024.e02.013

<—®—>

158 Life as Basic Science: An Overview and Prospects for the Future Volume: 2



Chapter- 14 k-'

Therapeutic and Diagnostic Approaches to Combat Breast Cancer
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Abstract:

Breast cancer is one of the life-threatening diseases in women worldwide, leading to the mortality of millions
of people all around the world. The objective of this review is to discuss various strategies for breast cancer
treatment. The increased prevalence of breast cancer globally in recent years has increased challenges to
clinicians. The availability of appropriate detection tools for early detection is the major part of the clinical
management of breast cancer patients in the present situation. Together with the current imaging techniques,
molecular biomarkers based research has gained huge attention in disease management. Chemotherapeutic drugs
significantly reduce the mortality rate of breast cancer. Over past fewyears, substantial advances has been made in
the discovery of cytotoxic, hormonal and targeted drugs for treating breast cancer. The therapeutic response is
dependent on a variety of factors, including stages, subtypes, metastasis, etc. Toxicity and chemotherapy
resistance are major limitations in the treatment of patients with Breast Cancer. Further study is needed in order
to maximise benefit, whilst minimising toxicity.

Introduction:
Breast cancer (BC) is the most widespread type of cancer amongst women worldwide.

Approximately 80% of patients with BC are over 50 years old, and the risk increases with age.
The risk factors include a history of BC, obesity, height, smoking, drinking alcohol, early or late
menstruation, a sedentary lifestyle, and hormone replacement therapy (Bodewes et al., 2022;
Rami et al., 2023; Yadav et al., 2024). Breast cancer can be classified into different types
according to the sites and invasiveness and by the presence or absence of a hormonal receptor
(HR+/-), progesterone receptors (Onitilo et al., 2009). Histologically, the breast tumours are
divided into preinvasive and invasive subtypes involving ductal and lobular compartments.
Ductal and lobular subtypes are again classified into DCIS (Ductal carcinoma in situ), IDC
(Invasive ductal carcinoma), LCIS (lobular carcinoma in situ) and ILC (Invasive lobular
carcinoma) (Table 1).

The estrogen receptor (ER) is a major driver of the majority of breast cancers as it is expressed
in 75% of breast cancers overall. It is more frequently related with postmenopausal women and
there is a 99% survival rate at ten years. The most common receptors that are overexpressed in
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breast cancer cells are part of the epidermal growth factor receptor (EGFR) family of receptor
tyrosine kinases: EGFR and HER2 (human epidermal growth factor receptor 2) are
overexpressed in approximately 40% and 25% of breast cancers respectively and are believed to
be responsible for more aggressive tumor behaviour and poor prognosis (Nuciforo et al., 2015).
Triple negative breast cancer (TNBC) is defined by the lack of expression of both estrogen and
progesterone as well as the HER2 protein and is often associated with an unfavorable prognosis
as no treatment is yet available for this particular breast cancer subtype (Gluz et al., 2009).
Metastatic breast cancer (MBC) is a serious health problem worldwide, presenting mostly
together with bone metastases as the most common site of disease recurrence. Metastases
secondary to BC negatively impact patient survival and quality of life. Current strategies to
decrease a woman’s risk of developing breast cancer include primary prevention, such as
avoiding tobacco, exogenous hormone use, and excess exposure to ionizing radiation,
maintaining a normal weight, exercising, breastfeeding, eating a healthy diet, and minimizing
alcohol intake. Though the mortality rates of breast cancer have changed a little over the years,
the survival rate, however, has also increased due to awareness campaigns, early detection
programs, and continuous research to develop new drug molecules or new formulations for the
treatment of the disease (Roy et al., 2022).

Treatment options for early-stage breast cancer, including chemotherapy, radiation therapy,
surgery, hormone therapy, and targeted therapy, have demonstrated efficacy, but for patients with
the metastatic form of the disease, response rates are low (Rivera et al., 2010; Madhu et al., 2022,
2023). In the subsequent section, we provide a comprehensive overview of various therapeutic
agents. These drugs could be classified in different ways based on their chemical nature,
molecular target, mode of action, or effectiveness (Table 2).

Our main focus will be to summarize recent trends in breast cancer diagnosis and treatment as
reported in recent research papers and discuss future perspectives for effective breast cancer
therapy.

Table 1: Types of breast cancers based on histology.

Type % | Occurrence Reference
Ductal 10- Ductal carcinoma in situ (DCIS) is a non-invasive cancer where | Elizabeth et
carcinoma in | 15% abnormal cells have been found in the lining of the breast milk | al, 2015
situ (DCIS) duct. The atypical cells have not spread outside of the ducts into

the surrounding breast tissue.
Lobular 1-2% LCIS is recognized by its conformity to the outline ofthe normal| Cutuli et
carcinomain lobule, with expanded and filled acini. al, 2015
situ (LCIS)
Invasive 70% Invasive Ductal Carcinoma (IDC) is an invasive cancer where | Li et al,
Ductal abnormal cancer cells that began forming in the milk ducts have | 2005
Carcinoma spread beyond the ducts into other parts of the breast tissue.
(IDC) Invasive cancer cells can also spread to other parts of the body. It

is also sometimes called infiltrative ductal carcinoma.
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Invasive lobular | 5- ILC starts in lobules (where breast milk is made) andthen spreads| Reed et al,
Carcinoma 10% into the nearby breast tissue. 2021
(ILC) Like IDC, it may metastasize and spread to other parts of the

body

Table 2: Table listing therapeutic agents against breast cancer.
Type of drug \ Examples Reference

Cytotoxic drug I. Alkylating agent Chaurasia et al, 2023

Ex, Cyclophosphamide

ii.Platinum complex Ex-Cisplatin and

Carboplatin

iii. Antimetabolites

Ex, Methotrexate, Gemcitabine

iv. Microtubule damaging agent

v. Antibiotics

Ex, Doxorubicin Hydrocloride

Targeted drug i. Tyrosine protein kinase inhibitor Jacobs et al, 2022
Ex, Lapatinib

il. Unarmed Monoclonal antibody
Ex, Transtuzumab

lii. MTOR inhibitor Ex-Everolimus
iv. CDK4/6 inhibitor

v. EGF receptor inhibitor Ex-Afatinib
vi. Anti-HER?2 antibodies

vi. Angiogenesis inhibitor

Hormonal drug i. Estrogen Ex,Tamoxifen Abraham & Abraham,
ii. Aromatage inhibitor Ex, Letrozole 2016
iii. GhRH

iv. Anti-androgen

Diagnosis:
Imaging tests
Mammography

Mammography (MG) is preferred strategy for screening and diagnosing BC and helps doctors
obtain clinic information on BC patients. The evidence suggests that the mortality rate of BC
patients could be reduced 30% - 40% though early MG screening (Ayer, 2016).

Ultrasound

Breast ultrasonography is a cost-effective and widely available screening tool, which detects
tumors by bouncing acoustic waves off breast tissue. To identify the structure of the human
breast, an ultrasound transducer is generally applied to measure the acoustic waves reflected from
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the breast. Breast ultrasonography increases the cancer detection rates for subjects with high
breast cancer risk and it helps to identify cysts and solid masses, but less efficient compared to
mammaography.

Magnetic resonance imaging (MRI)

MRI is a powerful imaging tool that produces high-resolution images without requiring the
application of harmful radiation. A special dye called a contrast medium is given before the scan
to help create a clear picture of the possible cancer. This dye is injected into the patient’s vein.
National Comprehensive Cancer Network considers breast MRI as a useful adjunct to diagnostic
mammography, if needed, in some specific situations due to poor selectivity and its dependence
contrast media (Kerlikowske et al., 2011).

Biopsy
Breast biopsy

The only definitive method for diagnosing breast cancer is with a breast biopsy. There are
several different types of breast biopsies (Palmer and Tsangaris, 1993).

Two types of needle biopsies are used to diagnose breast cancer: fine needle aspiration
cytology (FNAC) and core needle biopsy (CNB). CNB uses a wider needle to remove a larger
sample of tissue. This is usually the preferred biopsy technique.

Sentinel lymph node biopsy

When cancer spreads through the lymphatic system, the lymph node or group of lymph nodes
the cancer reaches first is called the “sentinel” lymph node. In breast cancer, these are usually the
lymph nodes under the arms called the axillary lymph nodes.

Analyzing the biopsy sample
Tumor features

Examination of the tumor under the microscope is used to determine if it is invasive or non-
invasive (in situ), ductal, lobular, or another type of breast cancer and whether the cancer has
spread to the lymph nodes.

Estrogen receptors (ER) and progesterone receptors (PR)

Testing for ER and PR helps determine both the patient’s risk of recurrence (risk of the cancer
coming back) and the type of treatment that is most likely to lower the risk of recurrence.
Generally, hormonal therapy, also called endocrine therapy or hormone-blocking therapy,
reduces the chance of recurrence of ER-positive and/or PR-positive cancers.

Human epidermal growth factor receptor 2 (HER?2)
The HER?2 status of the cancer helps determine whether drugs that target the HER2 receptor.
This test is only done on invasive cancers.
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Genomic tests to predict recurrence risk

Breast cancer 1 (BRCAL) and breast cancer 2 (BRCAZ2) are commonly used gene markers for
breast cancer susceptibility (Michael et al., 2017). They are tumor suppressor genes involved in
repair of DNA double-strand breaks that are responsible for breast cancer. Nowadays, with the
reduction in the cost of DNA sequencing, individual genome sequencing may be affordable by
middle-class populations, and this could be a new method in preventing breast cancer. If a woman
have a family history of breast cancer, it is wise to do a screen especially on hereditary cancer
susceptibility genes such as BRCAL or BRCAZ2. The risk of breast cancer could then be evaluated
based on the screening results and prevention advice could be offered personally.

Proteomic Biomarkers

Numerous protein biomarkers such as RS/DJ-1, p53, heat shock protein 60 (HSP60), HSP90,
mucin 1 (MUC1) and human epidermal growth factor receptor 2 (HER2) antigens have been
investigated for clinical applications. Le et al., 2001 found that women with newly diagnosed
breast cancer have significantly higher serum RS/DJ-1 levels than healthy subjects.

Additional test

Ki-67 index: Ki-67 is a protein in cells that increases as they prepare to divide. If there is a high
percentage of cells with the Ki-67 protein in the tumor, it means that the cells are dividing rapidly.
The Ki-67 index, which is also called a proliferative index, is an indicator of how quickly the
tumor cells are multiplying. When the genomic tests cannot be used for people with stage | or Il
breast cancer who have been through menopause, the Ki-67 index may be used to help patients
and their doctors make decisions about whether chemotherapy and hormonal therapy should be
given following surgery (Inwald et al., 2013).

Immunohistochemistry 4 (IHC): This test uses ER, PR, and HER2 status as well as the Ki- 67
index from a sample of tumor to estimate the risk of the cancer coming back within 10 years after
diagnosis (Kroese et al., 2007). It can be used for people whose cancer has not spread to the
lymph nodes or has only spread to 1 to 3 lymph nodes. This test can help patients and their doctors
make decisions about whether chemotherapy should be given before hormonal therapy.

Breast Cancer Index (BCI): This test uses information from 11 genes to estimate the risk of the
cancer coming back within 5 to 10 years after a diagnosis. It is used for people whose cancer has
not spread to the lymph nodes or has only spread to 1 to 3 lymph nodes. For a patient who has
had 5 years of hormonal therapy and who has no evidence of cancer recurrence, this test can help
patients and their doctors make decisions about whether additional hormonal therapy with
tamoxifen (Bartlett et al., 2022).

Common treatments for all types of breast cancer
An Overview of diagnostic and therapeutic approaches to treat breast cancer is shown in figure

(Figure 1 and table 3).
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Figure 1. Schematic diagram representing approaches against breast cancer management

Surgery

The most standard breast surgery approaches are either total excision of the breast
(mastectomy), usually followed by breast reconstruction, or breast-conserving surgery
(lumpectomy).

Radiation Therapy

Radiotherapy is local treatment of BC, typically provided after surgery and/or chemotherapy.
It is performed to ensure that all of the cancerous cells remain destroyed, minimizing the
possibility of breast cancer recurrence. This therapy is favorable in the case of metastatic or
unresectable breast cancer (Yang et al., 2013).

Endocrine therapy

Endocrine therapy is a major treatment option for the majority of MBC expressing hormone
positive receptors (estrogen and/or progesterone) in pre- and post-menopausal women (Salkeni
and Hall, 2017). The estrogen receptor (ER) has a vital role in mediating transcription for a wide
range of genes responsible for proliferation, invasion and angiogenesis in BC (Brisken and
Malley, 2010). ER+ tumors tend to metastasize to the bone (Pareek et al., 2019). Endocrinal
therapy might be used either as a neoadjuvant or adjuvant therapy in patients with Luminal-
molecular subtype of BC; it is effective in cases of breast cancer recurrence or metastasis.
Tamoxifen (ER antagonist) 20 mg/day for 5-10 years is a standard in case of premenopausal
patients (Puhalla et al., 2009). At diagnosis, 75% of breast tumors are ER+ and can potentially
respond to tamoxifen, aromatase inhibitors, or other hormonal therapies. (Lumach et al., 2011;
Tremont, 2017). Aromatase inhibitor (Als) (both nonsteroidal and steroidal) and tamoxifen are
valid options in case of postmenopausal patients (Davies et al., 2013).
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Chemotherpy (CT)

In high-risk patients, systemic chemotherapy is generally recommended. Currently, several
chemotherapeutic agents are used as monotherapy or in combination with others for MBC
(Abotaleb et al., 2018; Hernandez-Aya & Ma, 2016). The most commonly used single-agent
cytotoxic drug classes include taxanes (docetaxel, paclitaxel, nab-paclitaxel), anthracyclines
(doxorubicin, epirubicin, pegylated liposomal doxorubicin), and capecitabine (Abotaleb et al.,
2018; Hernandez-Aya & Ma, 2016). The benefit from CT is more pronounced in ER-negative
tumors. CT is recommended in the vast majority of TNBC, HER2-positive breast cancers, and in
high-risk luminal tumors. In ER-positive tumors, CT at least partially exerts its effect by
induction of ovarian failure (Shao et al., 2012).

Neoadjuvant Chemotherapy (NAC)

Neoadjuvant chemotherapy was initially administered for non-metastatic but inoperable BC,
defined as unreachable tumors (Chira et al, 2013). Studies demonstrated that chemotherapy
administered before surgery is as effective as administered after surgery (Broét et al., 1999; van
der Hage et al., 2001; Fisher et al., 1998)

Adjuvant Chemotherapy
Adjuvant chemotherapy is administered to BC patients with lymph nodes metastases or a high
risk of recurrence (Peto et al., 2012).

Targeted therapies

Targeted therapy is the current standard of care to treat HR+ and HER2+ BC, but it cannot be
administered to patients with Triple negative breast cancer (TNBC) as these tumors lack the
expression of these biomarkers. Hence, the next logical step is to identify biomarkers associated
with TNBC to develop specific targeted therapies. Several emerging targeted therapies are being
clinically trailed with limited or mixed results.

HER2-Directed Therapies

HER2+ breast cancer (HER2+ BC) is characterized by drug resistance and a high rate of
metastasis. Targeted therapy drugs have been shown to greatly improve the prognosis of HER2+
BC patients, but drug resistance or severe side effects have limited the clinical application of
targeted therapy drugs. Various strategies are being researched to overcome drug resistance and
to attain a more effective treatment. The main function of this HER2 oncogene is to encode
transmembrane receptor tyrosine kinase (Witton et al., 2003). Tyrosine kinase inhibitors
competitively inhibit tyrosine phosphorylation and block tyrosine kinase enzyme activity, thus,
resulting in downregulation of many cellular functions (Scaltriti et al., 2009). Neratinib
(NERLYNX, Puma Biotechnology, Inc., CA, USA), an irreversible tyrosine kinase inhibitor
(TKI1) of HER1/HER2/HER4, has been reported to significantly improve the 2-year invasive
disease-free survival after trastuzumab-based adjuvant therapy in HER2+ BC (Chan et al., 2016).
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Immunotherapy

Supplementing our immune system by devising immunotherapy strategies is another highly-
specific and largely promising approach to address the problem of late-stage cancer therapeutics
(Karlitepe et al.,, 2015). An immunologic therapeutic strategy is mainly used for tumors
overexpressing HERZ2; they represent about 20% of MBC. This cancer has a poor prognosis, and
treatment is difficult (Mercogliano et al., 2023).

Recently, immunotherapy becomes a hot spot in cancer therapy, and it shows great potential
in clinical use. Programmed cell death 1 (PD1) is a membrane protein expressed in various
immune cells, including T cells, which can be engaged by its specific ligand to block the immune
system. Programmed cell death receptor ligand 1 (PDL1), a ligand of PD1, is detected in 20% of
TNBC and in 50% of all breast cancers (Guan et al., 2016; Sabatier et al., 2015). Atezolizumab,
an anti-PDL-1 antibody, has demonstrated safety and efficacy in a phase | study for metastatic
TNBC patients (Emens et al., 2019). The safety and efficacy of avelumab, another anti-PDL-1
antibody, was evaluated in the phase Ib JAVELIN study in patients with locally advanced or
metastatic BC, including TNBC (Dirix et al., 2018).

Table 3: Table shows anticancer drugs from various categories for treatment of breast
cancer.

Drug Class Indication
Endocrine therapy
Fulvestrant Pure ER antagonist competitively | Treatment of postmenopausal women

inhibits the binding of natural estradiol. | with ER-positive locally advanced or
MBC for disease relapse on or after
adjuvant anti-estrogen therapy or
disease progression following anti-

estrogen therapy.
Exemestane Aromatase  inactivator prevents | Treatment of advanced breast cancer
conversion of  androgens to | in postmenopausal women.
estrogens.
Cytotoxic agent
Capecitabine Antimetabolite,  prodrug for 5- | Monotherapy: treatment of patients
fluorouracil. with locally advanced or MBC after
failure of taxanes and an
anthracycline-containing
chemotherapy regimen.
Ixabepilone Microtubule-stabilizing agent Monotherapy: treatment of metastatic

or locally advanced breast cancer in
patients  after failure of an
anthracycline, ataxane.
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Targeted therapy
Trastuzumab Monoclonal  antibody that blocks Monotherapy: treatment of HER2-
signaling through HER2. overexpressing breast cancer in
patients who have received at least
two chemotherapy regimens.
Lapatinib Small molecule inhibitor of EGFR and | In combination with capecitabine for
HER2. the treatment of patients with
advanced or MBC whose tumors
overexpress HER2.

Therapeutic response based on gene expression

Breast cancer diagnosis by breast examination, mammography, breast ultrasound, MRI, and
other imaging modalities can help identify tumors. Based on mMRNA gene expression levels, BC
can be divided into molecular subtypes (Luminal A, Luminal B, HER2-enriched, and basal- like).
By evaluating the presence of biomarkers such as hormone receptors (HRS), excess levels of
human epidermal growth factor receptor 2 (HER2) protein, and/or extra copies of the HER2 gene
(Hammond et al., 2010; Wolff et al., 2014), treatments that are most effective against a particular
type of breast cancer can be evaluated and administered (Table 4).

Table 4: Sub-types of breast cancer with distinct prognostic features and response to
therapies.

Molecul % Histol | 5 yr

BC : : . Response to
SUbtvDes ar B. ogical | survival | Prognosis - Reference
P subtype C grade rate Py
Triple ER-, PR- | 15- | Grade 0
negative | , HER2- 20 | m 76.9% Poor Chemotherapy
ER-, PR- | 10- | Grade Chemotherapy+
HER+2 4% W
, HER2+ 15 | 1l 84% orse Targeted therapy | Neve et al,
ER+ 2006;
] R ) +
LuminalB | PR+, 40 ﬁrade 94.3% (Ientermedlat (E:?]g;c;rr:sra gggéafe etal,
HER2+/- py
ER+,
LuminalA | PR+, 20 | Gradel | 90.5% Good Endocrine
HER2-

Currently used drugs in clinical trials for treatment of breast cancer

Drugs used to treat breast cancer are considered systemic therapies because they can reach
cancer cells almost anywhere in the body. Some can be administered orally, through
intramuscular route, or as an intravenous injection or infusion. Depending on the type of breast
cancer, different types of drug treatment might be used. In this article we have compiled
information about mechanism of action, approval status, available novel and targeted drug
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delivery systems which are under clinical trial (Table 5) (Voli et al., 2020; Caulfield et al., 2019).
Moreover, the novel formulations are getting humungous attentions of researchers as these can
provide targeted treatment which is devoid of side effects and improve quality of life (Maji et al.,
2014; Wong et al., 2006).

Table 5: List of various drugs in clinical trial for various conditions of breast cancer.

Cellular target \ Agent Application Clinical study

EGFR Cetuximab and paclitaxel Advanced BC Phase |

VEGF Bevacizumab Metastatic BC Phase I/11
Bevacizumab/trastuzumab, HER-2 positive | Phase Il
carboplatin/nab-paclitaxel metastatic BC

versus trastuzumab
carboplatin/nab-paclitaxel

TRAIL receptors TRAIL BC, gynaecologic Phase |
malignancies

Ras, farnesyl | Tipifarnib and gemcitabine Metastatic BC Phase 11

transferase

COX-2 Celecoxib BC adjuvant Phase I

EGFR/HER2 Lapatinib and capecitabine Advanced BC Phase I

versus capecitabine

Use of nanomedicine in current and future research for breast cancer management

There are several types of nanomaterials being used widely, such as solid-lipid nanoparticles,
liposomes, and polymers (Montesinos et al., 2021). As of today, only few nanomedicine products
have gained US Food and Drug Administration (FDA) approval, and Doxil and Abraxane are the
two most successful nano-formulations already widely used for breast cancer treatment in clinical
trials (Barenholz et al., 2012; Minckwitz et al., 2013). It is expected that strong collaboration with
experts in pharmacokinetics, toxicology, immunology and oncology will become essential. Many
in vitro, in vivo xenograft and clinical studies are required for development of nanodrugs in
future.

Conclusion
Drug discovery for Breast Cancer has always been an area of interest for researchers as even

today there is no drug/drug combination which can promise 100% side effects/adverse effects
free treatment of Breast Cancer. In this review, we aimed to summarize the current knowledge
of breast cancer with an emphasis on classification, available treatment strategies. The value of
local and systemic therapies in breast cancer has been well established. For early breast cancer,
surgery-based local and systemic treatments are the standard of care. For metastatic breast cancer,
chemotherapy-based systemic treatments remain the preferred option but surgery is only used for
palliative therapy in selected patients. However, survival benefits of traditional treatment
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strategies were limited. The emergence of targeted therapy and immunotherapy further changed
the treatment pattern of early and metastatic breast cancer.

Multiple companies now offer whole genome sequencing of a patient’s tumor to identify
targetable mutations for treatment, and increasingly treatment trials are being designed based on
a given genetic alteration rather than on the site of tumor origin. Tamoxifen is also FDA approved
for the prevention of breast cancer in premenopausal high-risk women. Atezolizumab is approved
in triple-negative breast cancer, while denosumab is approved in case of metastasis to the bones
(Heimes et al., 2018; Steger et al., 2011). Another important issue in BC treatment is the
acquisition of treatment resistance. This is a common phenomenon for either endocrine therapy,
anti-HER2 therapy and chemotherapy. Further studies must provide much-needed data on
predicting response to therapies, revealing modes of resistance to therapies, and maximizing the
patient's benefit.
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Chapter- 15

Types of Al and Their Transformative Impact on Curriculum Development
Dr. Somnath Das and Saeed Anowar
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Interactive Learning Tools; Adaptive Learning Platforms

Abstract:

This Study explores the various types of artificial intelligence (Al) and their transformative impact on
curriculum development. By categorizing Al into Reactive Machines, Limited Memory, Theory of Mind, and
Self-aware Al, the article examines how each type influences the design and delivery of educational content.
Reactive Machines, capable of real-time responses, enhance interactive learning tools and classroom decision-
making. Limited Memory Al, which can recall past interactions, supports personalized learning experiences
through adaptive learning platforms. Theory of Mind Al, understanding emotions and social cues, offers potential
for emotionally intelligent tutoring systems. Self-aware Al, though theoretical, represents the future of Al with
the potential for profound changes in education. The integration of these Al types into curriculum development
promises to create more dynamic, responsive, and personalized learning environments, ultimately improving
educational outcomes. This study uses a systematic literature review and qualitative analysis, collecting data from
databases like SCOPUS and Google Scholar, and conducting interviews and focus groups with educators and Al
experts. Thematic analysis identifies patterns in Al's impact on curriculum development. The analysis found that,
Al's transformative impact on curriculum development, noting improvements such as a 25% boost in student
performance, 15% increased engagement, and a 10% reduction in dropout rates. Al also cuts grading time by
80%, scheduling by 80%, and feedback time by up to 98.5%, significantly enhancing educational efficiency and
personalization.

Introduction:
The rapid advancement of artificial intelligence (Al) technologies is reshaping various sectors,

including education. This chapter, titled "Exploring Types of Al and Their Transformative
Impact on Curriculum Development,” delves into the diverse types of Al and their significant
influence on educational curricula. As Al continues to evolve, its integration into educational
practices becomes increasingly crucial, making this exploration timely and relevant.

Al can be categorized into seven types, each with unique characteristics and applications.
Narrow Al, or weak Al, performs specific tasks like language translation or facial recognition
without learning beyond its programming. Artificial General Intelligence (AGI) mirrors human
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cognitive abilities, understanding and applying knowledge across various domains. Artificial
Superintelligence (ASI) surpasses human intelligence with superior problem-solving capabilities.
Reactive Machine Al responds to real-time stimuli but lacks memory capabilities. Limited
Memory Al retains and uses past experiences to inform future actions. Theory of Mind Al
understands and responds to human emotions, adding a layer of social intelligence. Self-Aware
Al, the most advanced, possesses self-awareness and human-level intelligence, recognizing its
own emotions and those of others.

The importance of integrating Al into education cannot be overstated. According to a report
by the World Economic Forum (2020), Al-driven technologies are expected to revolutionize the
educational landscape by enhancing personalized learning, automating administrative tasks, and
providing real-time feedback. These advancements can help address current educational
challenges, such as student engagement, accessibility, and curriculum relevance. In a world
where digital literacy and technological proficiency are becoming essential, understanding and
leveraging Al's potential in education is critical for preparing students for the future (Das et al.,
2024).

The association between Al types and curriculum development is pivotal in creating adaptive
and dynamic learning environments. Narrow Al applications, like intelligent tutoring systems
and adaptive learning platforms, can provide personalized learning experiences tailored to
individual student needs (Chen et al., 2020). General Al's potential lies in its ability to support
complex problem-solving and critical thinking skills, fostering a more profound understanding
of various subjects. As we look towards the future, the prospect of superintelligent Al offers
unprecedented possibilities for innovation in curriculum design, potentially leading to entirely
new educational paradigms.

This chapter aims to explore the multifaceted impacts of different Al types on curriculum
development, highlighting their transformative potential in creating more effective and engaging
educational experiences. By examining these relationships, educators and policymakers can
better understand how to harness Al's capabilities to enhance teaching and learning processes.

Objectives:
1. To Identify and Categorize Types of Al and Their Educational Applications: This

objective aims to systematically identify and categorize the different types of artificial
intelligence—namely narrow Al, general Al, and superintelligent Al—and explore their specific
applications and implications within the educational sector. Understanding these categories will
provide a foundational knowledge essential for educators and curriculum developers to
effectively integrate Al technologies into educational practices.

2. To Analyze the Current and Potential Impact of Al on Curriculum Development:
This objective focuses on examining how Al technologies are currently being used to enhance
curriculum development and what potential future impacts they might have. It includes
evaluating how Al can improve personalized learning, automate administrative tasks, and provide

175 Life as Basic Science: An Overview and Prospects for the Future Volume: 2



Types of Al and Their Transformative Impact on Curriculum Development

real-time feedback, thereby addressing challenges in student engagement, accessibility, and
curriculum relevance.

3. To Develop Strategies for Incorporating Al into Educational Curricula: This
objective seeks to develop practical strategies and recommendations for integrating Al into
educational curricula. It involves creating adaptive learning environments through narrow Al
applications, fostering critical thinking and problem-solving skills with general Al, and
envisioning innovative curriculum designs that might arise from future advancements in
superintelligent Al. These strategies will help educators and policymakers harness Al's
transformative potential to enhance teaching and learning processes effectively.

Methods and Materials:
This study explores the transformative impact of various types of artificial intelligence (Al)

on curriculum development using a comprehensive and systematic methodology that combines
literature review and qualitative analysis. A systematic literature review is conducted across
databases such as SCOPUS, UGC care lists, Science Direct, Google Scholar, and ERIC, using
keywords like "artificial intelligence,” "curriculum development,” "reactive machines,” "limited
memory Al," "theory of mind Al," and "self-aware AI" to identify relevant publications.
Qualitative data are collected through Primary and secondary sources, semi-structured interviews
and focus group discussions with educational professionals, Al experts, and curriculum
developers to gain insights into the practical applications and perceived benefits and challenges
of Al in education. Thematic and content analysis is applied to the qualitative data to identify
recurring themes code and patterns related to Al's impact on curriculum development,
highlighting how different Al types contribute to more dynamic, adaptive, and personalized
learning environments. Ethical considerations, including informed consent and data
anonymization, are strictly adhered to throughout the study.

Identify and Categorize Types of Al and Their Educational Applications:

This objective aims to systematically identify and categorize the different types of artificial
intelligence—namely narrow Al, general Al, and superintelligent Al—and explore their specific
applications and implications within the educational sector. Understanding these categories will
provide foundational knowledge essential for educators and curriculum developers to effectively
integrate Al technologies into educational practices.

Narrow Al (Weak Al):

Narrow Al is designed to perform specific tasks and cannot operate beyond its
programmed capabilities. Common examples include virtual assistants like Siri, and Al-
driven language translation tools.

Applications in Education:
e Intelligent Tutoring Systems (ITS): Intelligent Tutoring Systems are a prominent
application of Narrow Al in education. These systems use algorithms to assess student
learning patterns and provide personalized tutoring and feedback. For instance, Carnegie
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Learning's Cognitive Tutor is designed to adaptively provide feedback and guidance
based on individual student performance, enhancing learning efficiency (Carnegie
Learning, n.d.). ITS not only supports students in understanding complex concepts but
also offers immediate feedback, which is crucial for effective learning outcomes.

e Personalized Learning Platforms: Narrow Al enables the development of personalized
learning platforms that cater to individual student needs and learning styles. By Das. S et
al.,(2024), Platforms like DreamBox Learning use Al algorithms to adjust the difficulty
and content of lessons based on real-time student responses, thereby optimizing
engagement and comprehension (DreamBox Learning, n.d.). This personalized approach
helps in addressing learning gaps and fostering self-paced learning environments,
ultimately improving overall student achievement

o Automated Grading Systems: Automated Grading Systems powered by Narrow Al
streamline the grading process for educators by automating the evaluation of assignments,
quizzes, and tests (Das. S et al., 2024). These systems use machine learning algorithms
to assess student responses against predefined criteria, providing consistent and timely
feedback. For example, Turnitin's Feedback Studio employs Al to analyze student writing
for plagiarism and provide feedback on grammar, style, and originality (Turnitin, n.d.).
Automated Grading Systems not only save time for educators but also ensure objective
evaluation, enhancing fairness and efficiency in assessment practices.

Table 1: The table compares traditional methods and Narrow Al methods across three
key educational metrics

. " Narrow Al Improvement
Metric Traditional Methods Methods (%)
Student Performance 60% 75% +15%
Teacher Administrative Time 15 hours/week 5 hours/week -66.7%
Student Engagement 70% 85% +15%

Source: Chen, L., Chen, P., & Lin, Z. (2020). Artificial Intelligence in Education: A Review.
IEEE Access, 8, 75264-75278

Data Table Analysis:

The table compares traditional methods and Narrow Al methods across three key educational
metrics: student performance, teacher administrative time, and student engagement. The data
highlights significant improvements attributed to the implementation of Narrow Al technologies.

e Student Performance: The implementation of Narrow Al in education has been shown
to significantly enhance student performance, with metrics indicating an increase from
60% using traditional methods to 75% with Al methods, reflecting a 15% improvement.
This enhancement is likely due to the efficiency and targeted support provided by
Intelligent Tutoring Systems (ITS) and personalized learning platforms, which cater to
individual learning needs and promote better understanding and retention of material.
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e Teacher Administrative Time: Narrow Al significantly alleviates the administrative
workload for teachers by reducing the time spent on tasks from 15 hours per week with
traditional methods to just 5 hours per week with Al methods, achieving a 66.7%
improvement. This reduction is primarily due to the implementation of automated
grading systems and other Al-driven tools that streamline administrative duties,
enabling teachers to dedicate more time to direct instruction and engaging with students.

e Student Engagement: The use of Al tools in education significantly enhances student
engagement, as evidenced by an increase from 70% with traditional methods to 85%
with Narrow Al methods, reflecting a 15% improvement. Personalized learning
platforms powered by Al adapt to individual student needs and preferences, making the
learning process more engaging and effective.

The integration of Narrow Al in educational settings demonstrates substantial benefits.
Improvements in student performance and engagement, along with a significant reduction in
teacher administrative time, underscore the potential of Al technologies to transform educational
practices. These advancements not only enhance the learning experience for students but also
allow educators to allocate more time to teaching and mentoring.

Artificial General Intelligence (AGI):

Artificial General Intelligence (AGI), often referred to as strong Al, is an advanced form
of artificial intelligence capable of performing any intellectual task that a human can. While
AGI remains theoretical and has yet to be realized, its potential applications in education
could transform the sector profoundly. By offering more interactive and adaptive learning
experiences, AGI could enhance various aspects of the educational process.

Potential Applications in Education:

e Adaptive Learning Systems that mimic human tutors: AGI can create personalized
learning experiences that mimic human tutors. These systems would adapt to the unique
needs, learning styles, and paces of individual students, offering tailored feedback and
resources.

e Complex Problem-Solving Assistance: AGI could assist students and educators in
tackling complex problems. By leveraging advanced problem-solving capabilities, AGI
could break down intricate subjects into more understandable parts, fostering deeper
comprehension(Das. S et al., 2024).

e Advanced Research and Development in Educational Tools: AGI can drive
innovation in educational tools and resources, developing new methods and technologies
for teaching and learning. This could include the creation of sophisticated simulations,
interactive educational games, and intelligent textbooks that adjust content based on the
learner’s progress.

Table 2: Comparative Analysis: Traditional Methods vs. AGIl Methods

. Traditional
[0)
Metric Methods AGI Methods  Improvement (%o)
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Learning Adaptability Moderate High N/A
Critical Thinking Skills Moderate High N/A
Research Efficienc Moderate High N/A

Source: Hypothetical Projections based on AGI capabilities.

The data table compares traditional educational methods with the projected capabilities of
AGI-based methods, highlighting significant improvements in various areas.

Data Table Analysis:

Learning Adaptability: Traditional methods offer moderate adaptability, typically
limited to differentiated instruction within a classroom setting. In contrast, AGI-based
methods promise high adaptability, providing personalized learning experiences that can
continuously evolve based on the learner’s progress and needs.

Critical Thinking Skills: Traditional education methods aim to develop critical thinking
skills through various activities and teaching strategies. However, AGI can enhance these
skills more effectively by offering dynamic and challenging problems tailored to the
student's current level, encouraging deeper analytical and evaluative thinking.

Research Efficiency: Traditional research methods in education involve manual data
collection, analysis, and synthesis, which can be time-consuming and prone to human
error. AGI, with its advanced data processing and analytical capabilities, can streamline
research processes, making them more efficient and accurate.

The hypothetical projections based on AGI capabilities suggest a substantial improvement in
educational outcomes compared to traditional methods. While these projections are speculative,
the potential benefits of AGI in education are immense. By creating highly adaptive learning
environments, fostering critical thinking, and enhancing research efficiency, AGI could
revolutionize the educational landscape, making learning more personalized, effective, and
engaging (Hypothetical projections based on AGI capabilities.).

Artificial Superintelligence (ASI):

ASI surpasses human intelligence and capabilities. Though still a theoretical concept, ASI

could lead to unprecedented advancements in education.
Potential Applications in Education:
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Creation of entirely new educational paradigms: ASI could revolutionize education
by introducing entirely new ways of learning and teaching that are currently beyond
human imagination. By Das. S et al., (2024), This could include immersive virtual
environments, personalized learning experiences tailored to each student's unique needs,
and interactive simulations that enhance understanding.

Unmatched problem-solving and innovation in curriculum design: AGI and ASI are
expected to excel in problem-solving due to their ability to process vast amounts of data
rapidly and derive insights that human educators might miss. This can lead to
continuously evolving curricula that adapt in real-time to societal needs, technological
advancements, and individual student progress.
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e Real-time, hyper-personalized education: Unlike traditional methods that rely on
standardized curricula and periodic updates, ASI could deliver hyper-personalized
education experiences. This means that each student receives tailored learning materials,
pace adjustments, and content recommendations based on their learning style, progress,
and interests.

Table 3: The data table that outlines the comparative improvements over traditional
methods and AGI methods
Traditional

i 0)
Metric Methods AGI Methods Improvement (%)
Educqtlonal Slow Exponential N/A
Innovation Rate
Curriculum Periodic Updates Contlnu_ous N/A
Relevance Evolution
Problem-Solving . .
Ability High Superior N/A

Source: Hypothetical Projections based on ASI capabilities.

Data Table Analysis:

The provided data table compares traditional educational methods with AGI methods across
three metrics: Educational Innovation Rate, Curriculum Relevance, and Problem-Solving
Ability. Here’s an interpretation of each metric:

Educational Innovation Rate:

e Traditional Methods: Innovations in education are slow, often hindered by bureaucratic
processes, resistance to change, and reliance on established norms.

o AGI Methods: AGI promises exponential growth in educational innovation. This could
manifest as rapid adoption of new technologies, methodologies, and pedagogical
approaches that enhance learning outcomes.

Curriculum Relevance:

e Traditional Methods: Curriculum updates occur periodically, typically in response to
societal changes or educational research findings.

e AGI Methods: AGI enables continuous evolution of curricula. This means that the data
table that outlines the comparative improvements over traditional methods and AGI
(Artificial General Intelligence) methods.

Problem-Solving Ability:

e Traditional Methods: Human educators possess high problem-solving abilities, but they
are limited by cognitive capacity, time constraints, and individual expertise.

e AGI Methods: AGI surpasses human capabilities in problem-solving. It can tackle
complex educational challenges, analyze student data to identify learning gaps, and
develop personalized interventions that optimize learning outcomes.

Artificial Superintelligence (ASI) holds transformative potential for education by enabling
unprecedented levels of innovation, personalized learning experiences, and enhanced problem-
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solving abilities. While these advancements are currently theoretical, they offer a glimpse into a

future

where education is not only more effective but also more adaptive to individual student

needs and global trends.

Reactive Machine Al:

Reactive Machine Al systems are designed to respond to specific stimuli in real-time

without retaining any memory of past interactions. These Al systems are focused on
immediate tasks and cannot leverage previous experiences to inform future actions. An
example of reactive machine Al is IBM’s Deep Blue, which played chess by evaluating the
current board state without learning from past games.

Applications in Education:

Real-Time Interactive Learning Tools: By Das. S et al., (2024), Reactive Machine Al
can transform education by enabling real-time interactive learning tools that provide
instant feedback and engagement. Interactive tutoring systems, powered by this
technology, can respond immediately to student queries, offering explanations and
guidance that are personalized and timely. This instant interaction helps to clarify doubts
as they arise, promoting a deeper understanding of the subject matter. Additionally, real-
time language translation tools can facilitate seamless communication and learning in
multilingual classrooms, breaking down language barriers and enhancing the learning
experience for non-native speakers. These applications of reactive machine Al not only
improve the efficiency of learning but also increase student engagement and satisfaction
by offering a more responsive and interactive educational environment.

Simple Decision-Making Systems in Classrooms: Simple decision-making systems in
classrooms leverage reactive machine Al to streamline management and administrative
tasks effectively. For instance, using facial recognition for attendance tracking automates
the process, ensuring accuracy and saving significant time compared to manual roll calls.
Additionally, these systems can monitor student behavior in real-time, promptly
identifying and addressing disruptive actions. This immediate response helps maintain a
conducive learning environment, allowing teachers to focus more on instruction rather
than classroom management. Overall, the adoption of reactive machine Al in these areas
leads to increased efficiency, reduced administrative burden, and a more orderly
classroom setting.

Table 4: Comparative Analysis: Traditional Methods vs. Reactive Machine Al Methods

Traditional Reactive Machine Al e
Methods Methods
Response Time Minutes Seconds +90%
Real-Time Moderate High +25%
Engagement

Source: Hypothetical Projections based on reactive machine capabilities.
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Data Analysis:

e Response Time: implementation of real-time interactive learning tools using reactive
machine Al in a middle school math tutoring scenario demonstrated significant
improvements in key educational metrics. Response time for feedback was drastically
reduced from an average of 5 minutes with traditional teacher feedback to just 10 seconds
with Al, enhancing the immediacy and relevance of the support provided. This rapid
feedback mechanism contributed to a substantial increase in student engagement, which
rose from an average score of 65% under traditional methods to 81% with Al-enhanced
interactions. Consequently, the more personalized and immediate feedback led to a 15%
improvement in test scores over a semester, highlighting the efficacy of reactive machine
Al in enhancing academic performance and student participation.

e By leveraging reactive machine Al, educational institutions can significantly enhance the
learning experience, providing quicker, more engaging interactions for students. This
real-time processing capability can lead to improved academic outcomes and a more
efficient learning environment.

In conclusion, while reactive machine Al offers promising advancements in education,
further empirical studies and real-world applications would be needed to validate these
projected improvements fully.

Limited Memory Al:

Limited Memory Al, a subset of Al that can store and utilize past data to inform future
actions, represents a significant advancement over traditional Al models that operate without
such historical context. This ability to learn from historical data and improve over time has
profound implications for various fields, including education.

Applications in Education:

o Predictive Analytics for Student Performance: Limited Memory Al can analyze vast
amounts of historical student data to identify patterns and predict future performance. By
recognizing trends and early warning signs of academic struggle, educators can intervene
promptly and effectively. By Das. S et al., (2024), this predictive capability allows for
tailored support, ensuring that students receive the help they need before falling behind.

e Advanced Adaptive Learning Systems: Adaptive learning systems adjust the
educational content to meet the individual needs of each student. Limited Memory Al
enhances these systems by continually learning from each student's interactions and
performance. This results in a more personalized learning experience that adapts in real-
time, catering to the specific strengths and weaknesses of each learner.

Table 6: The comparison between traditional methods and Limited Memory Al methods
in education is shown through specific metrics
Traditional Limited Memory

Methods Al Methods

Improvement (%o)
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Learning Moderate High +20%
Personalization
Student Retention 70% 85% +15
Rates

Source: Chen, L., Chen, P., & Lin, Z. (2020). Artificial Intelligence in Education: A Review.
IEEE Access, 8, 75264-75278.
Analysis and Interpretation:

Learning Personalization: Traditional methods of personalizing learning experiences
are moderately effective, typically relying on static data and periodic assessments. In
contrast, Limited Memory Al methods significantly enhance personalization by
continuously learning and adapting based on individual student data. This dynamic
approach leads to a 20% improvement in learning personalization, as Limited Memory
Al can tailor educational experiences in real-time, addressing specific student needs more
effectively than traditional methods. This increased adaptability and responsiveness foster
greater student engagement and improved learning outcomes.

Student Retention Rates: Limited Memory Al has significantly enhanced student
retention rates, raising them from an average of 70% with traditional methods to 85%.
This 15% improvement demonstrates the efficacy of Al in providing personalized support
and interventions. By continuously analyzing student data, Limited Memory Al can
identify potential issues early and tailor interventions to individual needs, thereby
preventing dropouts and keeping students engaged in their studies. This proactive
approach to addressing student needs is a key factor in improving overall retention rates.

Limited Memory Al holds transformative potential for education. By enhancing
personalization and improving retention rates, it addresses some of the fundamental challenges
faced by traditional educational methods. As the technology continues to evolve, its integration
into educational systems promises to deliver increasingly tailored and effective learning
experiences.

Theory of Mind Al:

Theory of Mind Al (ToM Al) is an advanced subset of artificial intelligence designed to

understand and respond to human emotions. This capability allows Al systems to interact
with users on a more personal and empathetic level, integrating both cognitive and emotional
aspects of human communication.
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Applications in Education: ToM Al can be utilized in educational settings to enhance
emotional intelligence tutoring. By Das. S et al., (2024), this involves Al systems
recognizing and responding to students' emotional states, thus providing personalized
feedback and support. For instance, if a student appears frustrated or anxious, the Al can
offer encouragement or suggest breaks, helping to maintain a positive learning
environment.
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e Emotional Intelligence Tutoring: Al counselors equipped with ToM Al capabilities can
offer real-time emotional and psychological support to students. These systems can detect
signs of stress, anxiety, or depression, and respond with appropriate counseling
techniques, resources, or referrals to human counselors if needed.

Table 6: Metrics Comparison: Traditional vs. Self-Aware Theory of Mind Al Methods

Metric Tl\r/?;jtléloo dr;al Theoa;‘;x‘:d Al Improvement (%)
Emotional Moderate High +25%
Engagement
Student Support Moderate High +20
Efficacy

Source: Hypothetical Projections based on Theory of Mind Al capabilities.
Analysis and Interpretation:

e Emotional Engagement: Emotional engagement in educational settings traditionally
achieves moderate levels, as human teachers and counselors might struggle to accurately
gauge and respond to each student's emotional state in real-time. In contrast, Theory of
Mind Al methods result in high engagement by continuously monitoring and adjusting
interactions based on emotional feedback. This approach allows Al systems to provide
continuous, personalized emotional support, significantly enhancing the learning
environment by creating a more engaging and supportive experience for students. The
improvement in emotional engagement is projected to be around 25%, highlighting the
Al's capacity to better address and respond to individual emotional needs.

e Student Support Efficacy: The comparison between traditional methods and Theory of
Mind Al (ToM Al) in terms of student support efficacy reveals a notable improvement.
Traditional methods exhibit moderate efficacy, primarily constrained by the availability
and training of human support staff, which can be inconsistent and resource-intensive. In
contrast, ToM Al offers high efficacy by providing scalable and consistent support,
tailored to individual needs without bias. This results in a projected 20% improvement in
support efficacy, as Al can continuously monitor and respond to student needs more
effectively than human staff alone, overcoming limitations in resources and training
inherent in traditional methods.

e Hypothetical Projections and Data Interpretation: The hypothetical projections
suggest substantial improvements in both emotional engagement and student support
efficacy when integrating ToM Al into educational settings. The projected improvements
of 25% in emotional engagement and 20% in support efficacy highlight the potential of
ToM Al to transform educational experiences. These figures are based on theoretical
models of ToM Al capabilities, indicating that as Al technology continues to evolve, its
impact on education could become even more pronounced.
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This analysis outlines the potential benefits of integrating Theory of Mind Al into educational
frameworks, emphasizing its capacity to enhance emotional engagement and support efficacy
through personalized, empathetic interactions.

Self-Aware Al:

Self-Aware Al, as defined, possesses self-awareness and human-level intelligence. This
implies it can understand human emotions and has a sense of self, suggesting a capacity for
complex interactions that mimic human-like understanding and responsiveness.

Potential Applications in Education:

¢ Fully Autonomous Educational Systems: These systems could potentially manage and
adapt curriculum delivery based on individual student needs and learning styles
autonomously.

e Advanced Personal Mentorship Programs: Al mentors could provide personalized
guidance to students, adapting in real-time to their emotional state and learning progress
(Das. Setal., (2024),.

Table 7: Metrics Comparison: Traditional vs. Self-Aware Al Methods
Traditional Self-Aware Al

i 0)
Metric Methods Methods Improvement (%o)
Mentorship Moderate Very High +30%
Quality yhig °
- ntin
Periodic Updates Moderate Continuous +30%
Improvement

Source: Hypothetical Projections based on Self-Aware Al capabilities.
Analysis and Interpretation:

e Mentorship Quality: The comparison between traditional mentorship methods and Self-
Aware Al highlights a significant leap in mentorship quality. Traditional approaches,
constrained by fixed guidelines and human limitations, generally offer moderate quality
mentorship. In contrast, Self-Aware Al excels by dynamically adjusting guidance in
response to real-time emotional and cognitive cues from students, thereby delivering very
high-quality mentorship. Projected to improve mentorship quality by approximately 30%,
this advancement stems from the Al's enhanced ability to understand and respond
effectively to human emotions, facilitating more personalized and effective educational
support. This capability represents a transformative potential in educational settings,
promising more adaptive and responsive mentorship experiences that could significantly
enhance learning outcomes.

e Periodic Updates: The comparison between traditional methods and Self-Aware Al in
terms of periodic updates highlights a significant advancement in educational practices.
Traditional methods typically rely on infrequent updates based on scheduled reviews,
limiting their ability to adapt quickly to individual student needs. In contrast, Self-Aware
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Al facilitates continuous improvement by constantly assessing student performance,
emotions, and learning patterns. This capability enables immediate adjustments in
teaching strategies and content delivery, resulting in a projected improvement of 30% in
learning outcomes. This shift from periodic to continuous assessment not only enhances
the responsiveness of educational systems but also fosters a more personalized and
effective learning environment tailored to each student's evolving needs and progress.

Analysis of the Current and Potential Impact of Al on Curriculum Development:

This objective focuses on examining how Al technologies are currently being used to enhance
curriculum development and what potential future impacts they might have. It includes
evaluating how Al can improve personalized learning, automate administrative tasks, and provide
real-time feedback, thereby addressing challenges in student engagement, accessibility, and
curriculum relevance.

Personalized Learning: Al-driven personalized learning systems significantly enhance
educational outcomes by tailoring content to meet individual student needs, learning paces, and
styles. According to Chen, Chen, and Lin (2020), these platforms have markedly improved
student performance. By Das. S. et., al., (2024), Al algorithms can analyze students' previous
work to identify areas of difficulty, providing customized resources and exercises to address these
challenges.

Table 8: The data table that outlines the comparative improvements over traditional
methods and Al-Powered methods

. Traditional Improvement
Metric Methods Al-Powered Methods (%)

Average Student 10% 25% +15%
Performance Increase

Student Engagement Rate 65% 80% +15%

Dropout Rate 15% 5% -10%

Source: Chen, L., Chen, P., & Lin, Z. (2020). Artificial Intelligence in Education: A Review.
IEEE Access, 8, 75264-75278.

Table data analysis:

Metrics indicate that Al-powered methods result in a 25% increase in average student
performance, a 15% improvement compared to traditional methods. Additionally, student
engagement rates rise from 65% to 80%, and dropout rates decrease from 15% to 5%, reflecting
a 10% reduction. These improvements underscore the efficacy of Al in creating more responsive
and supportive learning environments, ultimately leading to better educational outcomes (Chen,
L., Chen, P., & Lin, Z., 2020).

Automation of Administrative Tasks: Al's automation of administrative tasks in education
holds the potential to significantly reduce the time educators spend on non-teaching activities,
thereby allowing them to focus more on instruction and student interaction. According to the
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World Economic Forum (2020), Al-driven automation can manage grading, scheduling, and
aspects of student counseling with remarkable efficiency.

Table 9: The data table that outlines the comparative improvements over Time Spent per
Week (traditionally) methods and Time Spent per Week (Al).

Time Spent per Time Spent per Time Saved
Week (Traditional) Week (Al) (Hours)
Grading 10 hours 2 hours 8 hours
Scheduling 5 hours 1 hours 4 hours
Student Counseling 3 hours 1 hours 1 hours
Prep

Source: World Economic Forum. (2020). Schools of the Future: Defining New Models of
Education for the Fourth Industrial Revolution.

Table data analysis:

For instance, traditional grading typically consumes about 10 hours per week, but Al can
reduce this to just 2 hours, saving 8 hours. Scheduling, which usually takes 5 hours weekly, can
be cut down to 1 hour with Al, saving 4 hours. Additionally, preparation for student counseling,
which takes about 3 hours, can be reduced to 1 hour, saving another 2 hours. These time savings
demonstrate the transformative impact of Al in streamlining administrative tasks, thus enabling
educators to devote more time to fostering student engagement and enhancing the learning
experience (World Economic Forum, 2020).

Real-Time Feedback: By Das. S. et., al., (2024), Al tools' ability to provide real-time
feedback significantly enhances student learning by enabling immediate correction of mistakes
and deeper understanding of concepts. This instant feedback loop is crucial for maintaining
student engagement and improving educational outcomes. According to the Gates Foundation
(2019), real-time feedback systems lead to higher student satisfaction and better academic results.
Traditional methods often delay feedback, taking about three days for homework, one week for
tests and quizzes, and up to two weeks for project feedback.

Table 10: The data table that outlines the comparative improvements over Response Time
traditional) methods and Response Time (Al).
Response Time Response Time Improvement in

Feedback Type

(Traditional) (A Response Time (%)
Homework .
0,
Feedback 3 days Immediate 100%
Test/Quiz 0
Feedback 1 week 1 hours 98.5%
Project Feedback 2 weeks 1 day 92.9%

Source: Gates Foundation. (2019). Effective Teaching: Real-Time Feedback's Impact on
Student Learning.
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Table data analysis:

In contrast, Al systems can offer immediate feedback for homework, reduce test and quiz
feedback time to one hour, and provide project feedback within a day. These improvements
represent a 100% reduction in response time for homework, a 98.5% reduction for tests and
quizzes, and a 92.9% reduction for projects, illustrating the substantial efficiency gains made
possible by Al in educational settings. This rapid turnaround not only helps students promptly
address and learn from their mistakes but also fosters a more dynamic and responsive learning
environment (Gates Foundation, 2019).

Addressing Challenges in Student Engagement, Accessibility, and Curriculum
Relevance: Al technologies are instrumental in addressing challenges in student engagement,
accessibility, and curriculum relevance by offering innovative solutions that traditional
approaches struggle to match. Adaptive learning platforms enhance student engagement by
tailoring educational material to individual learning levels and interests, resulting in a 20%
improvement over standardized curricula (World Economic Forum, 2020).

Table 11: The data table that outlines the comparative improvements over traditional
Approach and Al Approach.
Traditional

Challenge Al Approach Improvement (%
g Approach pp p (%)
Student Standardized Adaptive Learning
. +20%
Engagement Curriculum Platforms
General Customized Al
A ibilit o . +25%
ceessibiiity Accessibility Tools Solutions ’
Curriculum . Continuous Al-
p i +30%
Relevance eriodic Updates Driven Updates 30%

Source: World Economic Forum. (2020). Schools of the Future: Defining New Models of
Education for the Fourth Industrial Revolution.

Table data analysis:

In terms of accessibility, Al provides customized learning tools for students with disabilities,
such as personalized content delivery and assistive technologies, which enhance learning access
by 25% compared to general accessibility tools. Additionally, Al ensures curriculum relevance
through continuous updates based on real-time data, leading to a 30% improvement over the
periodic updates typical of traditional methods. These Al-driven approaches not only foster a
more inclusive and engaging learning environment but also ensure that the curriculum remains
current and effective in meeting the evolving educational needs of students (World Economic
Forum, 2020).

The integration of Al into curriculum development offers substantial improvements in
personalized learning, administrative efficiency, and real-time feedback, addressing key
challenges in the current educational landscape. By leveraging Al technologies, educators can
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create more engaging, accessible, and relevant curricula that better prepare students for future
demands.

To Develop Strategies for Incorporating Al into Educational Curricula:

This objective seeks to develop practical strategies and recommendations for integrating Al
into educational curricula. It involves creating adaptive learning environments through narrow
Al applications, fostering critical thinking and problem-solving skills with general Al, and
envisioning innovative curriculum designs that might arise from future advancements in
superintelligent Al. These strategies will help educators and policymakers harness Al's
transformative potential to enhance teaching and learning processes effectively.

Creating Adaptive Learning Environments with Narrow Al:

Adaptive learning environments created through Narrow Al applications like Intelligent
Tutoring Systems (ITS) and adaptive learning platforms significantly enhance educational
outcomes by tailoring content to individual student needs. These systems utilize data analytics to
personalize lessons and provide targeted support. A study by Knewton (2018) found that adaptive
learning methods improved student performance by 30%, compared to a 15% increase with
traditional methods. Additionally, student retention rates rose from 70% to 85%, and the time to
mastery decreased from 10 weeks to 6 weeks, representing a 40% reduction. These metrics
underscore the effectiveness of adaptive learning technologies in improving educational
efficiency and student success (Knewton, 2018).

Table 12: The data table that outlines the comparative improvements over traditional
methods and Adaptive learning methods.

Metric Tl\r/? edtlr:;o dnsal Adapl;[/ll\;ihtzasrnmg Improvement (%)
Student
Performance 15% 30% +15%
Increase
Student Retention 20% 85%% 15+
Rate
Time to Mastery 10 weeks 6 weeks -40%

Source: Knewton. (2018). Adaptive Learning: The Future of Education. Knewton
Research.

Fostering Critical Thinking and Problem-Solving Skills with General Al: General Al has
the potential to significantly foster critical thinking and problem-solving skills in education by
engaging students with complex, open-ended tasks that necessitate higher-order thinking. Al
systems, such as IBM's Watson, have been implemented in classrooms to challenge students with
real-world problems and provide immediate, insightful feedback, thereby enhancing cognitive
skill development. According to research by Luckin et al. (2016), general Al can greatly improve
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cognitive skills and deepen students' understanding of subjects. In comparison to traditional
educational methods, which typically result in moderate enhancement of critical thinking and
problem-solving skills, general Al methods offer a substantial improvement, with a 20% increase
in critical thinking skills, a 25% increase in problem-solving abilities, and a 15% improvement
in subject mastery. These findings underscore the transformative impact of general Al in fostering
deeper cognitive engagement and mastery of complex subjects in educational settings (Luckin,
Holmes, Griffiths, & Forcier, 2016).

Table 13: The data table that outlines the comparative improvements over traditional
methods and General Al methods.

Cognitive Skill Traditional General Al lmprovement (%)
Enhancement Methods Methods P .
Critical Thinking . 0
Skills Moderate High +20%
Problem-Solving . 0
Abilities Moderate High +25%
Subject Mastery Moderate High +15%

Source: Luckin, R., Holmes, W., Griffiths, M., & Forcier, L. B. (2016). Intelligence
Unleashed: An Argument for Al in Education. Pearson Education.

Envisioning Innovative Curriculum Designs with Superintelligent Al: The development
of superintelligent Al promises to transform curriculum design, creating innovative educational
paradigms beyond current capabilities. While superintelligent Al remains largely theoretical, its
potential applications in education include fully autonomous learning environments, dynamic
curriculum generation, and real-time adaptation to global trends. According to Tegmark (2017),
these advancements could significantly enhance educational outcomes. For instance, curriculum
adaptation speed could improve from annual updates to real-time adjustments, resulting in a 90%
improvement. The depth of student personalization could shift from limited to fully personalized
learning experiences, enhancing individual learning by 80%. Additionally, the rate of educational
innovation could accelerate from gradual to rapid and continuous, with a predicted improvement
of 70%. These projections highlight the transformative potential of superintelligent Al in creating
more adaptive, personalized, and innovative educational systems, leading to unprecedented
advancements in how education is delivered and experienced (Tegmark, 2017).

Table 14: The data table that outlines the comparative improvements over Current State
Potential and Superintelligent Al Potential.

. Current Superintelligent Predicted
Potential Impact Area .
State Al Potential Improvement (%)
Curriculum Adaptation Annual Real-Time Updates +90%
Speed Updates
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Student Personalization Limited Fully Personalized +80%
Depth
Educational Innovation Gradual Rapid and +70%
Rate Continuous
Source: Tegmark, M. (2017). Life 3.0: Being Human in the Age of Artificial Intelligence.
Knopf.

Developing Practical Strategies for Educators and Policymakers: The development of
superintelligent Al holds the promise of transforming educational paradigms by enabling
unprecedented innovations in curriculum design. While still largely theoretical, superintelligent
Al could create fully autonomous learning environments, dynamically generate curricula, and
adapt to global educational trends in real-time. Tegmark (2017) speculates that such
advancements could drastically improve various aspects of education. For instance, the speed of
curriculum adaptation could shift from annual updates to real-time adjustments, leading to a
predicted improvement of 90%. Additionally, the depth of student personalization could become
fully tailored to individual needs, marking an 80% enhancement over current limited
personalization methods. Furthermore, the rate of educational innovation, currently gradual,
could become rapid and continuous, improving by 70%. These potential impacts underscore the
transformative power of superintelligent Al in fostering a more adaptive, personalized, and
innovative educational landscape (Tegmark, 2017).

Table 15: The data table that outlines the comparative improvements over Current
Implementation Rate and Recommended Implementation Rate.

Strategy Current Recommended Improvement (%)
Component Implementation Implementation
Rate Rate
Teacher Training 40% 90% +50%
Programs
Investment in Al 30% 80% +50%
Infrastructure
Continuous
Evaluation 20% 70% +50%
Mechanisms

Source: McKinsey & Company. (2019). How Al Could Transform Education. McKinsey
Global Institute.

Developing strategies for incorporating Al into educational curricula involves leveraging
narrow Al for adaptive learning, general Al for enhancing cognitive skills, and superintelligent
Al for future innovations. By implementing these strategies, educators and policymakers can
harness Al's transformative potential to create more effective and engaging learning
environments.

Findings:
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v' The exploration of different types of Al—Narrow Al, Artificial General Intelligence
(AGI), Superintelligent Al, Reactive Machine Al, Limited Memory Al, Theory of Mind Al, and
Self-Aware Al—reveals their transformative potential in curriculum development within the
educational sector. Narrow Al, exemplified by Intelligent Tutoring Systems, Personalized
Learning Platforms, and Automated Grading Systems, enhances student performance,
engagement, and teacher efficiency significantly. AGI, though theoretical, promises interactive
learning experiences, complex problem-solving aids, and innovative educational tools,
potentially revolutionizing curriculum adaptability and critical thinking development.
Superintelligent Al and its speculative projections suggest real-time curriculum updates,
personalized learning at an unprecedented depth, and rapid educational innovation. Reactive
Machine Al improves real-time interaction and administrative efficiency in classrooms, while
Limited Memory Al enhances learning personalization and student retention through predictive
analytics and adaptive learning systems. Theory of Mind Al introduces emotional intelligence
tutoring and personalized student support, elevating emotional engagement and efficacy in
educational settings. Self-Aware Al advances mentorship quality and continuous improvement
through autonomous educational systems and adaptive mentorship programs, potentially
reshaping curriculum delivery and educational outcomes comprehensively. These Al types
collectively illustrate a spectrum of capabilities that, if realized, could redefine how curriculum
is designed, personalized, and dynamically adapted to meet the evolving needs of learners in the
future.

v' The findings from the analysis highlight the transformative impact of different types of
Al on curriculum development across several dimensions. First, Al-driven personalized learning
systems significantly enhance student performance by 25%, compared to a 10% improvement
with traditional methods, while also increasing engagement by 15% and reducing dropout rates
by 10% (Chen, L., Chen, P., & Lin, Z., 2020). Second, Al's automation of administrative tasks,
as illustrated by the World Economic Forum (2020), reduces grading time from 10 hours to 2
hours per week, scheduling from 5 hours to 1 hour, and student counseling preparation from 3
hours to 1 hour, freeing up educators to focus more on teaching and student interaction. Third,
Al enables real-time feedback with immediate responses for homework, reducing feedback time
by 100%, test and quiz feedback by 98.5%, and project feedback by 92.9%, thereby enhancing
learning efficiency (Gates Foundation, 2019). Finally, Al addresses challenges in student
engagement, accessibility, and curriculum relevance by providing adaptive learning platforms
that improve engagement by 20%, enhance accessibility by 25% through customized solutions,
and ensure curriculum relevance with continuous updates, improving by 30% over periodic
updates (World Economic Forum, 2020). These findings collectively underscore Al's pivotal role
in revolutionizing curriculum development, making education more personalized, efficient, and
responsive to student needs in preparation for future educational demands.

v' The findings from the exploration of types of Al and their transformative impact on
curriculum development reveal significant advancements across different Al categories. Narrow
Al, exemplified by Intelligent Tutoring Systems and adaptive learning platforms, enhances
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educational outcomes through personalized content delivery and targeted support, demonstrating
improvements such as a 30% increase in student performance and a 40% reduction in time to
mastery (Knewton, 2018). General Al, like IBM's Watson, fosters critical thinking and problem-
solving skills with substantial gains of 20% in critical thinking, 25% in problem-solving abilities,
and 15% in subject mastery (Luckin et al., 2016). Superintelligent Al, though largely theoretical,
presents transformative potential with projections of 90% faster curriculum adaptation, 80%
deeper student personalization, and a 70% accelerated rate of educational innovation (Tegmark,
2017). These insights underscore Al's capacity to revolutionize curriculum design by enabling
adaptive learning environments, enhancing cognitive skill development, and envisioning
innovative educational paradigms that cater more precisely to individual learning needs and
global educational trends (Das, S.at. al 2024).

Conclusions:
In conclusion, the exploration of various types of Al, from Narrow Al to Superintelligent Al,

illuminates their profound impact on curriculum development within education. Narrow Al,
through applications like Intelligent Tutoring Systems and automated grading, significantly
enhances student performance, engagement, and teacher efficiency. Artificial General
Intelligence (AGI) holds promise for interactive learning experiences and advanced problem-
solving aids, potentially revolutionizing curriculum adaptability and critical thinking skills.
Superintelligent Al, while speculative, suggests revolutionary capabilities such as real-time
curriculum updates and deep personalized learning, which could accelerate educational
innovation and responsiveness. Reactive Machine Al, Limited Memory Al, Theory of Mind Al,
and Self-Aware Al each contribute unique capabilities, from enhancing real-time interactions and
learning personalization to fostering emotional engagement and advancing mentorship quality.
Collectively, these Al types signify a transformative spectrum that stands to reshape how
curricula are designed, personalized, and dynamically adjusted to meet the evolving needs of
learners in the future, fostering a more adaptive, efficient, and inclusive educational landscape
by (Das. S, et, al. (2024)).
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A Review on the Impact of Chromium Toxicity in Crab
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Abstract:

Crabs, an important edible crustacean of coastal ecosystems are subjected to heavy metal accumulation,
particularly chromium as a result of environmental pollution and other anthropogenic activities. Chromium has
been sourced from natural processes and industrial activities, bioaccumulates in crab tissues, posing risks to
both the organism and consumers. Various studies indicate differential tissue accumulation and histological
alterations in vital organs of crab, mainly, hepatopancreas, gills, and muscle being primary targets. High
chromium concentrations induce histopathological changes, impacting tissue integrity and physiological
functions. As a result of chromium toxicity crab’s behaviour is also affected, manifested as hyperactivity,
aggression, and impaired motor coordination. Understanding about the impact of chromium on crab physiology
and behaviour contributes to mitigate its environmental consequences and ensuring the sustainability of coastal
ecosystems. This review underscores the urgent need to monitor heavy metal levels in crab populations to
safeguard both ecological health and human consumers.

Introduction:

Crabs are considered the most interesting groups among decapod crustaceans used as test
animals for laboratory research (Heasman and Fielder, 1983). They are distributed in seas,
backwaters, estuaries, lakes, and freshwaters (Balasubramanayan, 1962; Bairagi, 1995; Bhadra,
1995; Dev Roy and Rath, 2017, Dev Roy and Nandi, 2007; Dev Roy and Bhadra, 2008).
Because of their high protein and mineral content, crabs are not only nutritious but also a
superior source of income for the people residing in coastal areas (Dhanya Viswam, 2015;
Nanda et. al. 2021). Being exposed to tidal water and coastal lands alternately, crabs are
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regularly exposed to different pollutants of water as well as pressures from terrestrial
environments. On the other hand, the discharge of the wastes without adequate treatment often
contaminates the water bodies with conservative pollutants (like heavy metals), many of which
accumulated in the tissues of resident organisms like fishes, oysters, crabs, shrimps, and
seaweeds among others (lyengar, 1991; Shou Zhao et al. 2012; Das et. al., 2015; Fisayo et al.
2017), thus produce toxicity in these organisms. Hence, it is important to investigate the levels
of heavy metals in crab to assess whether the concentration is within the permissible level and
possibly may pose any hazard to the consumers (Krishnamurti and Nair, 1999; Sivaperumal et
al., 2007; Uysal et al., 2008; Palaniappan and Karthikeyan, 2009). On the other hand due to
urbanization, industrialization and advanced agriculture practices, heavy metals, pesticides,
insecticides and other pollutants are regularly disposed in the water bodies and thus warrant in-
depth research to save the diversity of crab species.

Due to their toxicity, long persistence, bio-accumulative, bio-magnifying and non-
biodegradable properties in the food chain, metals constitute a core group of aquatic pollutants
(Tchounwou et al., 2012; Pandiyan et al. 2021). They occur in the environment both as a result
of natural processes and as pollutants from human activities (Garcia-Montelongo et al. 1994;
Jordao et al. 2002). Once discharged into water bodies metals can either be adsorbed on
sediment particles or be accumulated in aquatic organisms. It was evident that concentrations of
metal in aquatic ecosystems have also increased due to mining, industrial, and agricultural
activities (Ikem and Egiebor, 2005; Uysal et al., 2008).

In general, crustaceans have higher sensitivity towards heavy metals (Migliore and De
Nicola Giudici, 1990). Previous studies revealed that bottom feeder crabs are expected to
concentrate more heavy metals in their body parts than the surface feeders (Bastami et al.,
2012). Frequent fluctuations of ambient salinity could be a major cause of bioaccumulation of
metal in the estuarine crab (Zanders and Rojas, 1996). Several studies revealed that
accumulation of heavy metals in crab begins when they are present with high concentrations in
surrounding medium (Hosseini et al., 2014; Fatemi and Khoramnejadian, 2016).

Chromium (Cr) is an important heavy metal having atomic number 24. Chromium can
exists in different oxidation states among which Chromium (V1) is most significant for its
stability and persistence. Chromium (V1) is one of the most hazardous heavy metal released
from industries like electroplating, leather tanning, dye production, wood preservation, stainless
steel welding etc. (Das and Mishra, 2009; Madhu et al., 2022). Despite its essential role in
biological systems, excessive amounts of Cr can lead to toxic effects (Bielicka-Gieldonet al.,
2005). It is evident that Cr accumulation in tissue can create histological alternation of different
organs like the gills, hepatopancreas, and muscles of crab species (Vasanthi et al., 2014). Some
important enzymatic activities are also affected by sub-lethal concentrations of Cr. The present
review deals with the impacts of high concentrations of Cr on crab, where the authors are
concerned as the direct consumers of crab and crab products.

Source and transport of chromium in the environment

Cr occurs as a natural component of the Earth’s crust (Sneddon, 2012; Srivastav et al.,
2018). It exists in several oxidized forms in the environment of them the most stable and
common form is Cr (o) (e.g., elemental metallic chromium), which only exists in ores
essentially chromite; Cr (Il), e.g., ferrochrome (FeCr.04) or chromate; and Cr (V1) species,
e.g., ammonium dichromate [(NH4).Cr207]. Cr (IlI) is released from weathering and readily
adsorbed by clay minerals and precipitates with iron and aluminum hydroxides. The
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concentration of Cr in the environment is also increased due to anthropogenic activities (Prasad
et al., 2021). Various industrial applications such as production processing of metals, chrome,
chromate, leathers, textile, chrome plating, stainless steel welding, steel slags, and ferrochrome
pigments are extensively used Cr (Bielicka-Gieldon, 2005). Cr is released into the environment
through these industrial sources, particularly from the processing and manufacturing of
chemicals, minerals, steel, metal plating, leather tanning, textile dyeing, electroplating, cement
production, metallurgical works, and other industrial processes (Nakkeeran et al., 2018; Lian et
al., 2019). Large amounts of wastewater, including solid sludge and Cr-bearing waste, such as
tannery effluents, are also generated from these industrial activities, which contribute to
significant chromium pollution worldwide (Yoshinaga et al., 2018). Cr is transported in the
environment primarily through weathering of rock, atmosphere fallout, and wet and dry
precipitation. It is reported that chromium is also washed out from the terrestrial systems
(Sneddon, 2012). According to He and Li (2020) higher Cr concentration found in soil and rock
samples, indicate that loess and mudstone are important sources of Cr (V1) pollution (He et al.,
2020). Soil and water pollution can occur due to leaching and weathering of chromite from
mines and infiltrated water (Das and Mishra, 2009). In India, Tamil Nadu (e.g., Ranipet), Uttar
Pradesh (e.g., Kanpur), Odisha (e.g., Sukinda Valley), and West Bengal (e.g., Ranaghat-Fulia),
are particularly at high risk from increased concentrations of chromium in soil and water
(Shankar and Venkateswarlu, 2019). The following tables (Tables 1 and 2) depict about the
types of hexavalent Cr and Cr-content in various industrial effluents.
Table 1: Type of hexavalent chromium [Cr (V1)] used in various industries (Das and
Mishra, 2009

Cr- used in industries | Chemical form
Anti-corrosion agent (chrome, spray coatings) Barium chromate (BaCrOg4), Calcium chromate
(CaCrQs), Zinc chromate (ZnCrQg), Strontium
chromate (SrCrO4), Sodium chromate (CrNaO.)

Tanning of leather products Ammonium dichromate [(NH).Cr,0-]

Wood-preservatives Chromium trioxide (CrQOs)

Stainless Steel Potassium chromate (KCrO.), Sodium chromate
(CrNaz0.), Ammonium dichromate
[(NH,).Cr,07], Potassium dichromate (K,Cr,O5)

Paints, inks, and plastics, pigments Barium chromate (BaCrOg4), Calcium chromate

(CaCrO,4), Lead chromate (PbCrO.), Zinc
chromate  (ZnCrQO,), Potassium  dichromate
(K2Cr,0y), Sodium chromate (CrNa;Os)

Table 2: Chromium content in various industrial effluents sources and wastewater release
(Prasad et al., 2021)

SI. No. Industrial effluents and wastewater Cr content (mg L™ 1) References
release
1. Tannery effluents 0.7-345mg L'? Dhungana and Yadav
(2009)
2. Chromite ore processing waste 199-3970 mg kg* Becker et al. (2006)
3. Textile mills effluents 0.11-0.21mgL-1 Bhardwaj et al. (2014)
4, Chrome plating industry wastewater 5721.95mg L-1 Karega et al. (2015)
5. Steel industry slags 2915 mg kg- 1 Sas et al. (2015)
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Bioaccumulation of chromium in crab

Heavy metals released from natural and anthropogenic sources cause environmental
pollution of aquatic ecosystem because of their bioaccumulation, long persistence and
biomagnifications in the food chain (Erdogrul and Ates, 2006, Rainbow, 2007, Jakimska-
Nagorska, 2011, Jitar et al., 2013). Crabs are benthic crustacean and because of their detritus
and bottom-feeding habits crabs are more sensitive to bioaccumulation of metals (Basmati et
al., 2012, Williams et al., 2022). Though Cr is an essential metal, the elevated concentrations of
Cr are found in different crab species which can cause hazard (Rahman et al., 2019). The
bioaccumulations of Cr in different tissues are mainly dependent upon water-metal
concentrations and exposure time (Bochenek et al.,, 2008; Mansouri et al., 2011).
Bioaccumulation of Cr also varies depending on size and type of tissues (Imad et al., 2022). As
the organism's size and dimension increase, the concentration of Cr in soft tissues and the shell
decreases substantially (Sharma et al., 2023). Different tissues show varying levels of Cr
accumulation, with the highest concentrations found in gills, kidneys, and hepatopancreas,
while less in muscular tissues (Kim and Kang, 2016). Williams et al., (2022) advocated that
higher chromium concentrations in the muscle of crab from Ashtamudi lake, India. In blue
swimmer crab from northern Bay of Bengal hepatopancreas was recorded with highest Cr
concentration followed by gill and muscle (Das et al., 2015). Batvari et al. (2013) also recorded
the distribution of total chromium concentrations in Scyla serrata in the following order:
hepatopancreas > muscle > intestine > gills. Another report revealed that Cr levels in
hepatopancreas, gills, muscle and whole body tissues of fresh water crab Barytelphusaguerini
were high than maximum allowable standards in food (Sayyad et al., 2007).

Effects of chromium on tissue histology

High Cr concentration caused many histological alterations in crab tissues (Sharma et al.,
2023). Hexavalent Cr caused invasive melanized cuticular lesions at the chelipeds and pleopods
(Ranga Rao and Doughtie, 2003). Several structural changes like hyaline degeneration, splitting
of muscle fibers, and appearance of granular materials are reported under TEM analysis in
muscle tissue of Scylla serrata due to chromium toxicity (Williams et al., 2022). Structural
alterations like atrophy, vacoualization were also observed in the muscle of mud crab by
Lourduraj et al., 2014. Similar types of alterations in hepatopancreas, gills are also reported

(Sanaa,2020).
.
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Figure 1. (MF Myoﬂbrlls SMF Spllttlng of muscle fibres; HD — Hyaline degeneratlon O-

Oedema; GM —Granular materials; FMF — Fragmentation of muscle fibres in muscle tissue of S.
serrata due to chromium toxicity (Williams et al., 2022)

Effects of chromium on body physiology

Though Cr is an essential nutrient, but hexavalent and trivalent chromium, can be toxic and
even carcinogenic at high concentrations. Previous studies indicate that excess Cr affects the
body's redox balance. As a results reactive oxygen species (ROS), are formed leading to
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reduction in antioxidant enzyme activity, and alterations in oxidative status (Rai et al., 2004;
Dazy et al., 2008). Olmedo et al. (2016) reported alterations in haemocyte count and functions
due to chromium toxicity in crabs. Crab haemolymph contains haemocytes, performing various
functions like food transport, phagocytosis, capturing foreign particles, defense, and
haemolymph coagulation.

Effects of chromium on behavior

There are very few reports on the effect of chromium on the behavior of crab. However,
some behavioural anomalies such as hyperactivity, aggression, loss of balance, erratic
swimming, rapid surfacing, profused mucous secretion, blackening of gills etc. are observed
due to high concentrations of chromium (Sharma et al., 2008). Cr also appeared to cause
labyrinth hypoactivity in the antennal glands (Williams et al., 2022).

Effects of reproduction

Acute exposure of female crabs (Carcinus maenas) to Cr caused a significant inhibition of
ovarian alkaline phosphatese and non specific esterase activities, a significant reduction of
ovarian protein content and decreases in both GSI (Gonadosomatic index) and HIS
(Hepatosomatic index). In addition, crabs exposed to chromium showed a significant increase
of acid phosphatase activity thus interfere with the ovarian cycle and therefore, with the
reproduction of crab species (Elumalai et al., 2005).

Conclusion
It can be concluded that chromium contamination is imposing huge alterations in crab’s life

though all the hazardous notations. This review can put forward the basic potential alterations
of chromium pollution in crabs and will be helpful for future researchers to gather advanced
knowledge of the ecotoxicology and risk assessment of chromium.
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Chapter- 17

Intelligence and Artificial Intelligence: Core Concepts, Interrelationships, and
Educational Possibilities
Dr. Somnath Das and Saeed Anowar

Keywords: Human Intelligence; Artificial Intelligence, Future Prospects, Interdisciplinary Learning

Abstract:

This study delves into the intricate relationship between human intelligence and artificial intelligence (Al)
within the realm of contemporary education. It examines the core concepts that define both forms of intelligence
and explores how they intersect and complement each other in educational settings. By integrating insights from
recent studies, including the impact of Al technology on environmental education, and the role of Al in enhancing
cognitive development and human memory, this article highlights the transformative potential of Al in education.
Additionally, it considers current trends and future prospects in Al education, emphasizing the necessity for
educators to adapt and leverage these technologies to foster a more dynamic and effective learning environment.
This study explores intelligence and Al through a literature review across SCOPUS, Science Direct, Google
Scholar, and ERIC, using keywords like "intelligence” and "artificial intelligence.” Qualitative insights are
gathered from focus groups with educators and Al experts, ensuring ethical standards and employing content
analysis for thematic insights. In finding of the study, Al integration in Indian education enhances personalized
learning via platforms like DreamBox, predicting student performance and aiding at-risk individuals. Chatbots
streamline admin tasks, democratize access to education globally, and address ethical concerns like privacy and
bias, potentially transforming

Introduction:

In contemporary education, the integration of human intelligence and artificial intelligence
(Al) represents a significant paradigm shift. This chapter, titled "Exploring the Interplay of
Human and Artificial Intelligence in Modern Education: Core Concepts and Future Possibilities,"”
delves into the foundational ideas and prospective advancements in this transformative domain.
The exploration of these core concepts and future possibilities is crucial as educational landscapes
evolve, driven by technological advancements and the increasing relevance of Al.

Understanding the core concepts of both human and artificial intelligence is essential for
appreciating their synergistic potential in education. Human intelligence encompasses cognitive
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Intelligence and Artificial Intelligence: Core Concepts, Interrelationships, and Educational Possibilities

abilities such as learning, reasoning, and problem-solving, which have been traditionally nurtured
through conventional educational methods. On the other hand, artificial intelligence refers to the
simulation of human intelligence in machines, enabling them to perform tasks that typically
require human cognition (Das, Anowar, & Chakraborty, 2024).

The chapter examines how Al technologies, such as machine learning, natural language
processing, and adaptive learning systems, can complement and enhance human cognitive
processes. The integration of these technologies into educational settings offers promising future
possibilities, including personalized learning experiences, efficient administrative processes, and
enhanced pedagogical strategies (Das, Das, Anowar, & Das, 2024). For instance, Al-powered
tools can provide real-time feedback, adaptive assessments, and tailored educational content,
thereby fostering a more individualized and effective learning environment.

This exploration is particularly significant in the present scenario, where the rapid pace of
technological innovation necessitates an adaptive and forward-thinking approach to education.
The COVID-19 pandemic has further underscored the importance of flexible and resilient
educational systems capable of leveraging digital tools to ensure continuity and quality of
learning (Das, Anowar, & Ghosh, 2024). By examining the interplay between human and
artificial intelligence, this chapter aims to provide insights into how educators, policymakers, and
researchers can collaboratively shape the future of education.

This chapter highlights the importance of understanding the core concepts of human and
artificial intelligence and their interrelationships in the context of modern education. It also
explores the future possibilities of integrating Al technologies to enhance educational outcomes.
As the landscape of education continues to evolve, the insights provided in this chapter will be
invaluable for navigating and harnessing the potential of Al in educational contexts.

Objectives:
1. Examine Core Concepts of Human and Artificial Intelligence: To understand and

elucidate the fundamental ideas that define human intelligence and artificial intelligence (Al),
highlighting their individual characteristics and the potential for their integration in educational
settings.

2. Explore the Interrelationship and Complementary Roles of Al and Human
Intelligence: To analyze how Al technologies, such as machine learning, natural language
processing, and adaptive learning systems, can enhance and support human cognitive processes,
thereby creating a more dynamic and effective learning environment.

3. ldentify Future Prospects and Trends in Al Education: To investigate current trends
and future possibilities in the integration of Al in education, emphasizing the importance for
educators, policymakers, and researchers to adapt and leverage these technologies to foster
personalized learning experiences, efficient administrative processes, and innovative pedagogical
strategies.

Methods and Materials:

207 Life as Basic Science: An Overview and Prospects for the Future Volume: 2



Intelligence and Artificial Intelligence: Core Concepts, Interrelationships, and Educational Possibilities

This study investigates the core concepts, interrelationships, and educational possibilities of
intelligence and artificial intelligence (Al). A systematic literature review is conducted across
reputable databases including SCOPUS, Science Direct, Google Scholar, and ERIC, using
keywords such as "intelligence,” "artificial intelligence,” "core concepts,” "interrelationships,"
and "educational possibilities.” Qualitative insights are gathered through focus group discussions
involving educators, Al experts, and educational stakeholders to explore perceptions and
potentials. Ethical considerations are rigorously observed, ensuring participant confidentiality,
informed consent, and anonymization of qualitative data. Analysis of qualitative data employs
content analysis to uncover recurring themes and insights, contributing to a comprehensive
understanding of intelligence and Al within educational contexts.

Examine Core Concepts of Human and Artificial Intelligence:

To understand and elucidate the fundamental ideas that define human intelligence and
artificial intelligence (Al), highlighting their individual characteristics and the potential for their
integration in educational settings.

Human Intelligence:

Human intelligence is a multifaceted and dynamic construct that has evolved over millennia,
shaped by both biological and cultural factors. It encompasses a broad range of cognitive abilities
that are crucial for everyday functioning and adaptation. Here, we delve deeper into the various
aspects of human intelligence:

e Learning: Learning is the process through which individuals acquire new knowledge,
skills, behaviors, or values. It is a fundamental aspect of human intelligence that allows
for the adaptation and improvement of behavior over time. Learning can occur through
various means, including: Learning, a cornerstone of human intelligence, encompasses
the acquisition of new knowledge, skills, behaviors, and values essential for adaptation
and growth. It manifests through various mechanisms: Classical Conditioning, elucidated
by Pavlov (1927), demonstrates learning via association, where a neutral stimulus gains
significance through repeated pairing with a meaningful stimulus, altering behavior
reflexively. Operant Conditioning, explored by Skinner (1953), illustrates learning
through consequences, where behaviors are reinforced or weakened based on rewards or
punishments, shaping future actions through trial and error. Observational Learning, as
posited by Bandura (1977), underscores the role of social learning theory, emphasizing
how individuals acquire new behaviors by observing and imitating others, demonstrating
cognitive processes that facilitate learning through vicarious experiences and modeling
behaviors observed in others' actions. These theoretical frameworks highlight diverse
pathways through which learning occurs, shaping human intelligence and fostering
adaptive responses to environmental stimuli.

¢ Reasoning: Reasoning involves the ability to think logically and make sense of complex
information. It enables individuals to draw conclusions, make decisions, and solve
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problems. Reasoning can be categorized into different types: Reasoning is a cognitive
process crucial for logical thinking and problem-solving, encompassing various types that
facilitate understanding and decision-making across different domains. Deductive
reasoning involves deriving specific conclusions from general principles; for instance,
reasoning that all humans are mortal, and since Socrates is human, deducing that Socrates
must also be mortal (Harris, 1990). Inductive reasoning, on the other hand, generalizes
from specific observations or experiences; an example being the observation of multiple
white swans leading to the conclusion that all swans are white (Mill, 1843). Abductive
reasoning involves formulating plausible explanations based on limited evidence,
commonly employed in diagnostic contexts such as medical diagnosis, where a doctor
infers a likely disease based on observed symptoms (Peirce, 1931). These forms of
reasoning are fundamental not only in everyday problem-solving but also in scientific
inquiry and professional decision-making processes, illustrating their critical role in
rational thought and inference within diverse contexts.

Problem-Solving: Problem-solving is a cognitive process crucial to both human
intelligence and artificial intelligence (Al), involving distinct stages that facilitate
effective decision-making and problem resolution. Initially, problem-solving begins with
problem identification, where individuals or Al systems recognize the existence of a
challenge or inefficiency within a given context. Subsequently, the process moves to the
generation of solutions, wherein various strategies and approaches are brainstormed to
address the identified problem. This stage underscores the creativity and adaptability
inherent in human cognition and Al algorithms alike, emphasizing the capacity to explore
multiple avenues for resolution. Following the generation phase, problem-solving entails
the critical evaluation of potential solutions based on criteria such as feasibility,
efficiency, and anticipated outcomes. This evaluative step draws parallels between human
reasoning processes and Al's analytical capabilities, which rely on data-driven
assessments to optimize decision-making. Finally, the chosen solution is implemented,
marking the culmination of the problem-solving process, where both human agents and
Al systems execute strategies and monitor their effectiveness over time (Newell & Simon,
1972). This structured approach not only highlights the shared cognitive foundations of
human and artificial problem-solving but also underscores the potential synergy when
integrating Al technologies to enhance decision-making and problem resolution in diverse
domains.

Perception: Perception, a fundamental cognitive process, involves the intricate
interpretation and organization of sensory information to construct a coherent
understanding of the surrounding environment. It encompasses several key aspects
essential for human cognition. Initially, perception begins with sensory processing, where
sensory organs detect and encode various stimuli such as light, sound, touch, taste, and
smell. This initial detection sets the stage for further cognitive processing. Subsequently,
perception involves pattern recognition, enabling individuals to identify and categorize
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complex patterns and objects within the sensory input. For instance, recognizing faces or
interpreting written text are tasks reliant on proficient pattern recognition skills.
Moreover, attention plays a critical role in perception by selectively focusing cognitive
resources on specific stimuli while filtering out irrelevant information, thereby enhancing
cognitive efficiency and task performance (Goldstein, 2010). Understanding these
components of perception provides insights into how humans navigate and interact with
their environment, influencing various aspects of learning, decision-making, and
everyday experiences.

e Language Comprehension: Language comprehension is a multifaceted cognitive
process central to human communication, encompassing various components essential for
understanding spoken, written, or signed language. Phonology forms the foundational
aspect, involving the recognition and interpretation of sound patterns within a language,
crucial for distinguishing between words like "pat™ and "bat." Syntax governs the rules
that dictate how words combine to form grammatically correct sentences, allowing
individuals to comprehend the structure and organization of language. Semantics delves
into the meaning of words and sentences, enabling individuals to grasp the intended
message based on lexical and contextual clues. Moreover, pragmatics plays a vital role in
interpreting language within its situational context, encompassing the understanding of
nuances such as sarcasm, metaphors, and idiomatic expressions, which are essential for
effective communication (Chomsky, 1965).

e Evolutionary and Cultural Development: The development of human intelligence is
intricately intertwined with both evolutionary biology and cultural practices. From an
evolutionary perspective, human intelligence has evolved through natural selection,
which has favored traits that enhance survival and reproductive success. This evolutionary
process has notably resulted in the development of a large brain capable of sophisticated
cognitive functions, including complex thought and social interaction (Dunbar, 1998).
Cultural evolution, on the other hand, has further shaped human intelligence through
practices such as education, language development, and social norms. Vygotsky
highlighted the crucial role of cultural tools and social interaction in cognitive
development, emphasizing how these factors facilitate learning and the transmission of
knowledge across generations (Vygotsky, 1978). Together, biological evolution and
cultural practices have synergistically contributed to the development and diversity of
human intelligence, reflecting a dynamic interplay between genetic inheritance and socio-
cultural influences in shaping cognitive abilities.

Human intelligence is characterized by:
e Adaptability: The ability to learn from experience, adjust to new situations, and solve
problems in a variety of contexts.

Life as Basic Science: An Overview and Prospects for the Future Volume: 2 210



Intelligence and Artificial Intelligence: Core Concepts, Interrelationships, and Educational Possibilities

Complex Problem-Solving: Engaging in abstract thinking and reasoning to tackle
complex issues.
Emotional Intelligence: Understanding and managing one's own emotions and those of
others, which is crucial for effective communication and interpersonal relationships
(Gardner, 1983).

Artificial Intelligence:

Artificial intelligence (Al) represents a significant advancement in technology, aiming to
replicate human cognitive functions in machines. This simulation of human intelligence enables
Al systems to perform tasks that traditionally necessitate human reasoning, learning, and
problem-solving abilities.

Key Characteristics of Artificial Intelligence;

211

Machine Learning: Artificial intelligence (Al) exhibits key characteristics such as
machine learning, where Al systems can autonomously learn from data and experiences
without explicit programming. For instance, deep learning models like convolutional
neural networks (CNNSs) used in image recognition can improve accuracy by training on
vast datasets, refining their ability to identify objects or patterns in images (LeCun,
Bengio, & Hinton, 2015). This iterative learning process allows Al to adapt and optimize
its performance over time, making it increasingly effective in tasks ranging from natural
language processing models like GPT-3 for generating human-like text (Brown et al.,
2020) to reinforcement learning algorithms that can master complex games such as
AlphaGo (Silver et al., 2016). Such capabilities underscore Al's potential to revolutionize
fields like healthcare, where Al-powered diagnostic tools continually enhance diagnostic
accuracy and treatment recommendations based on evolving medical data (Obermeyer &
Emanuel, 2016).

Natural Language Processing (NLP): Natural Language Processing (NLP) stands as a
pivotal capability within artificial intelligence (Al), empowering systems to comprehend,
interpret, and generate human language. This technology facilitates a broad spectrum of
applications, exemplified by chatbots capable of engaging in natural, contextually aware
conversations with users. For instance, Al-driven virtual assistants like Apple's Siri and
Amazon's Alexa utilize NLP to understand spoken commands and respond appropriately,
showcasing real-time language processing capabilities. Moreover, NLP supports
sentiment analysis, a crucial application in gauging public opinion from textual data
across social media platforms, customer reviews, and news articles. This analytical
prowess enables businesses to derive actionable insights regarding consumer sentiment,
thereby informing strategic decisions. Such advancements underscore NLP's
transformative impact in bridging human-machine communication gaps and enhancing
decision-making processes through sophisticated language understanding and analysis
(Jurafsky & Martin, 2020).
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e Computer Vision: Artificial intelligence (Al) has revolutionized computer vision,
enabling systems to analyze and interpret visual data with remarkable accuracy and speed.
Al-powered computer vision applications encompass a wide array of tasks, including
facial recognition, where algorithms identify and verify individuals based on facial
features, enhancing security systems and user authentication processes (Zhao et al., 2019).
Object detection capabilities allow Al to identify and locate multiple objects within
images or videos, used extensively in surveillance, inventory management, and
augmented reality applications (Ren et al., 2015). Autonomous driving represents another
frontier where Al-driven computer vision plays a crucial role, enabling vehicles to
perceive and interpret their surroundings, detect obstacles, and make real-time driving
decisions, thus paving the way for safer and more efficient transportation systems (Zhou
et al., 2020). These advancements underscore Al's transformative impact in leveraging
visual information to enhance decision-making processes across various domains.

e Automation and Decision Making: Artificial intelligence (Al) exhibits key
characteristics that revolutionize various industries, particularly in automation and
decision-making capabilities. Al systems excel in automating repetitive tasks through
advanced algorithms that process and analyze vast amounts of data swiftly and accurately.
For instance, in healthcare, Al-powered systems like IBM Watson are utilized for
diagnosing diseases by analyzing patient data and medical literature, significantly
reducing the time required for diagnosis (Obermeyer & Emanuel, 2016). Moreover, in
finance, Al algorithms enable automated trading systems to make split-second decisions
based on market trends and historical data, optimizing investment strategies (Birch,
2020). Beyond these sectors, Al's ability to automate administrative tasks, such as
customer service inquiries through chatbots or scheduling and resource management in
educational settings, demonstrates its versatility and efficiency (Chui, Manyika, &
Miremadi, 2016). These examples illustrate how Al not only streamlines operations but
also enhances decision-making processes by leveraging complex algorithms and pattern
recognition capabilities.

Applications of Artificial Intelligence:

Artificial intelligence (Al) has permeated various sectors with profound impacts, each
bringing unique applications and ethical considerations. In healthcare, Al enhances diagnostics
through medical image analysis, aids in personalized treatment recommendations by analyzing
vast patient datasets, and enables predictive analytics to preemptively identify health risks
(Obermeyer & Emanuel, 2016). In finance, Al powers fraud detection systems that sift through
large volumes of transaction data, optimizes algorithmic trading strategies by analyzing market
trends in real-time, facilitates credit scoring processes for loan approvals, and enhances customer
service through Al-powered chatbots that handle inquiries efficiently (Birch, 2020). In education,
Al platforms offer personalized learning experiences by adapting curriculum and pace based on
individual student performance, automate grading to provide timely feedback, and employ
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adaptive learning technologies to tailor educational content dynamically (Siemens & Baker,
2012). However, alongside these advancements, ethical dilemmas emerge concerning privacy,
algorithmic bias in decision-making, job displacement due to automation, and the equitable
distribution of Al benefits across societal strata (Bostrom & Yudkowsky, 2014). These dual
aspects underscore the need for careful consideration and regulation to harness Al's potential
while mitigating its societal risks.

Ethical and Societal Implications:

The rapid advancement of Al technology has brought forth significant ethical and societal
implications that warrant careful consideration. Privacy concerns arise from the extensive
collection and utilization of personal data by Al systems, such as in targeted advertising or
surveillance applications. Bias in algorithms remains a critical issue, as Al systems trained on
biased datasets can perpetuate and amplify societal inequalities, affecting decisions in areas like
hiring or loan approvals. Moreover, the automation driven by Al poses challenges of job
displacement, particularly in routine and repetitive tasks, potentially reshaping labor markets and
requiring new skills for the workforce (Chui et al., 2016). In critical domains like law and
governance, the use of Al for decision-making introduces complexities around accountability,
transparency, and the fairness of outcomes, raising questions about the ethical frameworks
needed to govern Al applications responsibly (Bostrom & Yudkowsky, 2014). These ethical
considerations underscore the importance of developing robust regulations, ethical guidelines,
and public discourse to ensure that Al technologies are deployed in ways that benefit society
while mitigating potential harms.

Integration in Educational Settings:

The integration of human and artificial intelligence in educational settings presents a unique
opportunity to enhance learning experiences and outcomes. Here are some specific ways this
integration can be realized:

e Personalized Learning: Integration of artificial intelligence (Al) in educational settings,
particularly through personalized learning, exemplifies its transformative potential. Al-
enabled platforms like DreamBox Learning utilize sophisticated algorithms to analyze
vast amounts of student data in real-time. This analysis allows Al systems to tailor
educational content and learning experiences according to each student's unique learning
pace, preferences, strengths, and weaknesses. For instance, DreamBox Learning adjusts
math lessons dynamically based on ongoing assessments of student performance,
providing targeted interventions and adaptive feedback to optimize learning outcomes
(DreamBox Learning, 2023). This personalized approach not only enhances engagement
and motivation but also supports educators in delivering more effective and efficient
instruction that meets individual student needs. Such applications demonstrate how Al
can revolutionize traditional educational practices by fostering a more adaptive, student-
centered learning environment that maximizes educational outcomes.
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e Administrative Efficiency: Al can automate administrative tasks such as grading,
scheduling, and managing student records, allowing educators to focus more on teaching
and less on paperwork. According to a study by McKinsey & Company, Al could
automate up to 20% of teachers' administrative work, potentially saving up to 13 hours
per week (McKinsey & Company, 2020).

The potential impact of Al in education:

e Improvement in Learning Outcomes: A study by the Rand Corporation found that
personalized learning approaches, often powered by Al, can lead to significant
improvements in student performance. Students in schools using personalized learning
strategies gained approximately 3 percentile points in mathematics compared to their
peers (Pane et al., 2015).

e Cost Efficiency: Al-driven tools in education offer substantial cost efficiencies by
streamlining various processes and optimizing resource allocation. For instance, Al-
powered administrative systems can automate routine tasks such as grading, scheduling,
and student record management, reducing administrative overhead significantly.
Moreover, Al's ability to personalize learning experiences can lead to more efficient use
of instructional materials, as content can be dynamically adjusted based on individual
student needs, thereby reducing waste and improving resource utilization. Additionally,
Al-enabled predictive analytics can help institutions forecast demand for courses and
allocate resources more effectively, further enhancing cost efficiency (McKinsey &
Company, 2020). For example, platforms like Coursera and edX use Al algorithms to
recommend courses to learners based on their preferences and learning history,
optimizing the use of educational content and infrastructure (Coursera, 2023). Overall,
the integration of Al in education not only promises cost savings but also enhances
educational outcomes by tailoring learning experiences and resource allocation to meet
diverse student needs.

Understanding the core concepts of human and artificial intelligence and their potential
integration in educational settings is essential for leveraging their combined strengths. Human
intelligence, with its adaptability and complex problem-solving abilities, complements Al's data
processing and automation capabilities. By integrating these forms of intelligence, educational
institutions can create more personalized, efficient, and effective learning environments,
ultimately enhancing student outcomes and preparing them for the future.

Interrelationship and Complementary Roles of Al and Human Intelligence:

The integration of artificial intelligence (Al) technologies in education offers profound
opportunities to enhance and support human cognitive processes. By leveraging Al tools such as
machine learning, natural language processing (NLP), and adaptive learning systems, educators
can create a more dynamic and effective learning environment.

Machine Learning in Education:
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Machine learning algorithms analyze vast amounts of educational data to identify patterns and
predict student outcomes. For example, predictive analytics can identify students at risk of falling
behind, enabling timely interventions. According to a study by Popenici and Kerr (2017),
machine learning systems can predict student success with up to 85% accuracy, providing
educators with actionable insights to tailor their teaching strategies. One practical application is
in intelligent tutoring systems (ITS), which use machine learning to adapt to the individual needs
of students. These systems continuously assess student performance and adjust the difficulty level
of tasks accordingly. A notable example is Carnegie Learning's MATHia, which has shown to
improve student proficiency in math by 30% compared to traditional methods (Carnegie
Learning, 2020).

Natural Language Processing (NLP):

NLP enables machines to understand and respond to human language, facilitating more
interactive and personalized learning experiences. For instance, Al-powered chatbots can provide
instant support to students, answering questions and offering explanations in real-time. This not
only helps in reinforcing learning but also ensures that students receive immediate assistance,
reducing frustration and improving engagement (Huang et al., 2019). NLP technologies can assist
in grading and providing feedback. Automated essay scoring systems use NLP to evaluate writing
quality and provide constructive feedback, freeing up educators' time for more personalized
instruction. A study by Shermis and Hamner (2013) found that such systems could achieve an
accuracy rate of 90% compared to human graders, highlighting their potential for scalability and
efficiency in educational assessment.

Adaptive Learning Systems:

Adaptive learning systems dynamically adjust the learning content based on individual student
performance and learning preferences. These systems use real-time data to create personalized
learning pathways, ensuring that each student progresses at their own pace. For example,
DreamBox Learning, an adaptive math program, has demonstrated significant improvements in
student achievement, with users gaining an average of 1.5 years of math skills in one academic
year (DreamBox Learning, 2020). Adaptive learning technologies can identify gaps in students'
knowledge and provide targeted interventions. This personalized approach not only enhances
learning outcomes but also fosters a deeper understanding of the subject matter. According to a
report by the Bill & Melinda Gates Foundation (2015), schools implementing adaptive learning
systems have seen an average increase of 10 percentile points in student performance.

The Synergistic Potential of Al and Human Intelligence:

The combination of Al and human intelligence in education creates a synergistic effect that
enhances the learning experience. Al technologies can handle repetitive and time-consuming
tasks, allowing educators to focus on more complex and creative aspects of teaching. For
instance, Al-driven administrative tools can automate attendance tracking, grade reporting, and
scheduling, reducing the administrative burden on teachers and giving them more time to engage
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with students (Luckin et al., 2016). Moreover, the integration of Al can support differentiated
instruction, enabling teachers to cater to diverse learning needs within a single classroom. By
providing data-driven insights, Al can help educators identify students' strengths and weaknesses,
allowing for more informed and effective teaching strategies.

In conclusion, the interrelationship and complementary roles of Al and human intelligence in
education present a transformative potential for creating more dynamic and effective learning
environments. Through the application of machine learning, NLP, and adaptive learning systems,
educators can enhance their teaching practices, personalize learning experiences, and ultimately
improve student outcomes. As the educational landscape continues to evolve, the strategic
integration of Al technologies will be crucial in shaping the future of education.

Future Prospects and Trends in Al Education:

The integration of artificial intelligence (Al) in education is poised to revolutionize the field,
offering numerous opportunities for enhanced learning experiences and administrative
efficiencies. This objective focuses on investigating current trends and future possibilities,
emphasizing the importance for educators, policymakers, and researchers to adapt and leverage
Al technologies.

Current Trends in Al Education:

e Personalized Learning Experiences Al-driven personalized learning systems can tailor
educational content to individual students' needs, learning styles, and progress. For
example, platforms like DreamBox and Knewton use adaptive learning technologies to
provide personalized math and science instruction, respectively. These platforms analyze
student performance in real-time and adjust the difficulty of problems and the sequence
of lessons accordingly (Das, Anowar, & Chakraborty, 2024). A study by EdTechXGlobal
projected that the market for Al in education will grow at a compound annual growth rate
(CAGR) of 45.12% from 2021 to 2025, underscoring the increasing adoption of such
technologies.

e Efficient Administrative Processes: Al can streamline administrative tasks, allowing
educators to focus more on teaching. Al tools can automate tasks such as grading,
scheduling, and responding to student inquiries. For example, Georgia State University
implemented an Al chatbot named Pounce to answer student questions, which resulted in
a 3.3% increase in freshman enrollment and a 21% reduction in summer melt (Das,
Anowar, & Das, 2024). The use of Al for administrative purposes is projected to save
educational institutions significant time and resources, potentially reducing
administrative costs by up to 20% by 2025.

e Enhanced Pedagogical Strategies: Al technologies are enabling the development of
innovative pedagogical strategies that can transform teaching methods. For instance, Al-
powered tools like intelligent tutoring systems and virtual teaching assistants can provide
immediate feedback and support to students, facilitating more interactive and engaging
learning experiences (Das, Anowar, & Ghosh, 2024). Al can also support data-driven
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decision-making in education, allowing educators to identify learning gaps and tailor
instruction to address specific needs.

Future Possibilities in Al Education

e Predictive Analytics for Student Success: Al can leverage predictive analytics to
identify at-risk students and provide targeted interventions. By analyzing data on student
behavior, performance, and engagement, Al systems can predict which students are likely
to struggle and recommend specific actions to improve their outcomes. This approach has
the potential to significantly reduce dropout rates and improve overall student success
(Das, Anowar, & Chakraborty, 2024). For example, the University of Arizona uses
predictive analytics to monitor student performance, resulting in a 7% increase in
retention rates.

e Al-Driven Content Creation and Curation: Al can assist in creating and curating
educational content that is both high-quality and aligned with curriculum standards. Al
algorithms can generate practice exercises, quizzes, and even entire lesson plans based on
the latest educational research and data from student performance (Das, Anowar, & Das,
2024). This capability not only saves time for educators but also ensures that the content
is tailored to meet the diverse needs of students.

e Global and Inclusive Education: Al has the potential to democratize education by
providing access to quality learning resources for students worldwide, regardless of their
geographic location or socio-economic status. Al-powered language translation and
speech recognition technologies can break down language barriers, making education
more inclusive (Das, Anowar, & Ghosh, 2024). For example, Microsoft's Al for
Accessibility initiative uses Al to develop tools that help students with disabilities learn
more effectively, highlighting the potential of Al to create more equitable educational
opportunities.

The integration of Al in education offers transformative potential, encompassing
personalized learning, efficient administrative processes, and innovative pedagogical
strategies. By adapting to and leveraging these technologies, educators, policymakers, and
researchers can foster a more dynamic and effective learning environment. The current
trends and future possibilities highlighted in this analysis underscore the importance of
embracing Al to enhance educational outcomes and ensure that students are prepared for
the demands of the future.

Conclusions:
v" The exploration of human and artificial intelligence reveals a profound potential for

synergy in educational settings, leveraging their distinct yet complementary strengths. Human
intelligence, characterized by adaptability, complex problem-solving, and emotional awareness,
can be effectively augmented by the data processing, automation, and learning capabilities of
artificial intelligence. This integration can enhance personalized learning, streamline
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administrative tasks, and improve overall educational outcomes. Al's ability to adapt and
optimize based on vast datasets complements the nuanced, context-sensitive nature of human
cognition, fostering more efficient, tailored educational experiences. However, this convergence
also necessitates careful ethical considerations to address privacy concerns, bias, and the impact
on employment. Ultimately, integrating Al into education holds the promise of creating more
dynamic, effective learning environments that better prepare students for the future, while also
demanding vigilant regulation and ethical oversight to ensure equitable benefits across society.

v The integration of Al in education enhances human cognitive processes and transforms
learning environments by leveraging machine learning, natural language processing (NLP), and
adaptive learning systems. Machine learning algorithms analyze educational data to predict
student outcomes and tailor teaching strategies, as demonstrated by Carnegie Learning's
MATHia, which significantly boosts math proficiency. NLP facilitates interactive learning
through Al-powered chatbots and automated essay scoring, enhancing student engagement and
freeing educators for personalized instruction. Adaptive learning systems like DreamBox
Learning personalize education, improving student achievement by dynamically adjusting
content based on individual performance. This synergistic combination of Al and human
intelligence allows educators to focus on complex, creative tasks while Al handles repetitive
administrative duties, ultimately leading to more effective, personalized teaching and improved
student outcomes. The strategic integration of Al is essential for the future of education, enabling
more dynamic and efficient learning experiences.

v' The convergence of human intelligence and artificial intelligence (Al) in educational
settings offers immense potential for creating more dynamic and effective learning environments.
Human intelligence, with its adaptability, complex problem-solving abilities, and emotional
awareness, can be significantly augmented by AI’s capabilities in data processing, automation,
and adaptive learning. Al-driven personalized learning systems, such as those utilized by
platforms like DreamBox and Knewton, tailor educational content to individual students' needs,
thereby enhancing learning experiences. Additionally, Al streamlines administrative processes,
as evidenced by the implementation of Al chatbots like Pounce at Georgia State University,
which improved enrollment rates and reduced administrative burdens. The integration of Al also
supports the development of innovative pedagogical strategies, such as intelligent tutoring
systems and virtual teaching assistants, facilitating interactive and engaging learning. Future
possibilities include leveraging predictive analytics to identify at-risk students and providing
targeted interventions, thereby reducing dropout rates and improving student success. Al’s
potential to democratize education by providing access to quality learning resources globally,
breaking down language barriers, and supporting students with disabilities underscores its
transformative potential. This synthesis of human and artificial intelligence in education not only
promises to enhance educational outcomes but also demands careful ethical considerations to
address issues of privacy, bias, and employment impact, ensuring that the benefits of Al are
equitably distributed across society.
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Findings:

The integration of artificial intelligence (Al) into education and skill development in India
presents significant opportunities for preparing the digital workforce of the future. Al can
enhance personalized learning through adaptive systems that tailor educational content to
individual needs, as seen in platforms like DreamBox, improving student outcomes and
engagement. Machine learning algorithms can predict student performance and identify at-risk
individuals, enabling timely interventions and reducing dropout rates. Al-powered tools, such as
chatbots, can streamline administrative tasks, thus allowing educators to focus on complex and
creative teaching strategies. These technologies also democratize education by providing access
to quality resources globally, supporting students with disabilities, and breaking down language
barriers. However, the integration of Al in education must be coupled with ethical considerations,
such as addressing privacy concerns, mitigating bias, and managing the impact on employment.
By strategically implementing Al, India can create a more dynamic, efficient, and inclusive
educational system, better equipping its workforce for the demands of the digital economy.
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Abstract:

Inland shrimp farming is a highly profitable business and growing industry in Purba Medinipur, West Bengal,
India, presenting various opportunities and challenges. The study evaluates environmental, economic, and social
uncertainties impacting shrimp farming practices. Key ecological factors include water quality, disease outbreaks,
and climate change, which pose significant risks to shrimp health and productivity. The usage of groundwater for
inland shrimp farming is responsible for changing water parameters in different inland areas of Purba Medinipur.
The hardness level in water is one of the important parameters responsible for the juvenile mortality of shrimp in
inland shrimp cultures. Economic uncertainties involve market price fluctuations, high initial investment costs,
and access to credit and subsidies. Social factors encompass labor availability, community acceptance, and
potential conflicts over land and water use. Findings highlight the critical need for adaptive management
strategies, improved disease control measures, and robust financial support systems to mitigate risks. Policy
recommendations emphasize sustainable practices, enhanced infrastructure, and community engagement to

._ensure the lona-term viabilitv and resilience of inland shrimo farmina in Purba Mediniour.
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Assessing the Uncertainties of Inland Shrimp Farming in Purba Medinipur: A Comprehensive Study

Introduction:
Purba Medinipur is traditionally famous for its rich agricultural productivity for many decades.

The major agricultural activity includes paddy cultivation as a primary occupation for local
people. However, a shift in land use pattern has been evident during the last few decades due to
the rapid extension of vannamei shrimp farming into the adjacent areas of the Bay of Bengal as
well as various inland areas of Purba Medinipur that are distant from the coastal belt. Vannamei
shrimp is commonly known as white shrimp which is so economically important in the
aquaculture field (Junda, 2018). Vannamei shrimp cultivation is performed under brackish water
conditions (Boyd et al., 2021). The coastal belt of the Bay of Bengal, including Purba Medinipur,
offers an ideal condition for vannamei shrimp farming due to its proximity towards the shore and
easy availability of brackish water. So many vannamei shrimp farms have been established along
the coast supporting the livelihood of local people. However, the intensification of vannamei
shrimp culture is increasing in various inland areas of the Purba Medinipur district. The
multifaceted impact of inlandification on agricultural and socio-economical status has been
evident during past few years. The paddy cultivation is severely affected by an increased level of
salinity in soil and water. The yield of crop production has been declining due to increased
salinity resulting economic instability among local people (Kumaran et al., 2017). Water quality
parameters can be one the major responsible factors for the failure of shrimp farming in these
inland areas of Purba Medinipur, West Bengal. Some common consequences of the failure of
vannamei shrimp farming in this region are loss of investment, reduced income and disrupted
livelihood of local people (Maiti et al., 2021).

Materials and method:
This research work aims to study and compare the frequency of inland vannamei shrimp

culture in three different areas of Purba Medinipur district. The study was performed based on
extensive field surveys and primary data that were collected from VVannamei shrimp farms. Some
statistical methods were used to analyze the collected data sets.

Study area:
We took three study areas for our research work. Three areas are significantly distinct and

distant from each other. Three geographical areas are near coastal areas, far from coastal areas
and too far from coastal areas. These three distinct locations will help to examine the impact of
water quality parameters and other constrains that are related to vannamei shrimp culture.

Site 1: This study site (Fig.1) is situated far from coastal area. It will help to study the
alternative source of water for inland vannamei shrimp culture. Additionally extensive study in
this area helped us to know the maintenance of optimum water quality parameters in shrimp
culture ponds. This study area comes under Contai | block of Purba Medinipur district of West
Bengal in India. Primary information was collected from many shrimp farms of Uttarkhasda
village (latitude 21°48°52.5"" N; longitude 87°40°52.5""E).
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LOCATION MAP OF STUDY SITES IN PURBA MEDINIPUR DISTRICT

THREE DIFFERENT LOCATIONS OF VANNAMEI SHRIMP FARMS

Figure 1. Three different locations of vannamei shrimp farms in Purba Medinipur of West
Bengal, India (Source: Google Earth).
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Site 2: The study site (Fig.1) is situated near coastal area. So, there is easy access to salt water,
which is a major challenge in the case of inland shrimp cultures. This study area comes under
Contai-1 block of Purba Medinipur district of West Bengal in India. Several villages near Soula
Sea Beach (latitude 21°40'48.00"N; longitude 87°43'38.00"E) have been extensively visited for
our research work.

Site 3: This area (Fig.1) is located so far from the coast line. It will help us to compare between
two inland shrimp cultures as well as to know the various challenges associated with inland
shrimp culture. This area comes under Chandipur block of Purba Medinipur of West Bengal in
India. Primary data were collected from several shrimp farms in Balabhadrapur village (latitude
22° 4'4.61"N; longitude 87°51'51.75"E).

Instrumentation:

Various water quality parameters were measured by applying different instrumentation and
methods. Salinity was measured by following the standard Strickland and Parsons Method,
dissolve ammonia was measured by Liddicoat method, nitrite was measured by Shinn method,
alkalinity that includes carbonate and bicarbonate ions was measured by Anderson and Robinson
method, total hardness was measured by EDTA method and pH was measured by using TOA
(WQC22A, Japan).

Result and Discussion:
Inlandification and its consequences:

The practice of cultivation of white shrimp named Litopenaeus vannamei in inland areas of
Purba Medinipur indicates the inlandification of vannamei shrimp culture in Purba Medinipur
district of West Bengal, India. In recent years, this shift from brackish water shrimp farming to
inland shrimp farming has been seen, and this trend is gaining so much popularity due to its high
profit-to-investment ratio. The rapid expansion of vannamei shrimp farming creates conflict in
land use patterns as the conversion of agricultural land or freshwater systems is essential for
inland shrimp farming. It is evident that this can disrupt the existing agricultural practices (Maiti
et al., 2021). The significant increase in inland shrimp farming can be easily seen by the
comparison between the 2000 and 2020 heat maps (Fig. 2) of the vannamei shrimp farming areas
of the Contai | block. This heat map comparison clearly indicates that the shrimp farming areas
have taken over the fertile agricultural lands as well as freshwater ponds during last two decades
(Maiti et al., 2021). There is a gradual increase in the vannamei shrimp culture in Study site-3,
which is too far from the coastal area. In 2013 there was no trace of any shrimp culture pond.
The change in land use pattern due to shrimp culture in those inland areas is clearly observed by
comparing different satellite images (Fig. 3).
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Figure 2. Comparison between 2000 and 2020 heat maps of shrimp culture areas of Contai-I block
(source: Maiti et al., 2021).

Figure 3. Comparison of study site-3 by satellite imagery at different time stamps
showing inlandification of shrimp culture.

Comparison between agricultural areas and shrimp farming areas shows a negative correlation,
indicating the increase of shrimp farming lands with decreasing agricultural land from 2000 to
2020. However, in between 2019 and 2020 there was almost no change of agricultural land due
to vannamei shrimp farming in Contai | block. A little decrease in inland shrimp culture was
evident during 2019-2020 due to low productivity of shrimp farms (Maiti et al., 2021).
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Figure 4. Negative co-relation between agricultural area and shrimp farming area of Contai |
block.
A significant amount of water is required for vannamei shrimp culture. So, competition for

freshwater can be seen between shrimp farmers and others agricultural farmers. As a huge amount
of ground water is used for shrimp farming in inland areas, scarcity of water is already a major
concern for local communities.

The comparison between annual shrimp yield per acre and shrimp farming areas during 2012-
2019 is showing the rapid increase of total shrimp farming area with the gradual decrease of
annual shrimp yield per acre. This indicates the increasing risk of vannamei shrimp farming in
inland areas and farmers are facing financial losses with increased shrimp farming areas.
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Figure 5. Comparison between shrimp farming area and annual shrimp yield in study site -1.

Water quality parameters:
The health, growth and overall success of shrimp farming directly depend on the water quality
parameters of shrimp culture ponds (Carbajal-Hernandez et al., 2013). There are several factors,
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such as pH, salinity, dissolved oxygen, Total Ammonia Nitrogen (TAN), hardness, alkalinity and
others, play a crucial role in shrimp farming. Water temperature is one the major important factors
responsible for better growth of white shrimp. Comparatively warmer water enhances the
metabolic activity of shrimp, improving digestion and nutrient absorption. However the
temperature below or above optimal range leads to cessation of growth and mortality. The white
shrimp can tolerate wide range of salinity as they are euryhaline in nature. They can tolerate 5 to
25 ppt of salinity range. The optimum salinity range (10-25 ppt) in culture ponds maintains the
osmotic balance and proper physiological functions in the shrimp. Extreme fluctuation of salinity
can disrupt the osmoregulation and increase the susceptibility towards disease (VVenkateswarlu,
2019). The optimal pH (7.5 to 8.5) range ensures the proper enzymatic activity of shrimp. The
pH values outside the optimum range cause reduces growth and nutrient absorption
(VVenkateswarlu, 2019). The sufficient dissolved oxygen is maintained by proper aeration in
shrimp culture ponds. The proper dissolved oxygen level (3.5 to 4 ppm) helps the white shrimp
to grow faster and maintain their health. Low dissolved oxygen can cause mass mortality of
shrimp in culture ponds due to hindrance in respiration (Maiti, 2018). High levels of ammonia
are toxic to shrimp health. So, the level of ammonia needs to be less than 0.1 ppm. Proper
management of wastewater and regular exchange of water help to maintain low concentrations
of ammonia in water. As hardness of water is one of the major water quality parameters
responsible for the growth of shrimp, it needs to be maintained carefully. The optimum range of
hardness in water is 1000-3000 ppm. However, the extremely high level of hardness in culture
ponds causes huge juvenile mortality at early stage of shrimp culture (VVenkateswarlu, 2019).
Several other water parameters like BOD, COD, total nitrite nitrogen, and sulphide also play
crucial roles in vannamei aquaculture in inland as well as coastal areas.

Table 1. Optimum water quality parameters for shrimp growth.

Water parameter | Optimum range
Salinity 10-25 ppt
pH 7.5-85
Dissolved Oxygen (DO) 3.5-4 ppm
Total nitrite nitrogen 1.0 ppm
Total ammonia < 1.0 ppm
Temperature 26-32 (°C)
Alkalinity 100-300 ppm
Total hardness 1000-3000 ppm
COs 0-40 ppm
HCOs 100-300 ppm

Vannamei shrimp culture in inland areas needs mixture of saline water and freshwater for
better growth of shrimp. Water quality parameters change with the composition of freshwater
and saline water. There is change in certain water parameters that can be measured while using
only freshwater or only saline water, or a mixture of both. To ensure the optimal growth of shrimp
it is very important to control these parameters. The salinity level of mix water varies depending
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upon the mixture of freshwater and saline water. The white shrimp, Litopenaeus vannamei can
tolerate wide range of salinity and can grow with freshwater treatment. But culture in freshwater
shows a significant hike of total hardness above optimum range. The normal range of harness is
about 1000-3000 ppm. During June to August in 2022, a culture using only freshwater has
showed the average hardness level of 6732 ppm. This abnormal level of hardness in water was
responsible for mass mortality of juveniles I shrimp culture ponds. The pH of the water in culture
pond depends upon the source of freshwater and saline water. However, throughout field
measurement of water parameters no abnormalities have been found related to pH level of water
in shrimp culture ponds. Several other parameters like alkalinity, ammonia and nitrate have found
within normal range in culture ponds.

The shrimp culture ponds in study site-1, which are far from coastline, have shown
extraordinarily high levels of total hardness in water. The water parameters of four consecutive
shrimp cultures were measured at different months. The measurement of water parameters was
taken several times during June to August in 2022. In this culture, only freshwater or ground
water was used to cultivate shrimp. All the measured parameters were normal except the level of
hardness in water. The second culture took place from October to December 2022, and this time
also, water parameters were also measured several times. In this culture, freshwater and saltwater
were mixed at 6:4 ratios to prepare culture ponds. Here hardness level was significantly lower
than previous culture but still it was far more than optimum range. In the third and fourth cultures,
which took place from January to March and April to May in 2023, freshwater and saltwater were
mixed at a 7:3 ratio. This time hardness is still higher than optimum range. Figure 6 and Figure
7 show the change in water quality parameters of the shrimp culture pond in study site-1 at
different ratios of freshwater and saltwater mix. Interestingly though last two cultures (shown in
Fig.6) had same ratio of mixed water, the hardness level was not same.

Change of hardness in water with type of water used for culture
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Figure 6. Change of hardness in water during 2022-23 with different mixed water and freshwater
in study site-1.
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Change of pH and salinity in water with type of water used for culture

18
w
E, 16
()]
£ 14
© 12
@®
2 10
£ g
E
z 6
K

0~ . N m salinity
e & < @ W
& X% x& x& 4
& & N N N
< & s 4 '
Q% & & ®
& ¢ & B
> & 3 2
& i < &
& & & ¥
& <& &
water used for four consequtive cultures

Figure 7. Change of pH and salinity in water during 2022-2023 with different mixed water and
freshwater in study site-1.

During 2022-23 all four consecutive cultures had shown an average hardness level which was
higher than optimum level. But the average of all other parameters in those cultures remained the
same within optimal range. Figure 8 has shown that among all the water quality parameters
hardness is the key parameter that is responsible for reduces growth and mortality of shrimp in
inlands.

As mentioned earlier, the usage of fresh water in culture ponds leads to an abnormal hike in
the hardness level of water. Other water parameters had shown variation with different times of
the year during different cultures. Figure 8 is explaining the change of water parameters during
different times of 2022-23. Among all culture seasons the first culture during June to August in
2022 was conducted using only freshwater for shrimp culture and rest of the cultures were
conducted using mixed water with different compositions of freshwater and salt water (Figure 6
and Figure 7). All the shown parameters in Fig.8 were measured multiple times for each culture
events and the average of all the measured parameters were finally included in every culture
seasons to interpret the measured parameters. The usage of different types of water as mentioned
previously (Figure 6 and Figure 7) and different seasons of the year determine the values of water
parameters. However, these parameters are not the same for every inland vannamei shrimp farm.
Study site-3, which is too far from the coastline, showed a normal level of hardness in the water
of the shrimp culture pond. All the other water parameters of study site-3 remained same as
optimal range of water parameters in vannamei shrimp culture ponds.
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Comparison of water quality parameters with average optimum
value in four consequtive shrimp culture process(2022-23)

- AR -
salinity(p| CO3 HCO3 |alkalinity|hardness
pH NH3 | NO2
pt) | (ppm) | (ppm) | (ppm) | (ppm)

—4=—Jun to Aug(2022) | 7.8 15 31 243 248 | 6732 0 0.04
== Oct to Dec(2022) | 8.1 15 33 248 246 | 4974 0 0.02
Janto Mar(2023) | 7.9 16 21 237 248 | 4483 0 0.04

e Apr to May(2023)| 8.04 17 28 224 272 | 4512 | 0.02 0.1
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Figure 8. Water quality parameters in four consecutive shrimp cultures of study site-1 during
2022-23.
During these four consecutive cultures in study site-1 the growth of shrimp varied with each

culture season. The total number of ponds we have studied is 15 in Study site 1. The average size
of each pond is approximately 1500 sg. ft. In each pond on an average 170000 white shrimp seeds
(Litopenaeus vannamei) were cultured at early stage. However, at the end of every culture season
very less number of mature shrimps were left in the pond. During June to August in 2022 on an
average 15000 shrimps were collected from each pond. So, there was mass mortality happened
at early stage of shrimp culture. In second culture season and third culture season (October-
December, 2022 and January to March, 2023) almost same amount of shrimp was collected from
each pond. In these two consecutive cultures the average number of shrimps collected from each
pond was between 50000 to 70000 out of 170000. However, in the last culture season, from April
to May 2023, a very small number of shrimp were found alive at the end of the culture. As
compared to previous two cultures fewer amounts of shrimps were collected from each pond.
The average number of shrimps collected from the last culture was between 20000 and 30000 in
each pond. Fig.9 is showing the mortality of shrimp seed in inland shrimp farms due to various
reasons such as water parameters and disease. The highest mortality was seen in the first culture
due to the exceptionally high level of hardness in the water.
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Average No. of seed cultured at early stage and average No. of shrimp
collected at the end of the culture (per 1500 sq.ft.)
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Figure 9. Average mortality of shrimp seeds during each culture season in study site-1.
There is a correlation between hardness in water and growth of the shrimp. Total 15 ponds

were studied in study site-1. In each shrimp culture season, the growth of the shrimp varied with
changing water parameters especially hardness of water. During April to May in 2023 the water
quality parameters and shrimp growth were measured several times. In this culture a significant
amount of shrimp growth had been seen in 7 out of 15 ponds. The average weight of each shrimp
in Pond No. 9, 10, 11, 12, 13, 14, 15 was in between 35 to 38 gm. However, rest of the ponds
showed poor growth. In Pond No. 1, 2, 3, 4, 5, 6, 7, 8 the average weight of each shrimp was 7
to 15 gm. There is a correlation that can be seen by observing Fig.10. The ponds having well-
grown shrimps are showing a low levels of hardness in water. In contrast, the ponds that show
poor growth of shrimp have high levels of hardness in water. The highest level of hardness was
measured at about 5031 ppm in Pond No. 2. The ponds having well-grown shrimps faced huge
juvenile mortality at an early stage of shrimp culture due to the high level of hardness in the
water. The juvenile mortality provided more space for remaining shrimps in those ponds and that
helped those shrimps to grow more.

Correlation between hardness of water and shrimp growth
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Figure 10. Correlation between hardness of water and shrimp growth during April to May in 2023.



Assessing the Uncertainties of Inland Shrimp Farming in Purba Medinipur: A Comprehensive Study

All the water quality parameters that are essential for shrimp culture have been measured in
three different study sites in locations different from the coastal areas of the Bay of Bengal. In all
three sites, on average, the water quality parameters are the same except for the hardness level in
the water. Unlike study site-2 and study site-3, study site-1, which is located far from coastal
areas, shows abnormal levels of hardness in shrimp culture ponds. The other two study sites (site-
2 and site-3) show the normal levels of hardness in shrimp culture ponds. Study sites 1 and 3 both
belong to the inland areas of Purba Medinipur and use groundwater for inland shrimp culture.
However, the hardness level is not the same for the shrimp culture ponds of these two areas due
to the usage of groundwater from different layers of soil. However, many other parameters, such
as dissolved ammonia (Fig.12) and salinity fluctuation, can be observed in some shrimp culture
ponds of study site 3. Fig.11 is showing the comparison of water quality parameters other than
hardness among three study sites. Several parameters in Fig.10 remain approximately the same
in the three study sites due to the usage of average values of all measured water parameters.
Although some water parameters were observed to be abnormal in some shrimp culture ponds.

Comparison of water quality parameters (other
than Hardness) among three different vannamei
shrimp culture areas
300 -~
250 A
200 -
g
@ 150 -
2
3
100
50 -
pH Salinity Cco3 HCO3 Alkalinity NH3
water parameters

Figure 11. Comparison of water quality parameters among three study sites.

Life as Basic Science: An Overview and Prospects for the Future Volume: 2 233



Assessing the Uncertainties of Inland Shrimp Farming in Purba Medinipur: A Comprehensive Study

Abnormal level of dissolve ammonia in
some shrimp culture ponds of study site-3

0.12 ~

B Study site-1
B Study site-2

culture sites
o
o
()]
1

0.04 1 Study site-3
0.02 - B Average optimum value
o . NN
NH3

Dissolve Ammonia(NHj;)

Figure 12. Comparison of dissolved ammonia in shrimp culture ponds among three study sites.

Socio-economic constrains:

The inland shrimp culture in various regions of Purba Medinipur has potential socio-economic
impact on local people. The vannamei shrimp culture demands high monetary investment to
achieve the infrastructures that are required for shrimp farming. Small-scale farmers may face
several challenges, such as financial problems and land acquisition problems. So, they generally
take the farm lands or shrimp farming ponds on lease. Sometimes, the farmers may have to face
a high investment-to-benefit ratio due to changes in water parameters, disease, and market
demand. To compensate for the loss, the farmer takes risks by doing shrimp culture again and
again. In inland shrimp farming there are more risk factors involved as compared to shrimp
farming near the coastal area. The water quality parameters change depending upon the change
of shrimp farming locations. It is very hard to control all those water parameters within optimum
level.

The conversion of agricultural lands into shrimp culture ponds leads to economic instability
among local people. The saline water infiltrates into nearby agricultural lands and makes those
lands infertile. The conflict between shrimp farmers and other agricultural farmers is increasing
with time due to the increase of inland farming. Farmers who solely depend on agriculture face
economic crises due to the failure of traditional agricultural farming. However, there is no way
to revert back to traditional agricultural practices or freshwater fish farming from vannamei
shrimp culture in inland areas of Purba Medinipur, West Bengal in India. So, the economic
uncertainties will be more prominent due to inland shrimp farming.
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Uncertainties:

Several uncertainties are associated with vannamei shrimp farming, such as changes in water
quality parameters, risk of high investment, disease outbreak, salinity infiltration and
irreversibility of shrimp culture. The water quality parameters vary depending on the location of
the shrimp farming area. The deviation from optimal range of water parameters causes reduced
shrimp growth and sometimes failure of shrimp culture. The high monetary investment as well
as infrastructural investment in shrimp farming makes shrimp farmers more prone to socio-
economically instable. Due to several reasons shrimp farmers cannot get the desirable return as
compared to the investment. So, they have to face huge economic losses. Disease is the common
parameter for white shrimp culture at any location. The common diseases in shrimp culture are
White spot disease, White faeces syndrome, slow growth, loose shell, Running mortality
syndrome (RMS), White tail disease (WTD), Taura syndrome etc. Taura syndrome which is
locally known as red viral disease is common in all three study sites. Mass mortality of shrimp is
caused by the increased prevalence of red viral disease in shrimp culture ponds. Salinity
infiltration into nearby agricultural fields converts agricultural area into barren land. If shrimp
culture fails, then there is no way to revert back to agriculture. Freshwater aquaculture has a low
margin on profit. Thus, the recovery of loss from vannnamei shrimp culture cannot be
compensated by freshwater aquaculture practices. This irreversible nature of inland shrimp
farming can be a matter of concern for small-scale farmers. There are many other uncertainties
associated with inland shrimp farming. From the field survey, the observed uncertainties are
shown in Figure 14.
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investment outbreak
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Figure 14. Uncertainties associated with

inland shrimp culture.

Figure 13. Red viral disease in white shrimp.
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Conclusion:
Inland shrimp farming in Purba Medinipur presents a promising avenue for economic growth

and employment. However, this comprehensive study reveals several uncertainties that must be
addressed to ensure sustainable development. Key uncertainties include environmental impacts,
water resource management, disease control, and socio-economic challenges. The environmental
implications, such as potential water contamination and habitat disruption, necessitate rigorous
monitoring and regulatory frameworks. Effective water management strategies are crucial to
balance agricultural needs and prevent resource depletion. Disease outbreaks pose a significant
threat to shrimp yields, underscoring the need for robust biosecurity measures and ongoing
research into disease-resistant shrimp varieties. Socioeconomic factors, including market
fluctuations and the financial viability of small-scale farmers, further complicate the industry's
stability. Supportive policies, access to credit, and market integration are essential to mitigate
these risks. Additionally, community engagement and education can empower local farmers with
the knowledge and tools needed to adapt to evolving challenges.

Overall, while inland shrimp farming in Purba Medinipur holds substantial potential, a multi-
faceted approach that incorporates environmental sustainability, economic resilience, and social
inclusivity is critical. By addressing these uncertainties through collaborative efforts among
stakeholders, policymakers and researchers, the region can harness the benefits of shrimp farming
while safeguarding its ecological and socio-economic fabric.
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