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Rapid composting units to be set up across state
- CM Dr. Pramod Sawant
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Editorial ...

Science is a dynamic and exciting field because it is constantly evolving. Unlike a fixed body
of knowledge, science grows through continuous research, observation, experimentation, and
innovation. Every discovery helps answer existing questions but also raises new ones, leading
scientists toward deeper understanding and fresh areas of investigation. Research and development
are the driving forces behind this progress. As scientists develop new instruments and techniques,
they gain the ability to explore nature in greater detail, from the smallest particles inside atoms to
the vast structures of the universe. Many breakthroughs also reveal unexpected connections between
different fields of study, creating entirely new branches of science and technology. The history of
science shows that each advancement opens new dimensions of knowledge. Discoveries in physics,
biology, medicine, and astronomy have repeatedly transformed our understanding of the world.
Because scientific knowledge is continually tested and refined in light of new evidence, science
remains a vibrant and ever-expanding journey of exploration and discovery. Let us discuss exciting
observations which have been published recently.

From Atomic Clocks to Nuclear Clocks: A New Revolution in Timekeeping

Time is such a familiar part of our daily lives that we rarely realize how much science lies
behind its precise measurement. Today, we can determine our location within a few meters using
GPS on our mobile phones, synchronize computers around the world through the internet, and
communicate with spacecraft in deep space. At the heart of all these technologies lies one thing—
extremely precise timekeeping. Humanity’s journey of measuring time began with sundials. Later
came hourglasses, water clocks, pendulum clocks, and mechanical clocks. In the twentieth century,
the invention of atomic clocks brought about an unprecedented revolution in timekeeping. Now,
however, scientists have taken another major leap in this field. In June 2026, the world’s first
functional nuclear clock was demonstrated. According to many scientists, this development may
prove to be as significant as the invention of the atomic clock itself.

How Do Atomic Clocks Work? In every atom, electrons occupy specific energy levels around
the atomic nucleus. When an electron moves from one energy level to another, it absorbs or emits
electromagnetic radiation of a specific frequency. This frequency is extremely stable. The
international standard for measuring time is based on the atom cesium-133. A specific transition in
the cesium atom has a frequency of 9,192,631,770 oscillations. By counting these oscillations, one
second is defined. Atomic clocks are so precise that they may lose or gain less than a second over
many millions of years. GPS satellites, telecommunications systems, financial transactions, scientific
experiments, and space exploration all depend critically on atomic clocks. But scientists want to be
more and more accurate!

Why Is There a Need for Even More Accurate Clocks?: Although atomic clocks are
extraordinarily precise, they are not completely free from limitations. The electrons in an atom are
relatively far from the nucleus. As a result, they can be influenced by external electric fields,
magnetic fields, temperature variations, and other environmental factors. Although these effects are
extremely small, they become important in today’s highest-precision experiments. For example,
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studying tiny variations in Earth’s gravitational field, possible changes in fundamental constants, or
the effects of dark matter requires clocks of even greater accuracy. The next automatic choice for
this is nuclear clock!

The Concept of a Nuclear Clock: Atomic clocks are based on electronic transitions. A nuclear
clock, in contrast, uses energy transitions within the atomic nucleus itself. The nucleus consists of
protons and neutrons. It is thousands of times smaller than the surrounding electron cloud and is
much better shielded from external disturbances. Consequently, effects caused by electric or
magnetic fields are greatly reduced. For decades, physicists have believed that clocks based on
nuclear transitions could be even more stable and accurate than atomic clocks. However, finding a
suitable nucleus for such a clock proved to be extremely challenging.

Thorium-229: A Unique Nucleus: At the center of this research is the isotope thorium-229. In
most nuclei, energy transitions involve such high energies that they are extremely difficult to control.
Thorium-229, however, possesses a unique low-energy nuclear state. This state can be investigated
using laser technology. After many years of research, scientists succeeded in determining the energy
of this transition with remarkable precision. This achievement opened the path toward building a
practical nuclear clock.

A Historic Achievement in June 2026: In June 2026, researchers successfully demonstrated
the first functional nuclear clock. This moment is being regarded as a major milestone in the history
of timekeeping. The clock utilizes a specific transition within the thorium-229 nucleus. Using
advanced laser systems, researchers were able to control and measure the frequency associated with
this transition. The experiment demonstrated that the concept of a nuclear clock is not merely
theoretical but can be implemented in practice. Its accuracy is expected to improve substantially in
the coming years.

A Revolution in GPS Technology: The accuracy of today’s GPS system depends heavily on
atomic clocks carried aboard satellites. Because the speed of light is extremely high, even tiny
timing errors can translate into positional errors of several meters. If nuclear clocks prove to be
more stable than atomic clocks, the accuracy of GPS systems could improve significantly. In the
future, autonomous vehicles, precision agriculture, drone technologies, and geodetic surveying may
all benefit from this advancement.

A New Tool for Measuring Earth’s Gravitational Field: According to Einstein’s theory of
general relativity, time passes more slowly in stronger gravitational fields. Although this effect is
extremely small, modern atomic clocks are capable of measuring it. Nuclear clocks may be even
more sensitive. As a result, they could detect very small differences in elevation, changes in
groundwater reserves, or variations in the distribution of mass beneath Earth’s surface. In the future,
these clocks may become powerful tools in geology, climate science, and the study of natural
resources.

Searching for Dark Matter: Most of the matter in the universe is invisible to us. Astronomical
observations suggest the existence of dark matter, yet its nature remains unknown. Some theories
propose that dark matter could induce extremely small changes in the values of fundamental
constants. Nuclear clocks may become sufficiently precise to detect such subtle variations. This
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capability could provide a new avenue for investigating one of the greatest mysteries in modern
science.

Searching for a Fifth Fundamental Force:: Modern physics recognizes four fundamental
forces: gravity, electromagnetism, the weak nuclear force, and the strong nuclear force. Some
researchers believe that the possibility of an additional, unknown fundamental force cannot be ruled
out. If such a force exists, it might produce extremely subtle changes in nuclear energy levels.
Nuclear clocks could potentially detect such effects in the future. Thus, they may become not only
instruments for measuring time but also laboratories for probing the foundations of physics.

Looking Toward the Future: The journey from pendulum clocks to atomic clocks reflects
humanity’s scientific progress. With the advent of nuclear clocks, a new chapter in that journey has
begun. Today, these clocks remain confined largely to research laboratories. However, just as atomic
clocks eventually became indispensable components of modern technology, nuclear clocks may one
day become integral to numerous systems. Their impact is likely to be felt in GPS, space exploration,
geology, fundamental physics, and the quest to understand the universe. This new instrument for
measuring time is not merely a more accurate clock. It is a gateway to a deeper understanding of the
universe itself.

“I am using nuclear clock” could be the new proverb of tomorrow.
- Sharad Kale

sharadkale @ gmail.com
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From Lead Shields to Bio-Inspired
Radiation Protection: A Continuing
Scientific Journey

According to the Mahabharata, Karna was
born with the divine gift of Kavacha (armor) and
Kundalas (earrings). Exactly what material these
armor and earrings were made of, however,
remains a mystery, as the epic keeps that secret
concealed. What is described is that these divine
protections were so powerful that no weapon or
celestial missile could harm Karna while he
possessed them. Most readers are familiar with
the later episode in the Mahabharata war in
which Indra had to approach Karna in the guise
of a supplicant and obtain the Kavacha and
Kundalas from him. Only after Karna had parted
with them could Arjuna eventually slay him. This
story itself demonstrates how ancient the concept
of protective armor is. Armor played an
extremely important role in medieval warfare as
well. Through historical and mythological films,
we have seen many kings and warriors going into
battle clad in protective armor. Historical
describe how Chhatrapati Shivaji
Maharaj wore armor and a protective helmet

accounts

(jiretop) when he went to meet Afzal Khan.
Interestingly, similar kinds of protective armor
are required even in modern medical practice.
The story that follows is, in a sense, the tale of
those contemporary suits of armor.
® Ancient warriors wore armor to stop
arrows, swords, and spears.

Radiation safety, lead aprons
and newer research ideas

Sharad Kale

e Medieval knights wore steel plate armor

to resist increasingly powerful weapons.

@ Modern healthcare workers wear lead or

composite aprons to reduce exposure to
invisible radiation.

In all three cases, the engineering challenge
is  similar:
minimizing weight and preserving mobility. The
transition from chain mail to plate armor, and
today from lead aprons to lightweight bio-
inspired composites, reflects the same continuing
quest for better protective technology.

maximize protection  while

Historical Episodes

1. The Clarence Dally Episode: The first
widely recognized fatality linked to occupational
X-ray exposure. Assistant to Thomas Alva
Edison, Clarence Dally developed
radiation burns and cancer. He died in 1904. This

severe

is often cited as the event that awakened the
scientific community to radiation hazards.

2. The Radium Dial Painters: The tragedy
of the United States Radium Corporation
workers (“Radium Girls”) demonstrated the
dangers of internal radioactive contamination
and eventually helped establish occupational
radiation safety standards.

3. Manhattan Project and Nuclear
Era: The development of nuclear technology
during the Manhattan Project
understanding of radiation dosimetry, shielding
design, and occupational exposure limits.

accelerated
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4. Space Exploration: The radiation
problem reappeared in a new setting when
humans ventured beyond Earth’s protective
atmosphere. Space agencies now investigate
lightweight shielding materials because every

kilogram launched into space is expensive.

Introduction

When Wilhelm Conrad Rontgen discovered
X-rays in the year 1895, the scientific world was
captivated by the possibility of seeing inside the
human body without surgery. Within months,
physicians and researchers across Europe and
with  the
mysterious new rays. The excitement was so

America were experimenting
great that safety considerations received little
The consequences
apparent. Early radiologists often worked with
unshielded X-ray tubes and repeatedly exposed
their hands to
equipment. Many developed severe skin burns,
chronic ulcers, cataracts, and, in some cases,
cancers. Among the best-known victims was the
American inventor and X-ray pioneer Clarence
Dally, assistant to Thomas Edison, who died in
the year 1904 from radiation-induced cancer
after years of exposure. His death profoundly
affected Edison, who reportedly abandoned
much of his X-ray research thereafter.

These painful lessons led scientists to search
for materials capable of reducing radiation
exposure. Experimental observations quickly

attention. soon became

radiation while adjusting

revealed that dense materials such as lead
attenuated X-rays far more effectively than
wood, cloth, or ordinary metals. As the emerging
science of atomic physics matured, researchers
understood why: lead combines a high atomic
with high density,
exceptional ability to absorb and scatter X-rays
and gamma rays.

For more than a century, lead aprons became
an iconic symbol of radiation protection in

number giving it an

hospitals, research laboratories, and industrial
facilities. Yet the modern era has exposed an
interesting paradox. While lead remains an
excellent shield against many forms of radiation,
the aprons themselves are heavy and may
contribute to chronic neck, shoulder, and spinal
disorders among
Furthermore, highly energetic photons used in

healthcare workers.
modern nuclear medicine and PET imaging can
penetrate conventional lead aprons more easily
than the lower-energy X-rays encountered by
earlier generations of radiologists.

Medical imaging has become one of the most
rapidly expanding applications of ionizing
radiation. Conventional radiography, computed
tomography (CT), fluoroscopy, mammography,

interventional radiology, nuclear medicine,
SPECT, and PET imaging now play
indispensable roles in modern healthcare.

Millions  of
procedures are performed annually across the

diagnostic and therapeutic
world, allowing earlier disease detection, more
precise treatment planning, and improved patient
outcomes. As the use of these technologies
continues to grow, so does the number of
healthcare professionals who routinely work in
radiation environments. This expanding reliance
on radiation-based medicine has created a
parallel need for protective systems that are not
only effective but also lightweight, comfortable,
sustainable, and practical for long-term daily use.
The challenge facing researchers today is
therefore not merely to provide shielding, but to
develop protection that can be seamlessly
integrated into increasingly demanding clinical
workflows without imposing significant physical
burdens on healthcare workers.

The

protective materials is increasingly drawing

search for such next-generation

inspiration from unexpected sources. Advances
in computational materials science, artificial
biomimetic and

intelligence, engineering,
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radiation biology are encouraging researchers to
look beyond traditional heavy-metal shielding
and explore whether lessons from nature itself
can contribute to safer and more ergonomic
radiation-protection technologies.

These challenges have prompted researchers
to ask a fascinating question:
radiation-protection

can future
systems be designed
differently? Instead of relying exclusively on
heavy metals, might composite
materials, biological artificial
intelligence, and lessons from radiation-resistant
organisms help create lighter, smarter, and more
effective protective equipment?

Radiation Protection Is an Optimization
Problem: Many
protection as simply “blocking radiation.” In
reality, modern radiation safety seeks to optimize
multiple factors simultaneously:

e Radiation attenuation

® Weight

e Flexibility

@ Worker comfort

e Toxicity

o Cost

e Environmental sustainability

@ Manufacturability

The search for answers is taking scientists
from hospital radiology departments to the
genomes of extraordinary microorganisms, from
the forests that produce lignin to the shells of
crustaceans that contain chitin, and even to the

advanced
molecules,

readers imagine radiation

radiation-rich environment of deep space. The
story of radiation shielding is therefore not
merely a story about lead; it is an evolving
scientific journey that continues to connect
physics, biology, materials science, medicine,
and engineering.

Use of lead apron in a nuclear medicine
laboratory: A lead apron is used in a nuclear
medicine laboratory to reduce radiation exposure
to staff and visitors, but its usefulness depends

strongly on the type and energy of radiation
involved. Lead is a dense material with a high
atomic number, making it effective at absorbing
or attenuating X-rays and many gamma rays. In
nuclear medicine, workers may be exposed to
radiation emitted from radioactive materials used
for diagnosis and therapy. A lead apron can:

@ Reduce exposure to scattered radiation.

e Provide protection during handling of
certain radionuclides.

e Lower the
radiation dose received by staff.

e Serve as an additional safety measure
alongside time, distance, and shielding
principles.

Important limitation: Not
medicine radiation is effectively stopped by a
lead apron

The effectiveness of a lead apron depends on
the energy of the photons.

cumulative occupational

all nuclear

Radionuclide Main Radiation Lead Apron
Effectiveness

Technetium-99m 140 keV Moderate
gamma rays.

Todine-131 364 keV Limited
gamma rays

Fluorine-18 511 keV Poor
annihilation
photons.

For PET radionuclides such as Fluorine-18, a
standard 0.5-mm lead apron provides only a
small reduction in dose because the gamma rays
are highly penetrating. In these situations,
increasing distance from the source is usually
more effective than wearing a lead apron.

Limitations of Lead Aprons in Protecting
Against Surface Beta Radiation Exposure: For
strong beta emitters, placing lead directly next to
the source can generate bremsstrahlung (braking
radiation), which may actually increase photon
Therefore,
materials such as acrylic or plastic are often used

exposure. low-atomic-number
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first to shield beta particles. The most important
radiation protection principles
medicine radiation workers primarily rely on:

in nuclear

Time — Minimize time spent near radioactive
sources.

Distance — Maximize distance from the
source.

Shielding — Use appropriate shielding (lead,
tungsten, acrylic, concrete, etc.).

Of these three, distance is often the most
effective protection method in nuclear medicine,
especially for PET facilities.In many nuclear
medicine departments, personnel handling: Tc-
99m doses may use lead syringe shields and
sometimes lead aprons. PET radiopharmaceu-
ticals such as Fluorine-18 are usually handled
with tungsten syringe shields, L-block shields,
and remote handling techniques rather than
relying on lead aprons. Lead aprons are used in
nuclear medicine laboratories to reduce external
exposure from X-rays and gamma radiation, but
they provide only limited protection against the
high-energy photons commonly encountered in
PET imaging. Consequently, modern nuclear
medicine radiation protection relies much more
on time minimization, distance, and appropriate
shielding devices than on lead aprons alone.

Problems associated with heavy lead
aprons: Prolonged use of heavy lead aprons has
been associated with increased musculoskeletal
strain, raising concerns about their impact on the
skeletal
workers.The weight of lead aprons is a well-

health of occupationally exposed

recognized  occupational health  concern,
especially  for radiology, interventional
cardiology, electrophysiology, and nuclear

medicine personnel who wear them for many
hours each day.
A typical lead apron can weigh:
e 3-7 kg for standard aprons.
e Up to 10 kg or more for higher-equivalent
lead protection or two-piece designs.

Effects on the musculoskeletal
system: Studies have shown increased rates of:

@ Chronic neck pain

e Lower back pain

e Shoulder pain

e Cervical disc degeneration

@ Lumbar spine disorders

e Fatigue and postural strain

The problem becomes more pronounced
when workers:

e Stand for prolonged periods.

e Frequently lean over patients.

e Rotate their trunk while wearing the

apron.

@ Wear the apron for several hours daily

over many years.

Several studies of interventional radiologists
and cardiologists have reported significantly
higher rates of spinal problems compared with
the general population. Nuclear medicine is
somewhat different
modern nuclear medicine departments, staff
wear lead aprons less frequently than workers in
For PET
technologists handling Fluorine-18 often rely
more on distance, automated dispensing systems,
tungsten shields, shielded
workstations. Nuclear medicine physicians
interpreting scans generally do not wear lead
aprons routinely.

Interestingly, in many

fluoroscopy  suites. example:

syringe and

Personnel involved in hybrid imaging
systems such as SPECT/CT or PET/CT may
require protective garments when working near
CT or fluoroscopic equipment.

How the problem is addressed?

Modern departments use several strategies:

@ Two-piece aprons (vest and skirt): These

distribute weight between shoulders and
hips.

e Lead-free or lightweight
aprons: These can reduce weight by 20—
40%.

composite
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e Ceiling-suspended protective
The shield is supported mechanically
rather than by the worker’s body.

@ Mobile shield barriers: Staff stand behind
leaded screens instead of wearing heavy
protection.

@ Ergonomic training and work rotation:
Reduces cumulative strain.

An interesting but disturbing paradox:
Radiation protection experts often point out that
for high-energy PET photons (511 keV), a lead
apron may provide relatively little shielding
benefit still imposing a
orthopedic burden. Consequently, some modern
radiation-safety programs emphasize distance
and engineered shielding rather than simply
adding heavier aprons. In other words, there can
be situations
significant musculoskeletal load for only a
modest reduction in radiation dose. This is why

systems:

while substantial

where a worker accepts a

radiation protection today is increasingly focused
on optimizing the entire work environment rather
than relying solely on personal protective
garments. So your concern is scientifically well
founded: the chronic orthopedic risk from heavy
lead aprons is a genuine occupational hazard,
and in some settings it may become as important
a workplace health issue as the radiation
exposure the apron is intended to reduce.
Naturally radio resistant bacteria : It is
known that Dinococcus radiodurans is highly
resistant to radiation. It is known to produce
certain proteins which are offering this resistant.
The question comes in the mind, can we design
something like that artificially and incorporate in
ordinary apron to make it more resistant? It must
that
resistance  of

be noted the extraordinary radiation
the

radiodurans is not primarily due to a single

bacterium Deinococcus

protein that blocks radiation, nor does the
organism possess a biological equivalent of a
lead shield. Instead, its resistance comes from a

combination of mechanisms that repair the DNA
damage after radiation exposure and protect vital
cellular components during irradiation.

Why is
radiation-resistant?

Deinococcus radiodurans so
This bacterium can survive doses of ionizing
radiation thousands of times higher than those
lethal to humans. Research suggests several
contributing factors:
e Extremely efficient DNA repair systems

e Radiation breaks DNA into many
fragments.

® Deinococcus can accurately reassemble
its genome.

e Protection of proteins from oxidation

e Radiation generates
species (ROS).

e The bacterium accumulates manganese-
based complexes that protect proteins
from oxidative damage.

reactive oxygen

e Multiple genome copies

e Several copies of the chromosome
provide templates for repair.

e Special protective proteins

e Proteins such as Dsup-like protective

radiation-tolerant

systems in  other

organisms and various Deinococcus
repair proteins contribute to survival, but
they do not “absorb” radiation the way
lead does.

Could such biology be incorporated into
an apron?: For
protection apron, the honest answer is essentially
no. The reason is fundamental physics: A lead
apron works by attenuating incoming photons
(X-rays and gamma rays) before they enter the
body. Biological molecules and proteins are
made mostly of light elements:

@ Carbon

a conventional radiation-

e Hydrogen
e Oxygen
e Nitrogen
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These elements are poor absorbers of high-
energy gammarays. Even a thick layer of proteins
would provide very little shielding compared with
a thin layer of lead, tungsten, or bismuth.
However, one can think of a different approach
with respect to radioprotective materials. The idea
becomes more interesting if we change the goal
post from shielding radiation to reducing radiation
damage. Researchers are exploring:

e Antioxidant coatings

@ Melanin-based materials

@ Synthetic manganese complexes inspired

by Deinococcus

e DNA-protective compounds

e Self-healing polymers

For example, some fungi found near the site
of the Chernobyl disaster contain large amounts
of melanin and appear unusually tolerant of
radiation. Melanin-based materials are being
investigated as lightweight radioprotective
materials. Some more ideas in this field include

e Tardigrade DNA-protective

proteins.

and its

® Deinococcus radiodurans and
manganese-based protection.

@ Radiotrophic fungi from the Chernobyl
region that contain large amounts of
melanin.

These organisms do not stop radiation; they
survive it.
important.

A Comparison with Evolution of Body
Armour

An interesting analogy:

Medieval armour ’! heavy steel.

Modern armour ’! Kevlar composites.

Early radiation shielding ’! lead.

Future radiation shielding ’! multifunctional
composites.

A futuristic possibility

One could imagine a multilayer protective
garment consisting of:

That distinction 1is scientifically

e® An outer layer of tungsten, bismuth, or
another high-atomic-number material to
attenuate photons.
e An inner layer containing antioxidants or
biomimetic compounds inspired by
Deinococcus.
e Smart materials that neutralize radiation-
induced free radicals reaching the skin.
Such a garment would not stop radiation the
way lead does, but it might reduce biological
damage from any radiation that penetrates the
shield. A new concept of “radiation resilience”
Versus to be
discussed actively. Lead belongs to the first
paradigm of shielding; Deinococcus, melanin,

“radiation shielding” needs

antioxidants, and DNA-repair systems belong to
the second paradigm of resilience. The future
may involve combining both approaches in a
single integrated protection strategy. This
conceptual distinction provides a memorable
theme that can tie the entire article together.

The bigger challenge

For
imaging, the problem is not merely biology but
photon energy. The 511 keV photons emitted
after positron annihilation are highly penetrating.
To stop them effectively, one needs dense, high-
atomic-number materials. No known protein or
biological tissue can compete with tungsten or
lead on a per-unit-thickness basis because the
interaction probability of gamma rays depends
largely on atomic physics rather than biological

nuclear medicine, especially PET

function. So, the novel idea of a radio resistant
apron of biological origin is scientifically
insightful, but the likely future is not a
“Deinococcus apron” that blocks radiation.
Rather, it would be a bio-inspired radioprotective
garment that combines conventional shielding
with materials the biological
consequences of radiation exposure. That is an
active area of research in radiation biology, space
medicine, and advanced protective materials.

that reduce
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Lead was not chosen merely because it was
known to be “radiation resistant.” Its adoption
was based on well-understood physical
principles and practical considerations. When
X-rays were discovered by Wilhelm Conrad
Rontgen in 1895, researchers quickly noticed
that some materials attenuated X-rays much
more effectively than others. Lead emerged as a
preferred shielding material because it combines
several advantages:

e High atomic number (Z = 82), which
greatly increases interaction with X-rays
and gamma rays.

e High density (11.34 g/cm3), meaning
many atoms are packed into a small
volume.

e Relatively inexpensive and widely

available.
@ Malleable, allowing it to be incorporated

into flexible garments.

@ Chemically stable under normal
conditions.
The choice was therefore driven by

experimental measurements and atomic physics
rather than impulse, tradition or convenience.

Could biological materials be explored
computationally?

This is a distinct possibility. In fact, this is
exactly how many modern shielding materials
are developed. Researchers routinely use Monte
Carlo radiation-transport codes such as:

e GEANTH4

e MCNP

e FLUKA

These programs simulate millions or billions
of photons passing through different materials
and calculate attenuation, scattering, secondary
radiation production, and absorbed dose.

What would simulations likely show for
lignin and chitin?

Lignin and chitin are fascinating candidates

because they are abundant, lightweight, and
renewable.

Chitin is found in:

@ Crab shells

e Shrimp shells

@ Insect exoskeletons

Lignin is found in:

e Wood

e Plant cell walls

However, both are composed primarily of:

e Carbon

e Hydrogen

e Oxygen

e Nitrogen

These elements have relatively low atomic
numbers. For X-rays and gamma rays,
attenuation roughly increases with atomic

number and density. Therefore, simulations
would almost certainly show that pure lignin or
pure chitin performs much worse than lead or
tungsten for direct photon shielding. But the
story does not end there. Computer simulations
might reveal other useful properties:

1. Composite materials: A chitin or lignin
matrix could carry nanoparticles of:

e Bismuth

e Tungsten

e Barium sulfate

Such composites might:

@ Weigh less than lead aprons

e Be more flexible

@ Be less toxic

e Maintain reasonable shielding performance

Many research groups are already exploring
similar concepts.

2. Neutron shielding: For neutron radiation,
hydrogen-rich materials often outperform lead.
Because chitin and lignin contain significant
hydrogen, simulations might show advantages
in:

® Nuclear reactors

® Space missions
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e Particle accelerator environments

3. Biological protection: A material may not
stop radiation efficiently but could:

@ Scavenge free radicals

@ Reduce oxidative damage

e Improve comfort and wearability

These are different but important forms of
protection.

An especially interesting space-medicine
angle: One of the most promising biological
shielding candidates is not lignin or chitin but
melanin, the pigment found in many organisms.
Studies have investigated melanin-rich fungi
discovered in the vicinity of the Chernobyl
disaster. Researchers have even considered
melanin-containing materials for
shielding because every kilogram launched into
space is expensive.

Could AI help?

This
particularly modern.

An Al-guided workflow could:

1. Generate millions of candidate composite

spacecraft

is where the novel idea becomes

materials.
2. Simulate radiation transport through them.
3. Optimize simultaneously for:
e Weight
e Flexibility
e Cost
e Toxicity
e Shielding effectiveness
e Identify promising bio-inspired materials
for laboratory testing.
This approach is already transforming battery
design, drug discovery, and materials science.
The deeper question: The
challenges a long-standing assumption: must
radiation protection rely solely on dense metals?
For pure attenuation of high-energy gamma rays,
physics high-
atomic-number the

question

strongly favors high-density,

elements. However, if

objective expands to include:

comfort,

sustainability,

reduced orthopedic injury,

biological protection,

e and manufacturability,

then bio-inspired composites become very

attractive. So while a simulation is unlikely to
that pure
outperforms lead, it could very well identify
novel hybrid materials that offer a much better
overall balance between protection, weight,
ergonomics, and environmental impact than

discover lignin or pure chitin

traditional lead aprons. That is a scientifically
worthwhile research direction.

Conclusion

The history of radiation protection illustrates
how scientific progress often begins with a
simple solution and gradually evolves into a
the
problem. Lead became the standard shielding
material not through tradition or accident, but
because the laws of atomic physics strongly
favor dense, high-atomic-number elements for
attenuating X-rays and gamma rays. Yet the

more sophisticated understanding of

demands of modern medicine are changing.
Nuclear medicine, PET imaging, interventional
radiology, and long-duration space missions
increasingly require protective systems that are

not only effective but also lightweight,
ergonomic, environmentally responsible, and
biologically compatible. The growing

recognition of musculoskeletal injuries caused

by heavy protective garments has further
highlighted the need for innovation.

Nature may not provide a direct substitute
for lead. Radiation-resistant organisms such as
Deinococcus radiodurans, melanin-rich fungi,
and tardigrades do not shield themselves by
absorbing radiation; instead, they survive by
preventing or repairing the damage it causes.

Nevertheless, these organisms offer valuable
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biological insights that may inspire future
generations of radioprotective materials.

The most promising path forward is therefore
unlikely to be a purely metallic shield or a purely
biological one. Rather, it will probably involve
intelligent combinations of physics, biology,
materials science, and artificial intelligence.
Computer simulations can already evaluate
millions of candidate materials, while machine-
learning novel
composites that balance shielding performance,
weight, flexibility, durability, and cost. A century
ago, the challenge was simply to discover a
material capable of reducing radiation exposure.

algorithms can identify

Today, the challenge is far more ambitious: to
design protective systems that not only block
radiation efficiently but also protect the health,
comfort, and long-term well-being of the people
who use them. The lead apron, once a symbol of
technological progress, may eventually become
the starting point for a new generation of bio-
inspired radiation protection technologies.
Inabroader philosophical sense, the search for
better radiation protection echoes
humanity’s oldest aspirations: the desire for a
“perfect shield.” In the Mahabharata, Karna’s
legendary Kavacha and Kundalas were portrayed

one of

HUTEH : 915 WiSeh, H.UI. I9UTS
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as divine protections that rendered him nearly
invulnerable to harm. Although modern science
does not seek mythical armor, it pursues a
remarkably similar goal—to create protective
systems that can safeguard the human body against
invisible and potentially damaging forces. Lead
aprons represented the first practical “kavacha” of
the atomic age, relying on the principles of physics
to intercept radiation before it could reach living
tissues. The emerging generation of bio-inspired
materials, intelligent composites, and Al-designed
shielding technologies may be viewed as the next
chapter in this continuing quest. Just as Karna’s
armor symbolized the highest level of protection
imagined in literature,
radioprotective systems may combine the wisdom

ancient future
of nature with the precision of modern science to
provide protection that is lighter, smarter, more
adaptable, and more effective than ever before.
The journey from lead shields to biologically
inspired radiation protection thus reflects not only
a technological evolution but also a timeless
human ambition—the pursuit of an ever-better
kavacha against the unseen dangers of our world
and beyond.

- Sharad Kale

sharadkale @ gmail.com
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Introduction:

A radioisotope is an unstable form of a
chemical element, because its nucleus has an
unbalanced number of protons and neutrons or
excess energy it wants to get rid of, it undergoes
radioactive decay, spontaneously
radiation as it transforms into a more stable

emitting

element. Radioisotopes can be categorized by
their origin i) Natural: Found in nature (e.g.,
carbon-14, uranium-235) and ii) Artificial: Man-

made radioisotopes (e.g., technetium-99m)
created in nuclear reactors or atom smashing
apparatus.

One of the most important properties of
radioactive isotopes is its half-life. It can be from
micro seconds to several billions of years. All of
us are aware that our universe is formed/created
approximately 13.8 billion years ago through an
event known as the Big Bang. It did not explode
into anything; rather, it was a rapid and
monumental expansion of space itself from an
infinitely dense and hot point called a singularity.
Just a fraction of a second to 20 minutes after the
Big Bang, quarks (elementary particle) fused to
create protons. A single proton is technically the
nucleus of a hydrogen atom.

For a long time, the universe was too hot for
complete atoms to exist. The intense heat kept
electrons stripped away from protons in an
opaque plasma. Around 380,000 years later, the
universe expanded and cooled below 3,000-
degree Kelvin. This allowed protons to finally

Researching infinitesimally small
(Nuclei) to decode the infinitely
large (Supernova)

Sanjay Jahagirdar
SEAC Member, DoOEF&CC, Govt. of Goa

capture electrons, forming the first stable, neutral
hydrogen during an called
Recombination

These elements require extreme cosmic
events like supernovae (exploding stars) or
kilonovae (colliding neutron stars) to form via
rapid neutron capture. The very first generation
of stars (Population III stars) formed around 100
to 300 million years after the Big Bang. Because
these massive stars had short lifespans, they
exploded only a few million years
Therefore, the heaviest natural elements were
born roughly 101 million to 305 million years
after the Big Bang.

Human intelligence and creativity has no
boundaries, nuclear scientist successfully created
thousands of exotic nuclei. The heaviest element
on the periodic table is Oganesson (118) that
was produced artificially in 2002. The Facility
for Rare Isotope Beams (FRIB)* at Michigan
State University represents a major leap in rare-
isotope science. By accelerating heavy ions to
nearly half the speed of light and fragmenting
them in target materials, FRIB can create

atoms era

later.

hundreds of previously unknown nuclei, enabling
researchers to explore regions of the nuclear
chart that were inaccessible only a decade ago.
Why there is craze in the scientific world to
discover newer rare isotopes or exotic nuclei?
Physicists often imagine all possible nuclei
arranged on a chart according to their numbers
of protons and neutrons, just like a periodic

o 11 SR 208 11 2%



table. Only about 250 isotopes are stable, but
theory predicts that thousands more may exist.
Where does the landscape end?

Why invest millions of dollars and decades
of research to create something that vanishes in
seconds?

We will try to explore answers in this article.

To a non-physicist, a half-life of second
sounds like a failure. To a nuclear physicist, it is
a window into the extreme limits of nature.
Scientists are obsessed with these fleeting exotic
nuclei for three profound reasons:

1. Stress-Testing the Shell Model (And
Finding ““Island of Inversion”)

Our traditional understanding of nuclear
stability relies on magic numbers of protons and
neutrons (2, 8, 20, 28, 50, 82, 126), which create
stable, tightly bound “closed shells” inside the
nucleus. The nuclear shell model is conceptually
analogous to the electronic shell model of atoms.
Just as certain electron configurations confer

180
170 4

160 -

Number of neutrons (n)
g 8 B8
1 1

exceptional atomic stability, specific numbers of
protons or neutrons produce closed nuclear shells
associated with enhanced nuclear stability. They
do this by achieving a closed-shell structure,
often defined by the Octet Rule (8 valance
electrons)

These rules were discovered by studying
stable isotopes, that led to the nuclear stability
graph (or band of stability). This graph plots the
number of neutrons (N) against the number of
protons (Z) for all known stable and unstable
nuclides. It visually identifies the exact ratios
required for a nucleus to resist radioactive decay.
Majority of nucleus of elements do not lie on the
straight line but on a curving belt. The
‘disciplined’ ones are lighter nuclei with proton
number Z=20 are perfectly fall on the straight
line. What should be the ratio of number of
neutrons to number of protons for elements with
7Z=<20

Children you will notice ‘trend breaking’ for

Courtesy:
https://uen.pressbooks.pub/
introductorychemistry/chapter/
nuclear-structure-and-stability/
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heavier elements with Z > 20. Is it happening
with excess protons or neutrons? The curved
band lies above the straight line, it means there
is neutron excess. Why more neutrons need to be
added for rise in the atomic number (Z)? As
due to the
will

number of protons increases,

electrostatic repulsion nuclei remain
unstable. To maintain stability, more neutrons are
needed to provide the strong nuclear force to
counter proton-proton repulsion. That’s why
nuclear force is different kind of force, other than
Newton’s force or Coulomb’s force. Therefore,
the band curves upward, meaning heavier
elements require a higher neutron-to-proton ratio
(reaching about 1.5 for the heaviest stable
elements).

No stable isotopes exist beyond Bismuth
7=83, known as the “Island” Limit. No truly
stable nuclides are known beyond bismuth.
Although bismuth-209 was once considered
stable, it is now known to decay through alpha
emission with an extraordinarily long half-life of
approximately 10" years or 19 quintillion years.
Because this is over a billion times longer than
the age of the universe, the decay rate is virtually
zero. For all practical and safety purposes, it is
considered non-radioactive and completely safe.

Anything heavier is
undergoes decay, such as alpha emission, to shed
mass and excess energy to acquire stability. Any
system for the most stable equilibrium, must
possess the lowest possible potential energy.

Is that all what we read from the above graph
or there is much more information yet to be
revealed? The location of an isotope relative to
the band of stability determines its type of
radioactive decay! Children you know that there
are three types of decay - a, [, and vy that are
coming out of unstable nucleus.

Above the Band (Too many neutrons) :
These isotopes undergo 3~ (beta-minus) decay. A
neutron is converted into a proton, mass number

radioactive and

remains unchanged but atomic number of
daughter nuclei increase by one, moving the
isotope diagonally down into the stable band.

XZ—XZ+1

Below the Band (Too many protons):
These isotopes undergo [* (positron) emission.
A proton is converted into a neutron, thereby
decrease in the atomic number of daughter
nuclei, moving the isotope diagonally up into the
stable band.

XZ XZ—I

Beyond the Band (Too heavy/Too much
energy): Heavy, large nuclei (like uranium)
generally undergo alpha decay (emitting 2
protons and 2 neutrons) or spontaneous fission to
reduce their overall size

When we push a nucleus to the absolute
limit, near the neutron drip line, (a boundary of
the shaded curved band on the left on a typical N
vs. Z plot) , the binding energy of the last neutron

drops to zero, and the nucleus cannot hold itself
together. The traditional magic numbers can
completely break down, and new ones emerge.
This is known as the “Island of Inversion.” If
we only study stable isotopes, we are like
someone trying to understand gravity by only
looking at objects sitting flat on a table. We need
to see the nucleus at its breaking point to know
if our structural models actually hold true.

2. Island of stability: On a graph plotting
neutrons (N) on the y-axis against protons (Z) on
the x-axis, this theorized region is demarcated
by:

Protons (Z) projected at magic number 114
(Flerovium) or at 120 (Unbinilium) has
Neutrons (N) number Projected primarily at the
magic number 184. This is highly stable element
sits far to the upper right of the curved band
literally surrounded by a unstable radioactive
isotope and short-lived transuranic elements.

According to the nuclear shell model,
protons and neutrons fill discrete energy levels
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in the nucleus. When a nucleus has “doubly
magic” configurations (fully filled shells for both
protons and neutrons), the binding energy
increases, creating a region of structural
longevity (an “island”) amidst the radioactive
instability. Lots of research is presently going on
to discover newer island of stability.

3. Mapping the “Drip Lines” and Nuclear
Halos : The drip lines define the literal boundary
of nuclear existence. In isotopes like Lithium-11,
the core nucleus is surrounded by two loosely
bound neutrons that drift so far away they form
a “cloud.” This makes a tiny lithium nucleus
structurally as large as a massive Lead-208
(208Pb) nucleus. Understanding how

neutrons can dance around a core without flying

two

off is a massive puzzle in quantum mechanics.
Near the neutron drip line, we observe these
phenomena that challenge
definitions of matter, defined as neutron halos.

4. Decoding the Cosmic Alchemy (The r-
Process) : To truly understand the r-process, we
have to look at it as a cosmic game of musical
chairs played at near-light speed inside the most
violent explosions in the universe. The “r”
for Rapid. It is called the Rapid Neutron-Capture
Process, and it is defined this way because it
describes a frantic, high-stakes race between two
fundamental nuclear forces: capturing a neutron
versus beta-decaying.

Here is the breakdown of why it is defined
this way. To understand the rapid process, it

bizarre basic

stands

helps to contrast it with its calmer sibling, the s-
process (Slow neutron capture), which happens
inside ordinary, aging giant stars. (Hold, we were
dealing with nuclei, a dense matter is confined
within femto dimensions, how we went into
cosmic  scale!!?  Nuclear  Physics  to
Astrophysics!!)

In the s-process, a nucleus captures a
neutron, looks at its new configuration, and if it

is unstable, it has plenty of time to radioactive-

decay (beta-decay) into a stable element before
the next wandering neutron comes along. This
can take years or decades. It is a slow, orderly
climb up the periodic table.

The r-process is the exact opposite. It occurs
only in extreme cosmic catastrophes—such as
neutron star mergers or supernovae—where the
density of free neutrons is unimaginably high.
We are talking about 10* to 10? neutrons
passing through a single square centimetre every
single second. (The dense matter that exists in
supernovae, also found in all of us. (3784 STRTTIH |
individual soul and the ultimate universal
consciousness are one and the same.)

Under this staggering bombardment, a
nucleus doesn’t have time to think. The rate of
neutron capture by the parent nuclei itself is
much faster than the rate of beta decay.

This is how the r-Process Works (Step-by-
Step):

Imagine an ordinary iron nucleus Fe* sitting
in the middle of a neutron star collision.
Suddenly, it is hit by a torrential hurricane of
free neutrons.

1. The Avalanche of Neutrons: The iron
nucleus is forced to swallow neutron after
neutron in rapid succession. It doesn’t
matter that the resulting isotopes are
highly unstable; the neutrons are forcing
their way in faster than the nucleus can
spit them out or decay.

2. Hitting the Wall (The Drip Line): The
nucleus keeps ballooning with neutrons
until it physically cannot hold any more.
It has been pushed all the way out to the
Neutron Drip Line. Here, it hits a
temporary traffic jam (a “waiting point”).
It can no longer capture neutrons because
any extra neutron simply drips away.

3. The Forced Metamorphosis: Stuck at
the drip line, the heavily bloated, highly
exotic nucleus is forced to wait until a
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neutron inside it undergoes beta-minus
decay. A neutron turns into a proton,
emitting an electron.

4. Climbing the Ladder: Because it now
has an extra proton, it has officially
transformed into a brand-new, heavier
element on the periodic table! Because it
moved a step up, it can now tolerate
holding a few more neutrons, and the
rapid capture process starts all over again.

This

capture-decay-capture repeats in a matter of a
highly
unstable “exotic” nuclei that have never been
seen naturally on Earth. Observations of the
neutron-star merger event GW170817 provided
compelling evidence that such mergers are major
sites of r-process nucleosynthesis, producing
large quantities of gold, platinum, and other
heavy elements.

S. The Aftermath: The Birth of Gold :

The intense neutron hurricane only lasts for a
few

frantic cycle of capture-capture-

few seconds, forging super-heavy,

seconds. Once
subsides and the neutron flux vanishes, the grand
game of musical chairs ends.

The heavily bloated, short-lived rare isotopes
that were created near the drip line are left
stranded. They are wildly unstable. To find
stability, they wundergo a rapid cascade of
successive beta-decays—converting their excess
neutrons into protons one by one.

As they slide back down into the Valley of
Stability, they transform into the stable, heavy
elements we know today: Gold, Platinum,
Uranium, and Thorium. Nearly half of the
elements heavier than iron were forged via this r-
process. But because the entire process takes
place in the wild, uncharted territory near the
neutron drip line, we cannot fully calculate or
model how gold was made unless we know the

the cosmic explosion

properties of those brief, second-long
intermediate isotopes.

This brings us right back to our moot
narrative — why there is ‘“craze” of modern
laboratory physics to discover exotic nuclei that
survives seconds.

When facilities like FRIB artificially produce
a rare isotope with a half-life of one
microsecond, they are literally recreating a
single, transient step of a neutron star explosion
that happened billions of years ago. They are
capturing the ghost of cosmic alchemy in a lab.

This is perhaps the most compelling “space-
earth” connection in physics. Nearly half of the
elements heavier than iron (like gold, platinum,
and uranium) were forged in the cataclysmic
collisions of neutron stars or in supernovae.

We cannot look inside a merging neutron

star with a microscope. The only way to
understand how gold was created in the cosmos
is to recreate those exact, microsecond-long
intermediate rare isotopes right here in terrestrial
laboratories.

One aspect of exotic nuclei addressed by the
research program at FRIB* is study of nuclei
throughout the nuclear landscape to the limits of
stability.

* The Facility for Rare Isotope Beams
(FRIB) at Michigan State University
(MSU) is a world-class research and
training center, hosting the most powerful
rare-isotope accelerator.

** Visit this website
(https://www.pas.rochester.edu/~cline/
Research/sciencehome.htm)
to see colourful nuclear stability graph
and very apt description as if it is a picture
of beautiful landscape.

- Sanjay Jahagirdar
sanjayjahagirdar2012 @gmail.com
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JHE THT CUMHEA T a1 A 3@
Sd. @S- fha foss’ (SereumeET=n
firgra) =1 TrEmEn, 9m Es 3@ T JERI
fofgen. I FHHIRTET SUSHS The Cannon of
Medicine 318 AT 31T8. Teh dechld Tl T&Ud
YT AL B UY YElId ST Sd gl
ST AT FhH BT TY STATHUIHE! JTdrd.
1 gomed 31 o I vy wd @R
3gH IUA kel IR, HYHE FOME FAd dgM
AN 9 Had oTadl Bid STEeATged AT TSI 367
o o SAA-gee (A w@sh) I e
pfern (EfierEn sifqar) srft 9@ foeft g,
AT JURT STWEAIUT 3al SR Ga
AT TR FEAl, M AYuginey THA
AT THET 8IS IehdTd TRl 3g@ AT hedl
IR, AYHEA YA TG S A AT Hehod-ar
tfeen a wTe AEsk e W feAn g
eI AT e e3d JUT JLh a1 &

i3 ]l

dDlsiaddDdIo

UDI9I IIS] (fardrisre)
T : 340 T A1f31eil caodl
TEEd : 390 FUA Ted : 200 >

TS 3TEE I AYHE M Feie 3.

3% G, HeghE  fagm mEaw
TEHATEEE  (223¢-%R0%) I faeifamen
AEUTHE HYHETS qURMeER aui fofgd 3ot 2.
Sfer afr 3R A fagHiieEia s |
FHEA it 3R, i IS AT, TqHHAT, TR
It T e fosernft W sTeREn I
gl ey IR,

IR 3QREE, 9RaE, s s
A AYETET dwehig o 3nfor @ert A 9l
FHATT YA GU AT bR Hedl a1, TgHE
HT B ?’ AT TA™ Wb IW AW AT S
Tegd. TEUEd, UgHETe WER fem w8 e,
I SEaA] HehoUdl fIshfid HOImEE <=
BRE ANEH Foel feqd A&l

ety uEYe Juehi dy AYHEEEd S
GINEE o e Hid Bld IATETH I SxTHY
ST dSICEd AT ATREE [ FIET hid
B,
UM GRHE AT ST qair -
HI FH ITAH A Bd F o J& hahd foepierd
BId T O 39O A7 GEIA 9T e Al

- Bl Wt dJue
swateebapat@gmail.com

FIAZHTS

Tt 2T
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Tfiel 3TRTHE ATV HebITI=ETS! SERRE
It Imfor R SRfendiEsd migdt wHEa
Udefl. 31 3TURE Tkl YMU=R Ugdi=] 3aE
HEA S AN WNYARIGAT A= daFET=A0
SRS Faed Tgd! fepfed aid Tear. W
AT T G TEEmRIe ArTeaHa guiea
1 qrefier. ‘FeRfatweed 4 sifeamifes St
3T FTAAT T8 I8 SHR NSRS FTe3amT
foadt omR. @g o ® A g TR wem

bfrm & WS T HY AHIEEATER
IR A TR IGYI WM IEUGHET -
e - MY A, dRE A qauq
STRHTEAER A1 hell FeUN §d  Saeiemd
Wmm@uwaﬁwﬁaﬁaﬁ

g Y U SIS 39

BN FRNSAEN. AT A ThRA  fowE
TR T FRNSNEN 3TH hel. 2%¢ d

A SFRRET UREYh HET. T I 3T TgUTdT.

2R TRIH M 3 ThRa ‘TFRNSHST
MY iecl. fegferstt siera a1 sFfEmen Qo=
fawTU=ETeE Y AEE. § i S TRisS
JETST WMUER gt U[E aTel Jd 371 gal
T hell BT, Ie $% ¢ Areft uffref=an snema
T gET HE YAl O RWoTAT  gIIehId
gferatferpT TTerq Sfaferier gefq emTeam oerd
I I gegr MR STemETdt SR NETES
I ST AT IET =R qe ST

3 gL 2’3 A1 feasft € Bt wm fedd=m
fSamen  wort wwren ey gaEstarE
TAATU IMY A 4R%% HE AW BE WM
e hed Ul feddi=al el & ohel.
9%20 L Al $SI-TH T Hia T =T
T FHATHTS TAT. THIAE FHIHAT TAeTal
dl 3T TANTIISTHE YAITETS! egusd gidl. e
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2R 3R SRR, Iead shode, ITeATEft
HANE ;. 9332 el W SERNAGS JA00
UMITIhRhIR AT e Tsh HHIUTE TG
Hell. T GNOMH 37T STl Sl ATehIeaTd UiaH
TS Sfeet MM STeAs I B Ot =
HISTT THIOMG ISRAGU ITANT GE ohall. Al
UMYER Ugdid T@rel wre oy amfaeg @
Hd T89d W &H fafay woEe fisor wuee

UMY B TRNATHS 0 HE ARd, o
fegard, & HIomer= AEA Jead. Jee TEehIETH
TSR o Siee T 7@ g hell Bl hl 3
Tsh ST AT 8o fHsiia TR
foha TIEH WA, SHRIENE 7 WA STet TR
T T §S SId @1, dg-Hfdarg Je] g
€ WA IN A B AT JAT = A
BId. WL ¢R3R UL FoHe Tehl IW sAFL
HTIsh b IETed! Ufett ‘S Ratiwr sferden afor
T T fIuI0] (SERRE) e SRR ohel.

Bacteriophage Structure

Proteins

Tall

#  Sheath

IR BN Ol TR UHg e, o
gfm, wra, smferr, WREn O e U e
R AL MW WIETST AT ATH=T TR v
AT, W Bleh 3(-eeleell § Hioid YA
fafire mreryTa gieuda taar st T, o 9@t
g B TS g 9YT W US dl WA

AT, T Gasd G hefl ST Y HISTa.
. Hict o WINEA 7 1 9Bt gifehd 3fReees
Hol M TFG o TFRH HH Hadl.,

e Uviier TR e dERRenEed

3@ UfTefia SersheET et Yo
TferetferehT=it qXes!

900 UM IEfhdie 3ufiya SmgAT
TEYHE Y& 9N T fERmed ¥¢ av 3™ g, SR
ES M &9 e TH@ R0 . e, @i,
HeHd, &9, ST Wihdl, @R dd, JHwd,
TR I 7 fam dwise O g|. sTEm
e aiferda afadfas g™ & e
I Bl 2088 HEY IUTEhd € B 0 A
AT Tldeifash g WMYER 9gd Feud aTaieft
JTd BT, T SNYUIIER, 91 3T Hosthaacs
T &ATT ST S ¢ O R ARG e it ek
AR hell Aral. Tfaafaepren srfadshl amm q@en
IATATE HEREIET ANl 318, A0 AN S2l-
AqeH, SAHTAERIAEEH, FAHARA ST
erEmEfaaa AT ffatiy TR S Wi
FEwStard Hig= SHIvNG faehfad gia 3ed. Jeehi
SR Ao i greiet Tt B Su=mrEnst
JEIE S ST BV ST Jogd THI
Y ded 3TE.

ufoifaes gfaferiom stegA!
gfestfopret  fAffdft o= sfwg famior
NG FaAdH Ffesifospiet Ffifdt wwamt g
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o Wyl gE IR, Aen M “Sifeamiies
UEIATE 3TH UL AT AT WA THH 3TH
ST, AT 3718 <hl FEHS{aral Sdsfaehi=T SO
a0y T war sitvy i sedie et
98¢3-2R¢ AT HIAEHd FHhHT THETA 2§
T wfastfaesn m=rar feeft &, R0%0-30%28
T I AT THUT el HHT &l dl Had &
T ufastfass 3ot gEEn IR, HIEieEw
(Carbapenem) guidter ufedtfess == 3mmoor
‘Sffcamifess  uUaEA AiA  Ygeet  idsifah
JEF WY AT Rooo HEMHA BIfITHL A
Feffeauet =qEHT A FEIST fEmE s
yfafeatie” fmior g4 Y a1 dTedd e @&
I, B TH AUchA GRiEdE g
UMoemrErdt a1 gfeifae @i TEerme €
IEE ICE ATdesd dTefell 318, Flfequett
e fFaTEETiges JeeR Yo 4 4o Tk
3a%1 dTee 3R, ‘Ifesmifes ugyes Hete
Sgee gfastfaemia S TEee STEees
et U= Sfireh foemagedt Jeyi seerd
JME. IMT ESKAPE TWhY IMTSIq 3™ TEUIATd.

@éﬁzﬁw HiEm (Enterococcus faecium),
TWIhihd  IMNFH  (Staphylococcus aureus),
EQICEISI T%ﬁﬁ (Klebsiella  pneumonia),

K IEEFACLES Tg’q'l'—ﬁ (cinetobacter baumannii),
Q’&ﬁ"ﬁ?ﬂ? KIS EIEe| (Pseudomonas aeruginosa),
arfor woetER fE (Enterobacter spp.). I1 FOET
TaT=an 3 HEIE "ESKAPE’ 1 ¥6g &
Hle. I Y= wgiivy wiay e
(Multidrug  resistant  Bacteria) HT3! ECIC]
INTNIER Ugdl Tohid  odehl  Eiv o
JAETTS TG, LT bl fad= guehrd
I HAHT AfqatfaehiT ey fmior groar=h
SHTO ST ST TSI TR FA= Fermfor groemht
I S SR AT TEd e e
AN, = SHehlsd ATET ST N,

B 9hl EAR fqHA SEAM SAHedrel
feratfereh - E@EFIE'I?I (pre-antibiotic era of
medicine) ST ST FHTd ARTIR 3T I ?
i gfestfaemer foam star @) 3R

H? BN AT W T fo=R e AR
qTat A1?

QIRICER S|

S fEme @ fauT] wuee dEfes B,
7 fowmy g9 TRE IEdE. TH IYE IFHe,
TOAA, A UhU gl SNAU 3AEdl.
TR RSNEN IS A HToE IO ST,

AR TSt

ET YhNEl SE AT d @ 9o
Sxferen usfta quarnfae  Fesfied S
JEE TRV, AT TR foam] sadeia
HIA™ 0157:H7 & & W ¢ fafaa memwen
I URfia e wat Jifer fam g
R0 TFh Sk SATIAl. B HENSHS w1 e
Icaf@afda wial. Iges o femen s@s e
fresaa. T wUS T UThRe SHAT dTed.
Seretond fewfan fow, frm foaw, segfoaem fow
Frfl el aTed. gE HEwTe FEUS ol e

Lambda
phage /

Lambda DNA + l
(in head)

EIII

— E. coli chr ornosome

Circular form of
ambda chromosume

O/

I. Lyuc pathway 1 IL. L

Many viral + +
chromosomes

/0000 I~
888°© QO )
O ; OO Lambda Drophage \
KO 1 8'!0 / assembly i )
%) ( O O )
\@. é @ A </

P R

T sk ATV ATEEIS ek <Ish ATcitel Tleh S9TTUTR ot

Site-specific ‘
recombmatlon
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FINSICEICIN O] (Antibiotic resistance) el
TR NINE IHAHE ARSI b BId a9 ST
AT,
Tl Y

TR NNHN A=A SR holedT TANT
3@ fo@m o e H owmme WEHEE
sl o femms afm gden 3eten
TRNNENE Il AT &6 Tdh  IeR
THewe  Fedifern  fefhfiems  sewe
gi\aaﬁ@a?raﬁ"a%ﬁ ferdft  fmiw T;ﬁﬁ Induced

I fyzor 7 Afuss aiomHeRs FAECI™ e e
firesara. @em U9 anfor swichd MO=RETE
SR NAEREE Fooid Icdgd qTIR hefl AT
IEM. I FAAA o IEIATET AT UfshAT
TR NINBIS IS 3= MO 3T IITEAH
= feeft R demmen, fawefan,
MaEEESE, sPfRm Sid™ 0157:H7,
ARIBISFRIEH, SIS, T DEHHEE
s, Aefietefiafatiet ©fthaliehiend g 373
Naven fouaa & Iared 9t STar.
FFR RSNBIET TR Hed gat HOm RSameEe

ileocecitis (3SIFS sfasnfer) Bue |8H
ST WAl WE (lleum) ST TIg=N
JASTTE] FeaTd=l HF (Cesium) I TS
fhar Jewe fmiw gvarh dudm o
'Induced' =T 31 & FI TETAT STEI SRS (&
1 wet, 3w, fhar fafye ufsrages) sguaere
T, T AT 3T Sk NATHIS=AT Uehl AT
THEWE YIqeY Ao e,
EHHREEAAT Y O 3R
Hivem 3@ foha Sel-cfRmSa HAIUY HIOTT
3TN e 3@t fohan sfdmen st swomn
TEHHE  IEGHET 3, 3eU=A dihadid
Teciedr fale dRfEwS=a q6d @ e
JrRiush e T8 wwara I e 3.
HIALST, FUH M TEHTTIG T B0 Io7
et ferehT= 3Tae ST SIEHHTE STefHET=n
GEHTST BTl hisheed =T TMIERIETS! TR HLdT
It 318 fag oot o, wgaivy wirias sadfm
HIAT 025:H4-ST131, fesfeam dufemiemadieny,
TEMATE I, e aeut A=
HeriqeEiel e kY sl 3TTed.
e e wfdfes wfeus fSam@
Txftateemge Ufasfasd ddesfiierar I-a1 Im=
B 30 FeHNE FRiHEme fog e 3R,
wiasaTdiel SreReie e
oI YR auTITEd g USRI ATerTeA
yhR  feeft W@ 3R, u¥ AN  THigS
TR 2 Uy ToAMT TIBISS Blerde! IU=R
vgd! feeft el Brdt. SeefiatweE s ufastfass

MeEel I, 3erend SRiegiHas  fdidt
BT TR HEA SHAd YIS @ Idl.
fShTqT /%8 CRISPR/Cas TG Ueh HIEH
TRUH SFRNSTNESET T AT AT TR
smed. famdia wer vt fafrid s
FEATITHIS!, TShe /S aTesh Ted ST eHITS
TR R hall M Ihdl. AT d
gfersiferes sfefertieh wnfere frsyw wear Aga.

wfaatfess wfaferiomges fmior gom swmer 3@
gifree goiedEial armsfes  seftaneemEn
IR HEA FREPE wa IdfE. TR 3=
L W ST Serehid IUhtl ATe g ST
el

I Fedtd FET (R034-38) YA fiF ITH
& ShifdehRl FINEH B 3R

9. M FhgH MU YA wf : fommo
anfor faw-ufom am=ht Gehewt, AT T IREA
HOITHIST P Flgaaet UG AR TR
HU. ST WA FEASHATeAT Hifga=n AT
Fd AEw A Edt AR oS wrafE
(NLP) JITETE HT&H ST90l.

3. Wi WIHEE Ugdl : e WiHeH
A A7 SEH e AR e &= e
% R A HEH el I T8 AT A §
Hfgd @I BId. SfdSfaehET gom fdfekiy &
AT FTHAT T dehled @Al 33 ANl
ATz,

3. e vata ¢ gfoifeskien afdfatia
qEd IS TR BN AHIhs  FINEATET
Hel dqTed FTAAl I8,
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Published findings on phage therapy in humans and in animal model

Causative agent Model Condition |Oral Result summary!

Shigella dysenteriae Human Dysentery |Oral All four treated individuals
recovered after 24 h

Vibrio cholerae Human Cholera Oral 68 of 73 survived in
treatment group and only
44 of 118 in control group

Pseudomonas aeruginosa Murine Sepsis Oral 66.7% reduced mortality

Clostridium difficile Hamster lleocecitis | Oral Co-administration with C.
difficile prevented infection

Hamster lleocecitis | Oral dose every 8 h for 72 h
92% reduced mortality

Vancomycin-resistant Enterococcus faecium Murine Bacteremia |i.p. 100% reduced mortality
Beta-lactamase producing Escherichia coli Murine Bacteremia |i.p. 100% reduced mortality
Imipenem- resistant P. aeruginosa Murine Bacteremia |i.p. 100% reduced mortality
Acinetobacter baumannii, P. aeruginosa and Murine Sepsis i.p. Animals protected against
Staphylococcus aureus fatal dose of A. baumannii

and P. aeruginosa but not

S. aureus
Escherichia coli Murine Meningitis |i.p. or s.c. |100% and 50% reduced
and Sepsis mortality for meningitis

and sepsis, respectively

MDR Vibrio parahaemolyticus Murine Sepsis i.p. & oral [92% and 84% reduced
mortality for i.p. and oral
routes, respectively

S. aureus Rabbit Wound s.C. Co-administration with
infection S. aureus prevented infection
MDR S. aureus Human Diabetic Topical All 6 treated patients
foot ulcer recovered
Unclassified bacterial dysentery Human Dysentery |Oral Phage cocktail improved
symptoms of 74% of 219
patients
Salmonella typhi Human Typhoid Oral In cohort of 18577 children,

phage treatment associated
with 5-fold decrease in
typhoid incidence compared

to placebo
Antibiotic-resistant P. aeruginosa Human Chronic Oral Phage treatment safe and
Otitis symptoms improved in

double-blind, placebo-
controlled Phase I/Il trial

https://pmc.ncbi.nlm.nih.gov/articles/PMC5547374/sec6
- 2. T W
ranjan.garge @gmail.com
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ISt BT e Haieal R=ETET 3R, AR
TUEA THA T AUST Vg AT JATAAT ATaL.
LU TS TaSIEE] I 38 aae !
IS FAHU BN HAT qll dred i off My fHan
& ket uered FhrET arent fohar == AT| B0
WS aEaE § e q@l HHIRG: §=UTE A8l
T AU ITRAT IS Aehd! q8 s I1
Mo TR TSl BT 36 Hai=a U= AR
W A @G A Wee STIUEel i Eehd 3R,
sl & Tk FHOUNU AT AR, oS

FPIER ST, € A B GAnA, T s
IR 3aId I AR Solell 38d. a1
IAUHE AfHRT TSI (lymphoid organs) et
TR 374l I1 AfHehl Faamqe iy o
TSI SHETS 3157 (Appendix), T ATE 0TT=T
qfgoft  sfor e, ARSI (bone marrow),
Atgent T (lymph nodes), @&t 361 (lymphoid
tissue), et (spleen), UTIHH (thymus) AT
S e (tonsils) I FHES 3TI% W’E’IEZ'H g7
T Ush hTGeAT Uit 31 ST gl ®R

HIVTE FANTEIATA SHHRAAT Bl IMehd. TG AGH
qamel fod JHO S RA Tedd Ad. Sielihs
TSI T ST e dTed 318 3™ d1g, ANTet
MR, Wk TeRauTen fafay faerme a1
AT S @ 3iersi a1 TR dgmen Jak
ANl @YU S Sfast A foshrm ST
USUTRT Wil THIUL .4 ITdh TR, WISAT
EUHE TSN TGUUITSIST Jfetsii dTed FHTuE
feqa ¥a s, rTdl 3-¥ aufe gaHEgT didl,
T T, ITET0 JTERET Uerdi=h 3fetsl gear=
FERT Id. foam=am 9l @ar Iaq AR, heh
@A Aq ATE. B HOMR? AT HROMETS HIer
el AT Sl HRUIYG SR Heeh
T WIS Mo JUITH sl 378, Ieraond,
STETON, SETH, IS 3THCTe! 9Tl ST Hhd STl
Iq ATEG. W P UH . ™ UH G
HAd W G@EE HE? T HIAU AT, AHS
AT=Id: e GAT TSR T2 SAHEd U
TMBUAThS el 3Tl

st & wdam I@elt aft B uEwTE
RIS 3R, U0 g AU sl Th
YIOAThe AT VA Gord:  UMTSIcreh e o

Mgl HTed. @ §d ol TEFErE
forpramgem=h fafidt sufor = @ik Fwams
B HIST I1ET 378, IR HIvda! Hehe HTd TEuSt
gemsiq, foremu) fohan e geTdt oo Selt st
& A HEifd gd T SR A Hehe g
AE HOAET TIA Hld. AR WAt I
Hivrarg! forems i Fafitenicn S %
STehefl TTfESt. 9iq T8 BId ATal ST 907 ITErst
et Hed oal. & Wil a9 ferda
TEU g Ydh ES(iare 3 haed & e,

T HTE T8 B U T0M HHA HROT
IRl HHAT=1 HAT(0 reugell qereiq <[ Hiehrerrh
A ST, RITE@ fafta g (specific)
Jffeardts fmior e ST, @ T9va fewefia
ST 3R TEH T2 T a8 Jiged 1.
Ao fera Jvama gl € e dresde o
FTE! Tehgrd fohal TS TYYW TEUN hIEl qrAHE
foq @rraa. @em ot @ d SfeEtht e
ITehdTd.

JFAS AT STRAAIEHEEET N HHT ANTAT A
o1 fam wa 99 gefie . SR 4@
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THEme fogd I AU SaET HIE STSARHE
feoqm ¥ama. MBS Tehl HIUAT SR 3R 2 @0
FAUE IR, W] daed I TR THNE AR, A
TR MY FHATEA R 08 AL AN, g el
BRI N & qHE el Em%ﬁmvramqa/aﬁat
HTEl HITEET HEH W HoTsi=aT AequT=T JHR
ST ANTG B, & AR Hages ST 7 uered
WieeATal AT T Bdl %erd el ST Al
ST Al & FHSIA Tegd. TS 8T HIEradt HRoT
3" TR HigA feol Sa Bid. WTehles! fastt &
vegeEld HIEA Jegdl, 3T YA WUAHE
QY feheh IAUM HFTf<Id Ed 2al HTEId Tead.
T ¢R0€ UL B, FAHE a4 fUshie (Dr. Clemens
Von Pirquet) 31 3TMEfol—M SToRiTdSIA @8
AT TeHUrE (Diphtheria) Sgfae feeameR heiet

Frmtor som=n g TehEdt BR i g
(specific) 3THdId. 3eEWmY, Uh TR
WITSHUTETST (pollen) STl IgE GE=AT FehT=al
TATHUETS! 0 & Iehd ATRId. Uehel TETET
FRi=ar THIUd 30 YHR TErET et Ao
HMT THES! gk Fmior smeen &t g wefidt
ot Sl AT ThI=AT HUhid ATl shl IE IgE
T TG U 3fetfsieh Ufdfshan & B, 7SI
YHR TERN THIVd HIH Hdese sl
TEUSIE A YhT=AT HEehivd! Haedsiiel s9o1 &
ufgefl TRt 312, e S A gewr= Arfaea
AT Jersii= werl fog A & gadt arid.

e efien afdfshan (Anaphylactic shock)
HTEl fersh o R Tesh 3™ ST i

fiem ®R dew™ 4. 3 <Rfedd  =Hieure
fome gia. = @ | 3ot <l gorn ufgen
o feeara o=l e @ feaett

e Afqer e fohan SaT=amed SUgT THaTe
ITAT HAIT L& (anaphylactic shock) Y TR,
I IAAT (tissue), TAT A AU, IR

AU @eq0t fegeft. Sieetl <= 8 Hewm
e wepfTd shel. IS AelA 3fesi wmeaT=a
JATETAT FeaTd FTeit. A1 fashrren fersh g Aragt
e foet, gt @a ke A wEHie
(Prausnitz) Tt HEAL (Kustner) RIE] qrEgd ﬁﬁ
1 3icAstt T Teeh TrRmeR i giar
MG TEEA] WS Iehdl. & Uh TgUed
Jffearet. gmelt @9 9R&0 ALY TIMiEmh (Ishizak) AT

IR Sewm a1 Jfeare IgE (Immunoglobulin
E) 3T 3nv @ 1g6 (FamEh @mmn smemat
TR ATESdTd) ATIRT AT Tad eITe IMeT
ATIAT. AT IgE Sfearet A Usfiqr faeheara e

e HHl BV ARSI he  gel,
3= T FU, 419 U 3[F9S 0, Sl g@vl,
He3UeaUl, IT=il &Iol, TR, SATe 80, g gLuul
ITUeh! AT HTGesdTd. 3TN TldfshaT HIal N,
S ouced, fom, faw fhar =+ wWreA
IS I3 Iehdld. AT SeRiAT -l Fersti
YU gIe IHIAl ared fehal W @Al fekan
Hﬁﬁ?ﬁﬂ (sensitive) 3AEdrd T = CN G ICEGIC]
IIETST LT T (Kit) Tod:sUst STeTdrd.
I FEWEY dESdE ¥g 2l YK dreadr A5
Cope) (injectable) Q’&Iﬁﬁb‘—r 3 Y 3. § 3fwy
ﬁm Tefielr (Adrenal gland) |fsha Ld 3o

fewaifim wame J9 anf Sferfit et fog g™ 3% dTedd.

AT, AT WA 3Mal Hetsitene fem
A g% ITehd.

AU (AT HET St ?

Herstl T R Tesh IO Yo hidTd,
T d HIVCATE! AN 3G, 7 9 3Tl IXR
Jfeaidt fmior =% . @ sifesidl v
SRATAGEA § (IgE). 3TN Yebr=al wfafskanm &
ﬁ@l’ (Hay fever), el Y=l ¢l (asthma) a1
HANREE qgRe fUesd. a1 Jifeards qaen

ferstien srufid Feuge uarel

% A TEUR : TRV, YA hUT, Hiat
e 9|, it i gIsia Jvar e,

x 3T : TG, WA, T, |, R,
S A0 gYr, W TS

«  fopehra <wr ¢ gumeht, meflemeht i
3T ST hIcoh.

% 3wy uffaelmerE gfasfas

® ﬁﬁ:mﬂﬁﬁﬁ(mmx),mw
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anfr bR HIE U, wrE fhan wmmer uered Wierd T swar fegd

Hicdugmea s AT 7 3BT 1 THUIET g T
% Wl TR : JRETCTl il gcehiel farsti
HATTH 701 38 B HIEM T O YarETd fehar i

S i 3 o A O O 2 s P
mem

N95 HTEh ST,
© Y et FAgiRE et fhar

e o Heaw #eqot : fSrehr A0, A1k argu
fhan =g, ST W eul, Slediqd
groft A0, TSR WA s 33U feha
IMER el Igu. REE IA, JA

o e : 3718, SiW foha TTen g AW,

gE  UWE JE 8, odid WEd

HILIHITIEH  THRE  f9g e
freoma 39vaE Wed wE  IHhdd. &
Y JATHTAT AT SIS SaTed.

¢ SEIAIORGY STl SSieRM ShIeTTaNH

o= feresrean fafyry aferst aeehudt

FEICAINA SHIUITH Hed e Iehdld.
M YR st & rfeam= gt @ wR
T TREEHE 3. YA HH S1eum=n
AETHS GUE 7 AT B IU H TS
M IS IR,

AATERE  d1e0, Sledge gl 3o,
IS HH Bl

ITER AT SASEATI

% TR0 : Sl AfdfshAT (reaction)
TSI gaiaH AT RSl el fafdre
YO HIVCAT HIHAT TUhId eI

- Tgen e

josudha47@gmail.com

iz 1]l
dahtE Titg Bd 3R
AN
o =LY
HuTeA : Uftg SMRISeRR 99Tia Hesehutt
TS SNSRI AR Tedrel gui=l M@l SRl
T HE@qUl GEauadl..
3. o1, fparient, 1. g, wevfid, STo™mEd 3,
IEd GEL, THMIY gTd, HAIE 9. ..
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T SR AT FEWHG SRE e
Bd 3TRd. dUEMaTe, e YH & JRuE
Idld ¥ed, BNaTedRd  JEdfad S,
TN d1E, FHGTAT ATAHMTG o aT=a1 Iaesid
BId 3! 916, dshlaieat™ dled JHTUN, T&T
JUR [, STH, T 9 S ISl dred JHTT,
gl wewrdier st o e, o fodesvams
Ied THTT & gAHHECHTE! il 3% 3CEl
ARA. & Td U@ HeR T Fd E
qEEdld WA AU ATEd R Wiasaa 91
TCATHE ATUh a6 BIU 3T 8. & Td ¥cd
AW ITacser SAfrsprami Ismrhge=n fig
HEA AT IYTFASHT Goal Ied /A9 &, &
S A U HIF TP YA HRIHH
(United Nations Environment Programme -
quAgdt) orfr SrTfaes gEA™E uitg  (World
Meteorological Organization - W?:ﬁ) RIEi|
. : e :

INTERGOVERNMENTAL PANEL ON
climate change

@ ®

wro UNEP

gt (The Intergovernmental Panel on Climate
Change - JRMEHY) 2R¢¢ drefl feacrctentia
fSifregr 39 T el (99 fom qeaem s,

sfee

FAMHECATET FEAT B aRomg,  <mge
fmfor gom wfesardia e sfr @ v
e st SHATETSE U A1 Fale HeIHT Ul
7 e ge 3fey omg. s Safis
9 AMEHHA gaHSGATaSREl IS ATfedl
Td, AT AW @ AT gl iR
TN T4 SO ATt TR e, g TR
TR0 SEUETE AT Ot Ed e
AT SARdE . gead.

T 9 g
IdfiEiE ®wE = Hfame (Working Groups)’,
Th ‘e (Task Force) 3T Weh ‘hRITTE (Task
Group) Imed foumd R, B AW
qfeetl Hie IR A gamHET Widewmesta
TR, GHU AT BAHMEGAeS BIUTR TRUTH,
Iged 9 FAgUdaar FeEd e snfr foww
Hfae A gIWHECA™ BRI
IMEUITETS I 3U FAGUITHIE!.

T’ B qEAd: ERAEEARA W el
TEE RO AIdEHE R T sar. o1
HIHHE AT SRE T FHAA! HETgd!
frmtor shor amfor =mETdt R wfRed s faewfia
HT 7 HREICAT T HM IR,

SR’ B ENEEIEE g 9 SIed
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AR HqE YA Wedlgd  al. 91
HRITEEE 48 TFhgd AT ¢ TTHHAHT
2¥ auEeEt e e et

AWM deagsdi=n faer (3a1) Iuctey
e CHT hed 9 HETe FAFEHH = HHT
TEEl Hgd shidrd.

HfTe, HREIGA M FRATE A=HE FH=
GIYUATETS! TE AT IS AT ITHUMHL
gfaen rev[ wh afva anfor @@ wefearn qitie
Hedehg 7 faumm mrdieeien Seeiel 3124,

T TP ST THT(h gaTaH IHe Hee
i g@iid= o foea wrie™ gee 3mEq.
1 gl quiqd fRH Tshall S8% B 31,
SN HWTET HYU STETET Hde Sar AT
FEATATAT HHEES! AR ¢ T8 9 9
U=l HIAEHEE S . AT
TR fafay Tgr=an S sholdl 379d. g
TR o T Pl Ad a1 = st
AR WEIE 3R,

T R’ U HYF UPHHTAH A0 g
T a1 fowamer sefiemsfie fen fo S =
&0 Ueh YNNG WEuATd IATell Bidl. o giwed
Y& Y FOA ARG STHU §adHETde
S AT fIwRTeR SMARUEE EER R IR
i (United Nations Framework Convention on
Climate Change - W) JT Wkl e
forymTT=t T SHTuAT JTe. &1 T T
e Wil HEdalcal  Hdelenl Ul g
9RRUUTEH 1 fvfard wgwrht qee wfafaeft gradt
¢ AT,

JuATHHE T wEtd  RdE T T
qeT IR, SANTdeh  STdreRvEeetT=aT  &e: fRudt=n
AT AT S QIS hedl W I
YA @ HvEdl 9]%R% HIAIRE
JUATHETE AT qEThRA qsaiel aifies do% &
I, INTfdes STdeRudie Seer=al g ferdi=n
AT eI e CUIEIST hedl W I
T 3TTETeT SIS A1 §3%hT Bld. 3’10 T
15 101 1 151 1 B 21 1 I £ e A 1 1 B | )
S e 9 Heeh Sl AR
FEmEEEd 8 fresm st Fir wmfae
ATV Seet A3 IV SATfeh arqaTaTe

@ O weEtiia g @ e siaTe
iU B 3R, ﬁmqmmﬁ@mm@
FATfeeh UTdedioR ST J9eT BV T 3718,
fefier 2Ru ALY UM T R®IEl IEdTS
Sehld FIeNl R R (TeThied)’ & &0
TIITET Teh Hewar=l <1 3. %% fedien 2’%u
st FACT TTeTehicl TehRUATd ST,

HAEEET SHIvdE! e i el foe e
aosreAl 9 wresrea e, s 9
TUIEATE IYTRG 3Wd. FUHE 3TEaTd
FIEUEE!  Hie ST R SEUR
(Policymakers) RIEl g B HETHT 311%
I ITEATA (Assessment Report) IR
HIOATETST 3T IR g e fasawo
0T, TR ML G ol F e
el MUt Hie il Al e M
fafaer Soridiel s W@ 9 ds9 A TEdaEd
YA Hd 7T FedIod! 3T, ey 9 eIl
T IMRd. TRUhcA A=A JTdTeIld 0 Y
gfaffre R,

gt

T R¢¢ d R03% AT Hled IFAHHN T
l-gc'qieh-i EATA (Assessment Reports) Tftrg el
ARA. B A TEUN  SNT(deh  &UES
FAWMTE earal fafag 3t Sheien = @
e GHIGY AT SWIE § e SRy TR,
FRUTEH R 3TgaTa g g Mesensh T8 Qe
frepd 3 Od T SROTRAT ATt
qUUEETE ST A geaged  aTgul
SO FRIUT SaUaTETd] SUTHRISHT StavaTaret
EARCENCILE

graal EdTed dIR HUATe $HMH 033 HIed!
gE IS 3T d 030 AT IR BISA. &
IEATA TR g B

g oA §E UEEl STgaTar dredE
Wt g feem IR,

ufget e

gfgel 3TgaTa ¢’%0 HIAl TiHg oAl A
JTEATAT TSGR ST Faeiel I 3
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TS SATAYT A= SUTRRISHT v HATeE
qeed  Afee® fag=m Ha IR, Ime
JUATHHEE a1 rqwgE afiden i
HEwTEl i gaae . & |t Tus ST
qUAHAE § e VAT §aHEIAA  Sear=
gftory il SATET R 3R, B FEAT dIR
FHOIEEST TS 290 AT 9 dsad I
THieTeh TR %W hel 3R

SHU ARAr

TEU STEEE  j]u e WiAg  Eenm. @
JEATAM BRATEI a6 SR 37 HS
AT Tdd dTed TV seerr=n 39 fee
. ENaeag=n =t wror 3 9 %
HOAEEE U™ Td TYHT SHHRUIEE 13-
Telt RN TIerhic? dIR shell. ITETS! FATTOIR
amft a1 EaTed gEdell 3. JUATHEHEEE
T PR GINEATHS  SATEE, =T
frspufen @ goAmEn GuEw AT ITEATA  ITE.
HIYROIY 000 IMEHAY o dexl IHT & 3TEaTA
TIR OIS 6T el AR, Yoo wi@eh 3T
%000 GHIH ATAT FT EATA AR HLUATd TEHTT
A1, AfEed SgATeTIe GH= STEaTArd Hewrii=
T e aedd fegg 3.

foaw srgame

e e o0 W UfHg wenm. W
JEATATd gAHHECAT™T IO 9 d UGuImETst
38 TS Wiehdl AR R CUATd  SATeIe
AR, IHA FEANHECATIE! HRUIYT  STHOT=T
HEhT=AT HISUaEd shelel Whid FHTY HudTd
AT IR, A FEIAAGE BRI
YT STRATETE1 9 HidaelT= SRAE =l
TR Irei=a SR (Task Force for National
Greenhouse Gas Inventories Programme) BEIEN
Hell 32, BT 38T dIR HUIEE! 900 AT
T ds3, oo TGk TN Looo U A THI&Th
I FANR ANl 3R, AT STEATIR
FEuriE JaTvr dTeciel fegd AQ. gamHEECEd!
A BEA8Y TETEER AT AT JT-ehTHEY TehAd
T

e rgaTd

YT FFATA 000 A g e, 4@
ITEATATd Sfeh ATHHeTE UGUITETS=AT RIel
A SheledT SUTFISHIR W feer R, ame
BATHFSCATAT ATk, dTfeh o HIHTSeh - AT
i el Hdell 3R, g
SeATa=A] §ooo AMeh oR@iEl e UFidied
FAM TSR, HUTesh AT FHIRT  Saciel
JATESTET AT ITEATAT FHTIIE H{0ATd IATeAT 3. &
AT TIAR AT L 30 CUTAT AR ANTEH
A 3. ! 3000 IMEAH, T, (00 HEh
anfor Ruoo T I TEUT ITR.

STAHTE = <o ST ‘00l HTATH
Idd=l Aoe qUshR TR st smfeee
YA 3T MR AT FIFITO! TS HL0ITd ST,
B R AHaHHd  gamHeeeaead!  aTfedt
AU AT HUTEAT IUTIT IRt Jrenet
feom e, s ST 9 dssH SR T
TNYT eI qIR AT 9 ATHSEH AT B
IrreE foot B0 @ Jai 91 Qe e
ANTEHehd TV STER shel BId. AT GEA B
TS INEHE e IREE T qreaet

Tt AT

Ul HEATA R083-20%% ALY UfAg FATeA.
ST ATEATHT 9 T =T ITgaTaATd GHTT Haetl
grar « Feore 9 gy gide et
Tr=ITuTTer 3TUt 7 A AR A, qree
HEATAd TSSNU AT qHE o hRNTE=AT
TN STRATET=T, e fsehsi=n 9 =
FEH AT AT Foal 083 AL Ufig
FTAT AT HESTUT g Aleasil 308y AN Ug
AT, hIEASEST Al HOITEST BT
FREEERE 0%y Hiel=al Uid IMfd T
Y= URNCHTS! & THE BT URE SHUrErst
AT mifEdt A qreN JTEETed AR, 3Yo0
AT, a3, (30 W@H M Jyo0oUed SR
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gHieTes I 81 AT dIR I JeH 3R,

TETE STEETA

TEMET JEATA R0%¢-302% WL IR WATA U1
AT, AHFA  SeerEsel a5k, dibes o
T - 3T Afedt QU &1 STeaTd. e
e difqwareia uen s ufger
AT ] M Q038 TS AfHg oo, qiomm,
IR AT FrErdar a1 fowameiel gau W,
FAMHMECAT Y9 shogmEseEr fagn wmr amfor
G5HYU ITEAAT FAT AW 03 LA Ufg FTed.
%Y UEME1 B 3@ %¥o0oo SN

HH  FO, I R0u0  FETREd BT
FAMMIAG SCaAT= Foid hal I ST
AT TaTgil feaT 3R,

I IEATAER 38 fiog el 3R A
fspameherd foya: gftarTea Icas @ s
AU @ SRV 38, JTEST Jd Eqel
qAE SUHASHET O TWod 3. dIHHETe
YEUEERER dd TI  desdls ol allal
qUEHETE Bad 2.4 o R feift afcasm sadh st
SO IJE IR, & FAUNGH I a1
EAMFECAT™ Heid $Hol AN HE & SHTi
TR ATHT=AT, TSehid I d |

sefrEYTeR ARG AR, JTSITH Yo 0 oY SR
ITEAT, T, <00 T@h ATV 3000 THfiewsh Ir=
B STEATA IR HI0ATA g 3T, AT STgaTATed
94 SMEAH AT feeft 3R, v el
FAHHECATE HaGuTaSIeh Higd! <O &1 3TgaTel
EAHSEAE AMHel fShaTehelld o g&dad 29 g
HU AR IO THHAd FAHAT egiadl. SHTfdeh
AT SEelTd TSI STUTERT, J0d, SaH, =
2 forhféra o1 TeTeeR 31Med. I gF HRO v
I YW WSAT YA BRI @S SHATR
WWWWHWWWW
ERATEa IS, A1 gAHECHTET Fatd ST
Hehl ISTehICEE ST §Hd 372,

qw

AR @d A US| SO
OIS gamEeedra fafae 3ETHT el Samae
9 T GuES a9l AW AR, SR
FAN VTSN, sy, oi@sh o HHIehE IneH
AT 9 BARI S3T-eh INLHEETER UG a1
JTEATAHT R4 HEH UF=AT AT J=ral
feoteft 3mR.

geefi=aT QI dTe, ISId=AT del, AT,
GEhIcs, ThIATGe, S% fIdeyl, FHg Yasd dTe,
g fRaT=ale 3 SEUAT gSUATET e,
TG dTecd] ATARTeS his STASTFETES
I ST WAl HHI B0 9 SATfeESE T

RIS, U AT AT TR, 7Tl
JUAT R Had  TERY  IURTAT  HEh
IO, ATEST g d UST  ITEATRISK
IR, JEAREEH,  foeyERe, e
TR, TR 9 @Ienit T, Serfiren Tt
UETHR U TIam=ATTRId A1 g R
T T AR, qE I gEETE fd e
ERE U I
- e IR
anaghashiralkar @ gmail.com
HeH
?. Ahrens, C. D., Meteorology Today: An
Introduction to Weather, Climate, and the
Environment (12th ed.). 2019, Cengage
Learning.
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3. Greenhouse gas effects, Wikipedia
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change, Climate negotiations: more than
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Iberdrola, 2026
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HRET BT AT Gl STl Teh U
UTHh AR U dl TR TehTeiiayeh
JIITETAT (Optics) YRAdal dd ITFd Th
g, WA @S, dEAE  3NH, g,
HEmeEch, UL M I;HE Ik AW
JREITET IS JHIUMEE JT9X hefl STl

M SR YR qUEdATA qeaTal
i 3TEd. THTIfRTvl TETEN T[S ST
IUHER  JEWFTEX 9edld, degl d (afHauo
TEUE HRHT TR SIS FUTE T TS
IEHTT STERIehd] 3THd. RE TIR HATEE
I T HE GOelt WA, YUH wEE qrd
JETIH T ARG Il SIATd. A =t
TSl A HIBSIah ohefl . ‘eh‘l%?ﬂ 9,
da fohan 3@ ITIgar Ufgear wfdafesm= Toraan
Ft gd. @ fomiy TEfe g ArEEE
HE YOO TS kel SId. URUN dgdime
Wwwaﬁmaﬁmwmw

DRIDGIHAIAIA fdsitet o1
a3ISilel - M9 3

TS |A1E 3TRET

I . A1 gishen faeatar 38 UM, faeat
TSR AT HEEAH el Jie=n Ueh
uTdes o (Ferrn) ool Sa 3E. 9l yehm=
3IhY T hid, e Wfdfae T feud.
gfe FAREHE A STENES I
e fufrerman amr e Srdt. fata e e
WW@&@WWWWW
A A3 A HIEal STHT shedl SIIdl. & Jisha
s amaN, fewrast snfor feers 3w,
R 1 AT 2= TR0 HmEre! foamy
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T = TS FTed.

AT AMATS ThR A, TUE AHAT
T AT STl US| AT e JEHE
Uigsl FUTe 3N T[S STl TET STREN.
ThRITAT WA= deael e S =Teld.
YhITHLOT TUTE HARIMERL USdld, degl Tt
(IAHET BRI HI9 0T Wadd (I 0T
S THFE EAl. I EEIEE @ qEtad g,
S AWM g Jidee e foad. ure
JRHT &M HIcaTeh, s MM FHAT T
e A Saen Aquer fega, foawms
AT T SATEAR 3THd. T TRITET TR
e g iR, SEde oE, aemedd
FE IE, T g 3 fafag At
IR heAl STl GieIvT, HEWGIIh, WG,
uftesf THREn AT SUSHTnEEAE  Hute
AT IYINT ShedT ST,

TRHRR (M) A

ST SR WEds JEHT T TgT 9%
FEA!, AT ThIhR ARH fham meflw mE
TEUIATd. 8 3TE TehISIfehue TIad ohied ferfaer
yhrl  gfafes @R w@. @me  faee,
ITRITEH, ATEeh, BRTEAT I G 7

THHN AN q&Ia: e YR HARd -
Jddsh ARHT AT slEesh.

AT FSATGIHLN M TAATSHEAE 3Tadsh
SR 39T Shefl Ardl. feemen sea Mmfisaes
STTH TRTIThLUT FHIA TEITT & SIdrd JAToT
(2Td) ITHMHEAE 3Tddsh TRH IS ST,

Figdsh STRATET TEdh JEHTT ST SISl
PoieT  (Seften sTedlel WrTEEn)  3@al. A
JTRIMER JSUTR JhTTThT0T  TIdHaT  fergtaTa.
e ATl THR ANET 378 FeUiard. fgdsh
ARET gl Wes, EM M Hredtes Hldfe
TR Ll

Sifgelsh SRS Felid Hewel= IUANT STer=l
HAfE 99 STRMHE TEUIEE] shell SATdl. HR0
@ faeqa &9 qrEEdl. ST AR STeE
Fifyes wm fegar anfor areq =rotan, AW A9
sifus gUWd BId. ghM, Sebl, TEM ST
eI fowhmlt cEEETeE! afgdsh 3™ JroRe

NSITdTd.

3Teish ST G JBHT SATaeT STSel
rhotetl (Sefiean SATdial whTEREn) 8. g
STETTAT THTAE IR YehTMhLOT 3Tdeish STRIEE
AR Tl foger ThA IJam. a1 fagen
gt 3@ TEUdi. Iges 3iddsh SR
AMEN SRET FEE UG, TEEAl AdEH
ST TIHHER 3iddsh ET 713, T8H,

T HIAMT fehal HTET g TEUATETS! AT
o= fORY RIS JAddsh AR SUINT
el ST, RO =l AT 3Ta=an AT AT

TR RIS JIWTEG Hlal  Hgr=l
GhoUT AATd. SRR HeAfeg Yel, M= hgleg
Tohdl chg, ATV Y o Thdl hg FHT JTSU I6T
&I 318 U 3@l SATd. T&I &Il FHIH
foRtor TR ST feiger WA Aard fepel Teha
I JEeATET WE B, &1 fagen At wurar.
ga afor aft amefid i afim ST v
BT ATd. ThIhR AR sl ToTaehl ST
foaes == il i@ w3,

gl fosmT SshehR TR fowy wEw
HRY ATUEA AT AR, AR AT TR
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THTHT TH & TR Teh HEwqol
YA SRE A foRY WHgS o SRRt
e gyTeioer ST, e At Sfiaa it
ifeqd, ARiERt ST SSTfHehgeen d SHuTd
I GI3 AEE R, SMYHF dAHgeS I
IS I TR B W ;S IR,
IHAT I HANE IR hel ATATd.  TIIh-
Fata ameft @3, 9w a 9EsE A W
WY dAET AR HEA I g HARH SHa
SITATd.

1371 (Lens)

gfevft, gergeieh, S T == i q@w
HoAEE! fomy 3nfieshel S ATl Sd. 91
HTel TRERAT M TS Add 3T
HOAE! =T S ST ST ANl
Y TAGR ARhA TSI 3T =it
TG F&H T T80, qeal a&qel e o,
DA HO, SUHT  qUHAT w0 T
IS Tg-aT=aTel ATH HO I T ST

e s smeen 3TRd. e Y 7 fagm

N
o
A
B
B
SIS ST

T qEAFET SfiEETde Uk WEwqu Wy
AEAT ST,

i o= @ e

UG USIATIET TIR helell 3T SehTRi
Heh, S UGB HAUadd e o=t ez
Seordl, e ¥ rguard. i gera: s fohan
forIy YT UREETh WTeshUTd TaR shel SITd.

firme @ THETEAT  IMEdI=AT AT
MM 3. SRR Tehl HILHNH Go=
AT J99 hidl, degl Ir=l o7 sSeadl 3
A3 o dTehdTd. TSROl aTehvaT=  feum
HIEH=AT THINE  Oder  Jaaed  39d. AT
FIERKIEICECRE R LI
= yeRr

i geTd: 99 YR 3R,

<. El‘%‘ﬁ?f i (Convex Lens)

77 T eI TS AT T UTdes 1T,
S A JANER I 3™ g,

JET 3w f-se (Magnifying Glass),
HH, gfeofl, FEmeeich, Mo AT hefl Sl

3. A o (Concave Lens)

37 AT AT UTdes AT el ST JTEdTd.
7 T seprerfeRton forgad. =M e sraEd
fim 3@ wuEm.

I I GBSl gEN  (Myopia)
QETUIEEEA  ISRNe, e dwe
SUHTNHE hedl SATdl.

gl i e HEURE TIR hefl STd 37Ed.
HASE 3= Tl IURWMHE  faRiy T
ST I heAT STAl.

firmedt aTweft Sm=n sl SR wvS
IhY URERIhAl, ! Yehrei feshelt, feemreamum,
IWAE TN,

% & :§
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fim Tam wva=h ufekan

3= oot fafaer, R, siegfutem
HATFETzE AT 3R WA I o 9r &
IgAT Ad HewTd! 3Ed. fomiy wgamed guoo
319 dfceaw fohan g Afaes arawHTeR fismr
fadesad . fadecien Tqumed o 9898 T8
T I fomy FrEst Haett A, fadeeenn
e AT JThTAT ATAHE b hel
fhresTetett e quivsl 379 SRR THd. TS
gt T greae fa=ht aEft sheft
A, I Tehael e, STEl, =& a1 HeehEl

ﬁg#«naﬁmuﬁs&g@ﬁmﬂmwaﬁw
TSTA HAMT THHGR Sdl. (TS SRS,
Hefl S

snyfieh dEse Prfidme o et
FUELE HIH YUITSli=l aTR hEd 3d 3T
ulieur el WA, Tvre-fta wefe fren
AR TWISA  Thdl YgH  Hidld. el
TN e Yo WTE WIeEe ST
FEHIU HA Ad. T TR HEAE =
TUEHR IR (Simulation) el SITd. Y3
S HH! FATd AT TUTERT dTed. SATTTIhATHR
i fafow yehr= wXeoners o) foot Smam.
3iffe-frwifdess HIfdTR wrada &t &la 3o
sy firmqd UR gl Shu-ifec
sfefir Teeror o gten stfodiar femcomamea
urft S ges st faeked. gfedy gumuETaTd
fpren gatfs aoR e STl HieTge 3
geueseprqy  Afagen  Sfa, et smfr 3
TRV SIS ST, Gl ATEd g UIE,
TR 37T TeRTIETT e war ad. TEreh,
IEATHAT 3TV ST FgrHsvmeht Jrame Jeehi

IgRTHE TP ST gl SR s
JEThE e IuRTHE fFE wEErh e

ESIERIGH

IR TR

B Ak o AT TRh e Tohal
AT R AT AqUTEd SHetel! 319d. I dqued faga
Wmmﬁ@mm(htal
Internal Reflection) 3T AT aeemer 3UTid
Crcr A NI o B 1 e G e L G S

Ticfiat 3Tgesara, degl o SR F SATa1 "ad geal-
TRl e gid 43 TeTH Hiard. e TehTeme
Sl HHT T FAT HifEd ofie STaUdd WarEedn

Afehe ®EFS M TgUhdl & &I UH
A, oeR fohar ToigEigR fmivr sieten g
FRISHYT TATE hidl M ga=AT el i I

BRI THAEN 3HH BRG AT,
JmeA Il ITeavaTel 9T 3Td WEd 3TEdl,
forderen e+t Brar, foe@ g™ e
gfemg ga ATEl AT Hig=n yHIong Hited! TR
IeA UrSEdr Ad.

HiaTgerea BhiA wra
e fefseat Jma mesa Wi g1 e
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e S0 A5 A WU e BhiF. AT
Y[ AETe=a] Bhidala Hia 3T 919,
e ST STR@eaT Yflius 319d. a1 weiegd
e fffdmm srengfes fosm snfor desmaT=n
HI3T a1 TR,

HISTEe BhIAETd! IR SR = & |
T s gy ATt 3d. o fae yehr=n
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e fafire s s, @R ween st
HaTect ST feehTHaun wTe Bral. A1 e dTehg
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IR SR SEvTd geaatt Sid. IT Tfshaetm
FHEAA TEE DR AfeTH AR el TSdrd
T == S WSS STRRE WERRE  3RA
ToR HATd. HiSH AR hie=al IEHTTER
gted qmr fmfo g, =g s ag S
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Clown fish and Sea anemone Hermit Crab and Sea anemone
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THHBARET o6 FEAT @ ¢ T Fel 9.
HIT HU hHl TSR Bled FATd T et T8Ths
foehic I3 SiaaThgd URU ST 7 S HiS
T T AY I dUTHU He ANTAT T
Td [HiEY Tl SEAel i S IO shees
3 Tadh W 3118, & SINGLE WINDOW SYSTEM 3718
T I WA qUTETT BT ARG, FEl @iEE
MY 3778,

AT aWRY

Siteifgei qarell, merdl 3for

uofidi (smsr1 2)

AT YA HaTg FTgmE=n AR o usfi=an
RICIFRICEI R QEFa‘«Tﬁ?T (unicellular) &g Ad
g agasﬂa (multicellular) &Sia AR 3T
- (acellular) Eﬁﬁaﬂ@ 3T|%‘d 3T5ﬁ_&|T,
Aty 3 ﬁrﬁ!‘lﬂl\ (bacteria) 2 THusfiI
3TI%?L ﬁr'ilTUL(virus) gl HA-usfiI 3TI% W?‘ﬁ,
ot & sgueiE 3.

e WedTell S g2d 3R 8 & Th
TSI head il ? TgUETE TofiaTer weisd Sad
Ul AT IR Teeh usften fa=am ettt
& USd 38 8 $hdd ol ATV Hhadd IHA @
%Y 7 fauroy Uil oM w1 e WiedTelt S
Ugd TR 8 Thedd 7 Y Tsh AT 3Aeh I HT2d.
ATATEd & q8d Jeid el oi@m|ed 31mqoy
mifget SO SATEN.

T Uftenr fa=am siedrelt =gom=T  3mfor
el 3Ed. Tofla Uiy aeadi=a s
TaEte R =Te oA, RfviEdrere
aftferdfigEr e Tt fshan =] e e gar
I B9 UMM Hgal Ul Ased. IMIeT T
ey TR #E UEd d UiSed T8,
P % EL

) R d@d degl :  SEuHal  3AT9edn
gt (soluble) TR T¥R &1 31T oY TerdTa A4,
TR G SHI JTed. Sgaeren YeiT &
TFAYEST BlATd IHT Shedd ol TG qTaest
el TR, 7 B USh SfeH TR HEA o TR
HIEdd. IHAUSET Hedd hl ATTCAHEd AT

A S 3R, ' TS THAU YerIe
TATA T T Uefi=an STquiTa odrd 3A1for < osft
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ISR hF T Al GRE=AT

Pancreas Body cells HH-STEd  JH0TE w@ﬁ?ﬂw
releases take up more . ST
insulin. ~ glucose. (rdl fafsrg) usfiar gra amfor o

i Liver takes

up glucose
and stores
as glycogen.

Blood glucose level
rises after eating.

Homeostasis:
90 mg glucose/
100 mL blood

3o foham TR TR LA,
I8 HT M 38 T TH B
AT 1 usht I TR
oft, eIl e 3T
YTl ST 3T <l Adie.
T ged fSamvmeta wh e
U%. THNRET HA™ @ [amg
AR, (AT A=A FASATHE
&1 Ugareh reum araar 3nfn smaeer
¥ SovEa <Uad T 9rel HIdT
IR.) B ] wEeed areadr

Liver breaks glood gletincose level ATAT 1@%\:—1 fepar g“il& a%II c—»Tarz' ST Il
ﬂ‘f.:::fglglg::eg.en rops below set point. i a?l'l?[

7 e deee faaed qa

Pancreas 10T TicTerels &I ATE=He hidl. &

[ el foraemadt &1 ey TedeEmEss

6_;) e fat (Enzyme) SEdl.  SATAT

' Toa 3reft 1 g1 ey 7 fae @ren

. s gret feeft 3mar sHaqr AT

TR ORI f5ha SATIETe 31 TAReSH &l
FHeTGHEE FUTHR HA. TAFDGH & g
JE T Fhauefi=al STed AT ATl e
fogren grE@ yHOT HH B

UGN T T T, ITTe IR Ui
qET FIfH Hedd. B USHUU TTAA TR
Usfiea 3Td U gEAld  hdd. e @l
T |G JHT0 HH .

R) WTER wH i degl @ TGS Uil
I WiadTer= JET HHT Sel 3" FHE 7=
BId. ST 1 Ut TehTia ATaT T TR e
TidETE SaTd. IhAausil dTected] et M
BId. T Thausl AT @ diedciedl AT
TSN TEEE fha wed fagrer @met
AT o UefiaTet WA Hiedd. Wi g

T HTEYIRIER dTed.

Tefehiel feetl STHar ATdl sHad. Jae
Wedlell @S 3R & FHHaE d e
TogeEaEes fomt aadr. & ey e
iadTell IV TG 3R, Tohlel i oo, 7
ST B3 91kl
ey wEEn stewEam 0 Semme
TehTqTE A Z‘ﬁ'r[ 8 faweH (Binary fission) @?n_*f
A EAET AeAT TEIEl T TR HISHT
HOIT AT 3d. & chorum sensing cope)
FeaE d ey #E fafie anfes Sd w%
AnTaa - o® 6 fowfafddt (toxin production),
e v "afed awft wqgT=n WEI[ 9@
(biofilm). TYZAT HIEHTE HEaTd  HIUATETS!
frmgER e SRl sEd T s 9l R
3R,
USUTdGEat FH B0 3 TERS  FeAmhd
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USd Y AT AATd 3N . T ITedT Had
S et = e Affshaan afom stEal.
TRUH STET=a] ARl AT 30
SITOT SFETE AT, (GaaT WTer fehel wRTforaeri=
Tadter It siofte feemeatan feeft sma Al =@

vacuole
cell membrane

nucleolus

nuclear
membrane

DNA
material

nucleus

cytoplasm

mitochondria

A drawing of a typical animal cell
SATHAT 2

o, WEAsTE e fowa T TmeH
StrermeThs foameff ey gal. 3@ faemelf wa
W HAET A IS0 TRdT 3T9d.)

Usfia Wiadrel! S 38 g USiT hadd all
HE? T T SIS AT SefivaEs et T
U3, AR ATHA R UL

T% U @ Hn v usfiaed (cell
membrane) BF. USfiET TEHYURO STHR RO
IO EeTeT BT 3T TSl X T &l hias
TEUS U3 O3t e, B UflEm 3Td HewaEn
amr. usffen srdiar s snfor SR v 3
fourem 2 usfiveamge &fd. usfileam atmd wo o
¢o Tah UM AT gaderd Al =@ geTed
usfiged fher  WefiSfloged  (FREI<Em) 3™
TEUIATd. N USfigaTd WIEEIhiigan (Mitochondria),
U3fiehg (Nucleus), ffedept ferem @i (vacuole)
Y T e U UsfieTes (cell organells)
Jard. & unfieTThggl fiveaaiE qeam

AR GO B IHAGG] I I AR I
IR, UTd & ITTehTET S8t Feursl Usfi=n 3mrdier
am hl Y Unflged 3. IWE Teudr Ase hi
Thd Unflehy 3TEd. W TG, fifdet &
o @ o Ui $E S TRGIER sk
sfush  JrEAId. URfhgme URfRl I
(chromosomes) 319drd. U3figard &I TR
R, foet (Enzymes) 3m@ara. = fafay faet=an
Tedia Uit deae e ety fshan
FEArd. Unfigamed Hivrdt fomt St sEEia-
SHeft FHTET 7 UefiehaTdiel TURE SadTd. HTET=A
Uofimed 3 TURETEAT e SREf wE TuEd
JHHATd. aﬁwnﬂﬁﬁmv@mﬁsﬁa 000
fafay FRMAM TR AR 200,000 I (Molecules)
FEAd. Td Gollg U HAGeUR  TEEIEm
(Ribosome) HAaqd tl%r_erlﬁ ERIEHED 3TI%, SoIE]
qea 1 A TR (Protein synthesis) B
IR, TIEEH g USfisnTe de ueaieiiEd (not
bounded by membrane) O, TIEEM 4 d R0
T =EE MR IEdd. usfEr o
HIERO: %0,000 MM 37&al. fSamo=an wer
U3fid AR f400 T 000 TAE UFSIHM IFEATA.

UsfiTed = USM3TTehTe W ST Tusd
3.

) Usfleam 3md Imfor @rer & fowmeft
usfiUeeed &id.

R) Wefluearen THE® wWHYRd  usfe
AT g ST IS Iehd ATRId fehal S0 g
e dEst S ATer.

3) arRfe sfiferd= @ S asfiaeen-
T THRIeh ST IR gall. Taed o8 al
&L M BId 38 o USfi=aT Ta9HTd hosavarsit
LT Tl TEUN Tl TETfeh Sfshamed st
d BIHR Hial Idied. & TSEAT TS sl
G AT w17 ' uefie FHfgEEEe Afadt
U3 @A e W,

— 3T, TS JTER

writetodeopurkar @ gmail.com
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=

TEITI U= Tk dTedT=l 373 A0

3Mbs diedid - €
m dIgelIl ‘SIedGRAcI 3eid VIN

A ANTIUTRT

qu, §R]4o0 AU ¢RE0TAT TWehId Ik SHI

AT Ao Wida®d hidl. o Wieal 3THAHT
STEHTEEA 0 T BT AT AGUAhd 3R,
ST RTO A I Hie ool A AT d
HIVT TIfThdlcd 318, AT ATfed] 9. W]
T eI HAHRIAT daiEA= Tl AeE
TEUT Id ATEl. RO, TETET el J9 Wi
Jeeell, ATE gE TSATd Teand e, fohar
T QAU e, T T AT g S’
3t gearE ? TEEl M T Teft for fo=ht
T @i Feeret, Tl d 4o e AR § A fig
HTA? AT JAEN I ThHT foRIT  HAeEhmEA
J9U fhar aigw@ VIN' B Hehdi T®

A=Al Wdd  IMSEEe fafis aewyuedt
forshfira v Yo & Hhel. $R\0TAT gk
AT T¥eh dT8d 3dIesh U+l &&d:=a1 9gdid
e NBE HAh od . FTHS T
IHh AU Id. Iergwnd, SHAdE wEmEn
IETEN, FAWEE @R, fowm g 3
AIEATAT GATATTS  qUIHUAT  ATETS]  ThEHH
STfereh JuTett= TR i el g6 7Y IS0
3780 B MARUT A foehfid hivamd 3TTel. 1
HHehId 978 3cITeshMT Ush &W&dd STTfdeh 3T3E

IEAEE] ATTes 3Gl AT af heft seetar Iq
Tal.

ST 3791 T&d4 31166 ShHTh VAT ShodHT

TGN HEATA AT HISTad ATl ATl

ST CUIE] HehoUdl WIS 3Tl 3@
9R¢mued  IARdd  TIMd  ERE e

FSUMELIA (NHTSA) 31 TE3H THY 20 31eR &
HAThSATE] AT JHAAT JHIUIG VIN Hehdieh

gs=a1 Erelt STeTeRT=AT STl ShHE gadl HITT
S5 eitasaT gean wm gfefar Soad (S MEAAe)

AT FgE
CRATSITET STTH. (3Teel M)

VIN I3 R 31 ?
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THHRAT. q& 1SO IT SAWTYA TThIhTuT HEATE
2l ugd wehielt afor of SR y=fda reft. 3
T T Yedsh WICRATEATAl o auri=n
VIN feem ST, @gmomer &1 Hehdie
MA1TB2XYZLP123456 3731 To&q=l 3TEd.

VIN B ‘S1f" shHtes’ 31 A1aH J=fdd 3178,

3cITEeh HUITHR Feld. IeTeved, TETE g
VIN Eehdish MAL1TB2XYOLP123456 3TET 3@ ™
MA1 BT IT&T=T WM 3T SITa&A d JTe- JRara
nfggr 3 Afdgr HUHA TR Sl AR, 8 THANC.
JHR FAAA TB2XY9 B eWh U ‘d5ehed
fefeper @w™’  (vDS) B, I@eAm  TB2XY

agﬁiﬁ EIREIELD) sﬁvrvr HATAT W, S8
W WISOI{ |°|S{~‘9h|"|\f|°|oé CIRGIR :ﬁfuﬁ
THTOTISTA (RC) ; d8< {1 AUl VIN Hehdieh
fafecien Aesdl. wTEl 9T &1 Tehdieh aTaT=AT
UGl JTEATSAT AITSAeRggl hiReial  3TEdl.
IqEE fohaT  STUETAERE HeAHel  aTETEt
INBE TeIUATHIES! AT el WEwTel 3Xd.

VIN Gehdiehrt =1 faemgdes shoefl 3R,
VIN 7&d 9 Hewer= 9T 31Edard. Yo T faf¥re
ATfE) STITETS! IT9eT STdl. VIN =7 gfgdT Wt &l
Hqhea® SIS (WMI) 3™ Gaigdrd.
Irefier fgelt e AR areAr= (it shiorea <o
anfor g Seft 31, ¥ WA, AEd! g
cumaTdt fafyre 37eR ffda e quama streft 3mea.
IerEnd, YRATETST MA, SHAEET WA, SOHETd!
IT, efaror SifEmEEt KL, 3.

WMI At foa=n TomTeR 3tEeiel 31eR fohar
3 Taf¥re Icares ot esiadard. Ierswned, wmi

Hehdiehran 31 Had o faf¥e sudfiam aea
T, 3<EEnY, TEEl IdehEE! ‘T RS
suv #iferest, ‘B’ wuN fege M, 27w
2WD ET3%E, xmﬁﬁ@@wmmv
o fafire afea sfeie /@ o/ wehdl. W
TEAT HUAEIS] AT HehdihrEl Y Bl I
ITehdl. ‘RSl (SRl TR TET (VDS) et
% 9 B USdleUll HHTH 3R, IET 3L VIN
WY B IEAl. FEES! Uk fafym wford
UgATeiugd ardiell .

‘5l TSfEhel UM TEfiet Tclieh 3T&TehTI
319} IATEh HUATER TSI A T T T
TN HME, IET 99 HENHd AT T4 3%
Jehdd. TES, UEEN SUydH 03y AL THh
TH. ., . SN 0. &= Hisawed Ui,
fegiw, srfenifess, Hgarer, 2 USREM IrHoied, &
T3 3TECICl 3T 3feh e 3T IhaTd.
HIIhg T ST AT VDS Hehdleh feett

T MA1L 38 R AfEgT 3t Afdgl, MAT 318 @
212 A, foha MAL 3/@e @ gers mre (3feam).
TEUSE VIN HYe Ufgedn diF 3TefiehTas, Feue
WM & IT87 hIUTeAT <2MTd ST ShivTeT IcqTeeh
HUH TIR el @ B THS.

WMI SHHTHE ded LT HIH  SANT(AH
TR FHNhdIA SAE SIS & HEIT hid.
TEE M 98T 391G hUHIAT dTed [ash|Tet
FORTG ITE STHATH T HUATAT TIH IAeehd
WM HehdTeh fieaarar @NTal. a1 Jorefiges STier
T HIIHET Thg WMI et fear Sa AmEl.

VIN =T B WA U ¥ d { TAHTER STHere
3R M 3RS, VIN I &1 U WW TRsehal
fefeper 9w’ (VDS) WA SMe@al Sl AT
ALY STeATeT TR, Sidl &3, Sl YK,
WA,  AISTHTR  JERE  Hifgdt
HehdToh=aT TRUTd fediell 3T8d. & Alfed! e

STAl. WS VIN Hefied VDS I&A ot 3cdTGeh Shu1
TEe e BT e 3R, A v
THRE S R, IV GRS SHeee
3R, Hvrd Al IuRwTr R € wifad
SE | W

o, fIshl g% Hheamd HE HeH darEd
A e, Huen M arfgdt 3R, 6 a1 e
wad fafirs digomedw R, a1 Higa=A VDS
eIl AHehl HIU dEd WA SieEE=l @
ST’ TR,

VIN Tefiel Sgee 316 Gohdleh  Ueh Haical
‘TEghel STISICHRR HH (VIS) TV STes@ell
SITAl. VIS I8 T dIgdA™ 3cdTgH EFST, RIS
HREMT T T A (HfEa Ta) &
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el IR 9aR (VIN) T i 9P

MA1

TB2XY9

LP123456

Vo

JRHE
(VDS)

IISCBRR |
(WMI) '

ifect THed.  TEUNE, VIS §o8 Uoeh dTgdTe

R
G|

| HISfCHRR TR
' (VIS)

guie, =€, IO, ;M AMATAT  faemToft

wWaa M@ [ el Jd. T HudA e
TS ARGl ST TIR ShedT T, T Tdh
AT VIS N1 Al IS TS ThEareE

AT HREHES! AT Hehaer fead .
e HUATAT I GASd hl! a8 hivredn
3ITEA Shaldqd STet USd 378,

VIN Hhaiehmed $3 d 2 AT TAMER JTg-Tal

T 3RS VIN HehdTeh
MA1TB2XY9LP123456 3T ITdie LP123456 &T

IIHATH TEUNE Tl d9U srEdl. u@mEn
HIET faf¥e Afed=ar 3[® TS AR shedl

VIS 3T8. VIN HehdlehI=al CEledl T 3o
R Tohar 37 o S8 SV Hise v AR,
® o¥id. 2%¢o Wd- A, L¢3 HigeHEdl B,
JIER 000 HTAT HISATR! Y, TIHX
20021 TiS@HE! 1, 00T HisAAR! 2,
T 00T HISAAS! 9 I ThR HiseA
uiETet 37k fohal 18R 3@ ST, FHA =1
A I1 3 B A & Tgdl. AHe T 37
ATEAMT ITET=AT 3cTeH ShlcTae=mal fomm san
AL, 3T 3TN L7 318 IHferfigan
%R0, 030 Tehar Tl =shrdter oY gutedr. =
ol s wel My W& gaet difes, i
e Aied T IaATed I AR I,
IehdTd. TS VIN Heftet a wguret S ‘Iedre
a9’ JEeE W AR 9 Hisd 9y ITEd.

VIN FehdTehT=aT 8 ST T 3THTe A& o1
e ot Ay fSemma 3dmed e
HREMH . Igretoned, qor, A1, =ehu,

STaTd. STaedl gfgedn e 000001, gaden
000002, faadem 000003 3T YR ITIHATH
feem <.

VIN GehdTehTied Taerumel T, 30 9 &,
¥ & MW AUl A ATE. HROT, O3
ITHA TH, I IO GH A IAThSTERE!
fegama. ama vIN fetfearn fhar ew wvtamn
BIUT=T | bl T3 ST,

T ATfEAIIET VIN Gehdieh e ‘wmfeg e
T HEMET 3R, & &5 a&d I3, VIN & Th
TR FTEATET V] SFHERIAT STHeA @ STEdT
Feter formmd fordt T@ier 3R, I=h Sofie 8.
YA SFad=Al S 3H & o SHedEl TEad
HFE T, NS ATIIH VIN Hehdish & Tcih
AEAEE! Teh Wad ASE AT,

- A ARTAUTER
(forsrramss anfor Sterfores wgmR)

https://hemantlagvankar.com/
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In a major initiative to make
waste management in Goa

more scientific, efficient
and environmentally sus-
tainable, Chief Minister

Pramod Sawant on Friday
announced that the govern-
ment will set up Nisargar-
una rapid composting units
in a phased manner across
all municipalities and wvil-

Rapid composting units to
be set up across state: CM

NT Reporter
Sankhali

Chief Minister Pramod Sawant, Bichalim MLA Dr Chandrakant '
Shetye and aothers seen during the inspection of the rapid
composting facility i Bicholim on Friday. sVishant Vaze

lage panchayats.

To ensure the projects be launched to promote
successful  implementa-  proper segregation and col-
tion, the government will lection of wet waste for con-
organise hands-on demon-  version into high-quality
strations and specialised organic manurewithin 24 to
aining for local self-gow- 48 howrs, instead of dump-
ernment bodies. ing it on roadsides or send-

A statewide  aware-  ingitto landfill sites.
ness campaign will also Sawant made the an-

nouncerment during his in-
spection of the Nisargaruna
rapid composting facility at
Bicholim, established jointly
by the state government,
Sampurnearth Foundation
and ndiGo Airlines.

» Continued on P 10

Rapid composting units to be set up across state: CM

» Continued from P 1

During the visit, the Chief
Minister reviewed the com-
posting process and inter-
acted with officials on the
technology. He also issued
divections for the phased
expansion of the project
across the state,

Sawant soid rapid  url-
misation hos made waste
management  one of the
biggest  challenges  facing
cities and towns, He said
biodegradable waste should
b converted o valuable
organic conpost ather than
merely disposed of, creat-
ing both environmental and
econamic benefits,

He stressed  that
municipality  and  village
panchayat  should  en-
sire segregation of waste
at source and process el
waste  locally, eliminating

Lo -t

= 1

every

degradable waste over long
distances.

According to the Chief
Minister, processing waste
at the point of generation re-
duces 1l'i|l'|..\.-]:ltll'1i’|1jtll] Cosls,
fuel consumption, green-
house gas emissions, foul
odour and  envirommental
pollution, while improving
cleanliness and  providing
peliel o nearly residents,

Chiel Minister’s advisor
ol seientist Dy Sharad Eale
explained that the process
begins with segregated wet
waste treated with o spe-
cially developed micrabial
culture, The waste is then
shredded into o uniform
migture and placed in an
perated wincrow for about
24 hours to regulate mois-
ture. The partially processed
material is  subsequently
transferred o 1'|'-i|:‘\."‘i- or

1

completed over the next 24
hoirs,

He said the process pro-
duces  odow-free,  stahle
and  nutrient-rich  organic
compost within 24 w48
hours, making it suitable
for agriculture, hordeuliure
and gardening,

e Eale added that the
teclhnology  keeps  recye-
lalsle dry woste such os pa-
per plastic, glass and metal
uncontaminated,  improv-
ing recyeling efficiency and
incrensing is conumercial
value, He also said the pro-
cess  significantly  reduces
methane  emissions  from
decompaosing orgnnic
waste, helping mitigate cli-
mate change, and could
create opportunities for car-
ban credits in the future,

Sowant said the initiat-
ive was not merely a waste

1

a significant step towards
realising the vision of ‘Clean
Goa, Green Goa!l He said
awareness campaigns, live
demonstations and  train-
ing programmes would be
organised across municip-
alities, wvillage panchayats,
ecucational SN s,
residential complexes and
comimercial establishiments
o encourage  widespread
aclaption of the technology.

The Chiel Minister also
appealed o cimzens Lo sto)p
indiserimianate dumping of
waste on roadsides  and
instead  practise  proper
‘\l"HI'l"'HUtiHI'I and FESEMO 5=
ible  disposal of  house-
hold waste, Among those
present  were  Bicholim
MLA D Chandrakant She-
etye, [ Kale, Goa Waste
Management Corporation
managing director Harish
r ) -

1
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GOA WASTE MANAGEMENT CORPO

P L £

' WASTE CATEGORIES *| R  HWHATCAN1DO?

—

l If you follow these tips, you can be a true waste warrior & reduce
Wet Recyclable Waste which does not decompose but can the amount of trash that ends up in landfills & dumpsites.

I Dry Waste be recycled.

I @ @ ; Glass & Metal A) REFUSE - do not accept plastic bottles, straws, unnecessary

l % 5 % REDUCE - your own waste

l % REUSE-whatever you can
Waste that can RECYCLE-the rest, is always best!

decompose.
l Leftover food
B)ldentify the nearest recycler (Kabadiwala) or authorised person from
Spoilt food
E &V bl your panchayat & hand over your waste to them. You could even earn
I m(: egetable ﬁ some pocket money by selling your recyclable items to a recycler.
peels

Milk products

Seafood waste Plastic bottles, cups, Glass, glass bottle,

Fish bones bags, containers & Aluminium foil, C)Shop from your local grocery shop & remember to bring your
Meat bones Hard plastic All kind of metal ownshopping bag instead of asking for a plastic bag.

l Egg-shells, .
Hair Non Recyclable Waste which does not decompose D)Carry your own reusable bags, water bottle &tiffin when you go out.
Coconut shell & husk Waste & can't be recycled.

E)Do not litter. Never throw ANY wrapper or garbage into the = .
open. It is illegal, a danger to life & looks terrible too. Put your
waste away untilyou find a bin or get back home.

Dead animals
Soiled paper
Garden waste.

F)If you notice others littering, politely teach them not to litter.

G)Find out where your parents dispose your family's waste & teach them some best
practices for responsible waste disposal.

Thermocol, Chips packet, Rubber items,
\ (Composting unit) Cloth, Rexine, Leather, Vinyl

N

g

_—— — — E— E— — — w— w— w— w— w— w—

PO YOU KNOW?

&' = @ \We generate more than 800 tonnes of waste every day in Goa.

’ This is equivalent to 800 classrooms full of garbage per day.

800 tonnes 800 classrooms,

Zero Waste Goa

When we carelessly generate mixed waste, a toxic liquid called ‘leachate’ leaks out
of it. This liquid is dangerous to humans & the environment too. Leachate is polluting

ourdrinking water.

The burning of plastic generates dangerous gaseous substances such
as ‘dioxins’ & ‘furans’, they can cause diseases like cancer. So, burning
of wasteis bad for our healthandisillegal too.

NEED ASSISTANCE? You MAY PLEASE GET IN TOUCH WITH..

Goa Waste Management Corporation, Saligao

for assistance or more information on waste managment or to book your visit to Saligao Solid
Waste Managment Facility -

Shashank Dessai - 9923326872 Samir Natekar - 9922815596

Email: contact@zerowastegoa.com




