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Atomic Energy: Is It a Curse?

energy source. But it is still a big debate for the current
time that as it is not safe to run an atomic energy plant
in any way, so whether we should continue to use
atomic energy further.
Before coming to the main point of our
discussion, let us first discuss that for running our
civilization what could be the possible alternate
resources from where we may harvest our required
electrical power. In this regard, we need to discuss
some real facts.
Greenhouse gases from thermal power plant

(Picture courtesy: indiaclimatedialogue.net)

With

increasing

demand

for

energy

and

consequent scarcity of fossil fuel compel us to develop
an alternative and continuous energy supply
technology cost-effectively. To satisfy this necessity
atomic energy could be a most dependable source of
alternate energy harvesting. However, in reality, the
case is observed to be the other way round. Why?
Herein it is explained by the author in a vivid
justification.
The nucleus inside the atom may undergo
fission into two or more small nuclei and a
corresponding radioactive radiation result. This
process includes emission of two electromagnetic
radiations, gamma ray () and X-ray, along with the
particle ration like alpha (α), beta (β) and neutron (n).
Alpha ray carries a positive charge and beta ray
carries a negative charge. In this nuclear fission
process there occurs a slight mass change (0.1% of the
primary mass), which is released as an energy
according to the law of conservation of mass (E = mc 2)
proposed by the famous scientist Einstein. This energy
quantity is huge, and therefore it may be used both for
development or destruction of human race. We have
witnessed the human cruelty by destroying two entire
prosperous cities in Japan by atom bomb. During the
World War 2 the two cities, Hiroshima and Nagasaki,
were completely and brutally destroyed within a
moment. Afterward, although all the countries are
agreed to stop the use of this mass destructive bomb
as warfare weapon, none of them has stopped the
research & development or storing of atom bombs in
the name of the security of their countries. So,
statesmen of all countries have come to an agreement
that this atomic energy should be used as an alternate
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First, we would find out the amount of greenhouse
gas that a thermal power plant can produce. Only in
India, in 2001-2002, the estimated carbon dioxide gas
produced by thermal power plants was 323,474.85
Gg (Giga gallon), whereas in 2009-2010 the amount
increases to 498,655.78 Gg. For producing one unit of
electricity the emitted carbon dioxide is estimated to
be 0.91-0.95 kg/kilowatt along with 7.20 g/kilowatt
sulfur dioxide, 4.22-4.38 g/kilowatt nitrous oxide. In
the world almost 50,000 power plants produce about
10 billion metric tons of CO2 per year. Only America
itself produces 2.8 billion metric tons of CO2 from
their 8 thousand power plants. Second, if we look at
the hydel power plants, then we find that every year a
great number of manmade floods take place globally
because of these power plants that cannot manage
the extra water from heavy rainfall in the reservoir
dams. It causes unspecified loss of lives and
resources. Thirdly, some nonconventional energy
harvesting like solar energy, air turbine is not
sufficient to produce measurable quantity of power to
supply for the required demand, whereas on the
other hand installation cost also is high.
Present global policy on atomic power plants
Now let us discuss the pros and cons of atomic power
plants; what is the opinion of the entire developed
world about the atomic energy. In 2011 due to the
incident of the nuclear digester in Fukushima, Japan, it
has stopped almost all the nuclear power plants. Like
Japan does many other countries such as Germany has
immediately shut down its 8 out of 17 nuclear power
plants. Italy has announced to stop atomic energy
production in their country, Switzerland, and Spain
announced no further expansion of the nuclear plant
in their countries. In 2016 Australia, Austria, Denmark,
Greece, Ireland, Latvia, Luxemburg, Malaysia, Malta,
New Zealand, Norway, Philippines, Portugal don't have
atomic energy plant and they are posting strong
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protest against the nuclear power generation. Many
countries are upgrading their plant before the restart,
and also stopped new installation. Here it should be
noted that to stop a nuclear plant completely also need
sufficient precaution and security protocol.
During Fukushima nuclear meltdown Japan
could not manage to stop radioactivity contamination
in the Pacific Ocean. As a result, many living species
like fishes, octopuses, seaweeds, squids, crabs in the
Pacific Ocean are showing strong radioactivity effects.
Therefore, it is necessary to know about atomic power
plants in more details.

Uraninite, formerly pitchblende, is a radioactive,
uranium-rich mineral and ore with a chemical
composition that is largely UO2, but due to oxidation
the mineral typically contains variable proportions of
3O8U. Additionally, due to radioactive decay, the ore
also contains oxides of lead and trace amounts of
helium. It may also contain thorium, and rare earth
elements, 206Pb and 207Pb.

How uranium works
Bombarding a heavy atomic nucleus with a neutron
produces two or many lighter nuclei, where the total
weight of the daughter nuclei is less than their parent
nucleus. This lost mass produces the equivalent
amount of energy (E = mc2). Some isotopes are
exclusively used for this atomic energy production as
they undergo fission reaction smoothly. For example,
235U can easily be split into barium, krypton and
another three neutrons, which again bombard on
next uranium and produces huge energy within a
moment.
1n0

+ 235U92 → 141Ba56 + 92Kr36 + 3 1n0

The fission of one 235U generates 202.5 MeV which is
around 2.5 million times more than the energy
released from burning coal. This 235U is an isotope of
uranium making up about 0.72% of natural uranium
with a half-life of 703.8 million years. The other two
isotopes, 238U and 232U are available in nature with
99.1% and 0.2% respectively. However, these are not
useful for practical use as 238U adsorbs neutron to
produce 239U. Besides 235U, plutonium-239 can also be
used as a potential nuclear fuel for such fission
reaction. However, this isotope is not available in
nature. 235U follows this natural decay chain.
To isolate 235U from rest, we need to
centrifuge it which gradually enriches 235U from 238U
isotopes. Chemically it is not possible to separate
them, as isotopes have same chemical property.
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Figure 1. Uraninite

Uranium production is carried out in about 20
countries around the world, producing a cumulative
total of 54,610 tonnes of uranium (tU). The countries
where more than 100 tU/year production reported
are Kazakhstan (28%), Canada (20%), Australia
(16%), Namibia (8%), Russian Federation (7%),
Niger (6%), Uzbekistan (5%), United States (3%),
Ukraine (2%), China (2%), India (1%), South Africa
(1%), Czech Republic (1%), Brazil (1%) and Malawi
(<1%).

Figure 2. Uraninite crystals from Topsham, Maine

Mining Techniques
Presently, we collect uranium by two techniques:
1) Open pit mining
Depending on the depth of Uraninite occurrence, we
generally collect the ore by using surface (open-cast
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or open-pit) or sub-surface (underground) mining.
This ore we need to grind by several techniques like
blasting, drilling, pneumatic drilling, picks and
shovels, and then transported to uranium mill for
further fine grinding to make it a fine powder. In a
second stage of the process, the powdered uranium
ore is treated with a strong acid or leach. This
procedure separates about 75-90% of the uranium
from the surrounding rock. The remaining 10% and
the resulting slurry (Tailings) are waste products that
are collected in large tanks. After drying, it results in
‘yellowcake’. Two tonnes of uranium ore will give
about one kilogram of yellowcake. While mining,
radioactive radon gas is also released from ore and
inhaling the air causes cancer. Hence, the huge
radiochemical waste and radon gas cause severe
health issue in the local area.

important uranium mine, Jaduguda uranium mine.
This affects people, cattle, rivers, forests and
agricultural products as well. The state-owned
Uranium Corporation of India Ltd (UCIL) has been
operating the mine since 1967 and extracting about
1,000 tonnes of uranium ore per day. This mine has
the capacity to produce 200 megatons (Mt) of
yellowcake yearly, but it produces 115 Mt per year.
This contributes only 20% of the raw material for
Indian nuclear work. It has, however, remained
closed since September 2014, following a Centre’s
directive to suspend activity till UCIL’s lease is
renewed. A 1990 study claims in court, mining has
exposed workers and villagers to radiation, heavy
metals, radon, other carcinogens, and arsenic. This
pollution contaminates groundwater and the
Subarnarekha River.

2. In-situ-Leaching (ISL)

In August 2014, the Jharkhand high court
directed the Centre to set up an experts’ committee to
examine the issue of radiation hazard at the mine.
The court was responding to a PIL on the issue. Levy’s
report claims to have “reviewed hundreds of pages of
personal testimony and clinical reports in the case
that present a disturbing scenario”. It was also
reported that radioactive leaks happen when a pipe
blasted during carrying toxic slurry on December 24,
2006. This slurry was poured in Subarnarekha for
continuous 9 hours “causing shoals of dead fish to
float on the surface. No government investigation was
undertaken”. There about 1.5 tonnes of solid
radioactive waste and 20,000 liters of liquid
radioactive waste had spilled from a new pipe, close
to Jaduguda town, on April 10, 2007.

In this chemical procedure, uranium can be separated
by from earth’s crust from the surrounding rock
directly by chemical treatment and generates the
same yellowcake as well. In this case, the chemical
solution is inserted into a drilled hole on the rock at
the periphery of the uranium deposit. This liquid
loosens the uranium from the rock and binds it. This
solution, now supplemented with uranium, is then
brought up to the surface through another borehole.
The ISL-method can be used without mining
enormous quantities of rock. Though it does not
generate huge radioactive waste like Open-pit mining,
this process causes an irreversible and immeasurable
radioactive pollution in groundwater. The enriched
235U is used as uranium oxide rod for light water
reactor and uranium hexafluoride gas generally used
in rocket or gas nuclear reactor.
Problems in India
The Tummalapalle Mine is a uranium mine in
Tumalapalli village located in Kadapa at Andhra
Pradesh. Kyelleng-Pyndengsohiong, Mawthabah
(KPM) uranium mining project is located in the West
Khasi Hills district of Meghalaya state in the North
East region of India. Besides these, a large-scale
production is going on at Jaduguda mines in
Jharkhand. Currently, India has one Nuclear Fuel
Complex (NFC) at Hyderabad in Southern India which
is over a thousand kilometres from Jaduguda to carry.
In December 2015, journalist Adrian Levy for
The Centre for Public Integrity, a Washington-based
news organization reported that the radioactive
waste has been leaking out of India’s oldest and most
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At present, the uranium at the surface level in
Jaduguda is almost finished and now the mine is
extended up to 640 meters below the surface. This
ore is accessed through a 5-meter diameter vertical
shaft. However, Uranium Corporation of India Ltd
(UCIL) plans to extend it to 905 meters. Here, only
0.06 percent of Uranium is found in ore.
Environmental groups have raised concerns about
the environmental damage and low-dose radiation
from the mine. Over 35,000 people live within a 5 km
radius of the Jaduguda complex. Labor groups have
also raised issues about the unsafe work conditions at
the mine. In November 1998, the United States
imposed sanctions on the Jaduguda facility due to
suspected nuclear weapons-related activities. As
usual with any nuclear project, there was complete
secrecy. On the basis of present information, around
7000 people work at Jaduguda mining complex and
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all of them belong to an illiterate tribal community.
Around ninety-five percent of them worked as
underground miners. In the top management or first
grade posts of UCIL, no tribal people are employed.
When UCIL started operations, locals were promised
for jobs, medical support, schooling, and some other
opportunities. These poor people worked without
protective cloths and are exposed to radiation or
inhale radioactive radon gas. Without changing dress,
they return to their home and contaminate all
domestic materials, which affect other family
members simultaneously. Besides it, a major damage
occurs from the radioactive slurry. In reality, the
Jaduguda tailing ponds are unable to hold all the
slurry and frequently overflow, especially during the
monsoons. This makes a terrible radioactive pollution
to groundwater, through Gara River to Subarnarekha
River which takes a massive leap into the food chain.
In other words, uranium enters every part of the
ecosystem from innocent ore. In 1990, many
deformed children were born with some other
diseases like crippling disease and infertility.
The real threat of dumping of radioactive waste
So far, we have discussed only the problem behind
the purifying of 235U from mine, which pollutes
environment massively. The next problem comes
from the nuclear power plants when plants want to
dispose of (1) unused uranium and (2) nuclear waste
collected during enriching uranium from nuclear fuel.
Generating enough electricity for one person
produces just 30 grams of used fuel each year. In
nuclear power plants, uranium dioxides (UO2) pallets
are stored inside the metallic tube and after using
them for continuous 3-6 years, uranium is cleaned by
chemical treatment. This produces high-level waste
(HLW), which is liquid in nature. Then these metal
tubes were placed inside water, which generates huge
low-level waste (LLW). Presently, 29,000 tons of
metal tubes are there in our world. From hospital to
research laboratory, LLW, reactor component,
intermediate level waste placed inside concrete or
bitumen to dispose of it under the soil. However, as
the half-life period of 235U is 7.038 billion years,
before disintegrating of a radioactive nucleus, the
container will be damaged much before, which will
again contaminate radioactive waste in the
underground water. We may witness such by-product
leakage disasters within few hundred years.
Natural disaster
Modern advanced technology behind the nuclear
power plant can minimize the accidents occasionally,
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but it cannot protect the citizen with full assurance.
Technology can help to reduce some probability of
nuclear disasters against certain technical problems
so that Chernobyl kind disaster can be avoided.
However, if some natural disasters like massive
earthquake, tsunami appears, the aftershock
secondary nuclear disaster will ruin the world for
thousands of years, if not more! If such nuclear plants
appear to be complete safe, then USA would not sell
us the used plants. The very first condition in this
dealing is, they will never be accused for any nuclear
disaster occurs from such power plants. Even if USA
ready to accept the responsibility, can we get
recovery from radioactive pollution and its’
consequences? We have already witnessed, many first
world countries are removing their nuclear power
plants after Fukushima nuclear disaster, what appeals
us so intensely to purchase this rejected principles?
Nuclear waste

Volume

Radioactive content

High-level waste

3%

95%

Intermediate-level
waste

7%

4%

Low-level waste

90%

1%

Fusion energy: A potential solution
Fusion energy is another form of atomic energy,
which produces a huge amount of green energy that
comes from combining two light atomic nuclei. This
year England already achieved plasma temperatures
of 15 million degrees Celsius temperature. They are
in a mission to create 100 million degrees Celsius and
by 2025 they hope to develop an industrial scale
energy device. They target to start supplying energy
to the grid from fusion by 2030. China is expecting to
produce this fusion energy within 50-60 years, so that
no other source of energy will be required. Germany
is also in the race like USA and they already produced
a fusion reactor in 2015. India should reject the
fission energy program but should stay in race for
fusion energy as atomic energy is the answer for our
future civilization. India has already started working
on fusion technology with two separate
organizations.
IPR-DAE (department of atomic energy) –
This unit is located in Gandhinagar, Gujarat which
specializes in fusion and plasma research. Nuclear
energy production in India is set up the country’s own
thermo-nuclear
fusion
reactor.
International
Thermonuclear Experimental Reactor (ITER) – In this
association India, China, Japan, Russia, Korea,
European Union and the United States are members.
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They plan to produce a working demonstration of
fusion energy and create net positive energy. ITERIndia’s project director is now Shishir Deshpande and
presently our contribution is 10% on ITER project.
Picture courtesy:

[1] https://en.wikipedia.org/wiki/Uraninite
[2] https://en.wikipedia.org/wiki/Uraninite

Further Readings
1. http://indiaclimatedialogue.net/2016/03/22/indias-nuclearpower-plants-unsafe/
2. https://en.wikipedia.org/wiki/Uraninite
3. http://large.stanford.edu/courses/2012/ph241/chowdhury2/
4. https://thebulletin.org/nuclear-energy-different-other-energysources/cheaper-safer-alternatives-nuclear-fission
5. https://www.iter.org/
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Chemistry is Right under our Nose
all the Time

Can something really be ‘chemical free’? There are
instances where the business promoters market their
products with the tag ‘chemical free’ to imply that the
product is made up of substances found only in nature.
But isn’t ‘chemical free’ a misnomer, when every single
substance or matter in the entire universe has a
chemical identity? Our planet is habitable, thanks to
the presence of myriads of life-supporting chemicals,
such as oxygen, liquid water (dihydrogen monoxide),
amino acids (the basic building blocks of proteins one of the major constituents of living cells) and so on.
Our own body is largely (ca. 96%) made up of four
chemical elements, viz. hydrogen, carbon, nitrogen
and oxygen. The metabolic processes happening in our
body are a result of chemical transformations and our
emotions are controlled by chemical messengers. We
inhale and exhale chemicals (gases – oxygen and
carbon dioxide, respectively). The chemicals and
chemical transformations are found everywhere and
at any time and we experience them right from the
start of our day till we go back to the bed.
We start our day by cleaning our teeth and
gums. The toothpaste we squeeze out of the tube is a
concoction of several active and inactive ingredients.
Sodium fluoride and triclosan [5-chloro-2-(2,4dichlorophenoxy)phenol] are the active ingredients
which prevent the demineralization of tooth’s enamel
and fight bacterial attack respectively. The enamel is
largely (ca. 95%) made up of hydroxyapatite
[Ca10(PO4)6(OH)2]. The acids present in the food we
consume, such as malic acid in apples, tannic acid in
tea, tartaric acid in carrot, lactic acid in yogurt, leach
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the calcium and phosphates ions [Ca 10(PO4)6(OH)2 +
8H+ → 10 Ca2+ + 6 (HPO4)2- + 2H2O] from the enamel
leading to bacterial decay and plaque formation. To
prevent this, the tooth absorbs some amount of
fluoride each time we brush and converts the
hydroxyapatite to fluoroapatite [Ca10(PO4)6F2], which
is resistant to demineralization. On the other hand, the
inactive ingredients, which include abrasives (calcium
carbonate, hydrated silica, sodium bicarbonate, etc.),
sweetening agents (xylitol, sorbitol and sodium
saccharin), humectants (glycerol, propylene glycol and
sorbitol) for preventing water loss, and detergents
(sodium lauryl sulfate) for dirt removal through
foaming, provide unique taste and texture to the
particular brand of toothpaste.
In the bathroom, we will also find several
toiletries made up of wide varieties of chemicals. The
toilet soaps are the sodium or potassium salts of
higher fatty acids, e.g. palmitic, oleic and stearic acids,
with additives (colouring agents and perfumes)
making them appealing. Similarly, laureth sulfate
having sodium or ammonium cations in shampoos
acts as a surfactant removing the dirt from the hair. In
addition to surfactants, the preservatives and
additives bring in attractive features to the shampoos.
The shaving creams contain sodium or potassium salts
of fatty acids, e.g. stearic, myristic and palmitic acids as
surfactants, which helps in generating thick lather. The
organic base triethanolamine in shaving creams
adjusts the pH and increases the aqueous solubility of
acidic ingredients. Specially denatured (SD) ethanol,
which is unfit for consumption, is used in after-shave
as an antiseptic.
Apart from the personal care cosmetics, we
come across the drain cleaners, bleach and air
fresheners that keep our bathroom tidy and odourfree. The drain cleaners, comprising either sodium/
potassium hydroxide (alkaline) or sulphuric acid
(acidic), unclogs the sewer pipes by hydrolyzing the
amide and ester groups in the clogs, which are usually
the hairs, oils, fats etc. The household chlorine bleach
contains ca. 5% of corrosive sodium hypochlorite
(NaOCl) along with hydrogen peroxide, sodium
hydroxide and calcium hypochlorite. The NaOCl being
highly reactive removes odour by neutralizing
ammonia and hydrogen sulfide, whitens the surfaces
by destroying the chromophores (functional groups
responsible for the color in molecules) in dye and kills
microbes by attacking the proteins in its cell
membrane. You need to be thankful for air fresheners
- containing a mixture of volatile organic compounds -
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for masking or removing the unpleasant odour and
filling the air with fragrance.
Once you are freshened up in the morning,
you head towards your kitchen – the chemistry lab of
the home with ‘chemicals’ like sodium chloride,
sucrose, acetic acid (vinegar), sodium bicarbonate etc.
on the shelf. The appetizing apple you had sliced
before taking a shower, to have with breakfast, would
have now turned brown as a result of enzymatic
browning, which is not just restricted to apples but
also to bananas, pears and brinjals. The enzyme
polyphenol oxidase present in the fruits mentioned
above oxidizes colourless phenolic compounds to
brown melanin pigments. The idli/dosa batter ground
a night before would have now become fluffy and
expanded as a result of fermentation of carbohydrates
to lactic acid and carbon dioxide by lactobacillus. The
baking soda, which is sodium bicarbonate, a base,
added at last in bread/puri dough liberates carbon
dioxide as a by-product of acid-base reaction with
acidic ingredients in the presence of moisture,
resulting in causing a ‘rise’.
Indeed, cooking is chemistry and involves the
same processes like heating, freezing, blending and
mixing as carried out in the laboratory for chemical
transformations. The change in temperature can bring
about desirable changes; for instance, heating could
deactivate destructive enzymes in food and
refrigerating could increase its shelf life by slowing the
enzymatic activity and inhibiting microbial growth.
The heating of food can bring about irreversible
changes as observed in boiling of eggs. The proteins in
eggs undergo denaturation, aggregation and
coagulation facilitating the amino acid chains to uncoil,
recoil and aggregate. Notably, the thermal energy only
disrupts the non-covalent interactions and do not
break the covalent bonds.

inorganic ingredient, while p-aminobenzoic acid
(PABA) is the organic ingredient. These chemicals
absorb the harmful UV rays and protect the skin. The
nail polishes are one of the favourite cosmetics among
women. The main ingredient in the nail polish is
nitrocellulose dissolved in ethyl acetate, an organic
solvent. The rapid evaporation of the solvent solidifies
the liquid nail polish soon after it is applied. Acetone,
also an organic solvent, is generally used as nail polish
remover.
One of the prominent fields where chemistry
plays a dominant role is pharmaceuticals. The drug
molecules are rationally designed and synthesized
with an objective to bring about activation or
inhibition of the function of biomolecule (mostly
proteins), which would eventually result in
therapeutic benefit to the patient. This list of
chemicals that we come across in our day to day life
could be extended endlessly. Undoubtedly, chemistry
is omnipresent – the air we breathe, the food we eat,
the medicines we have are all chemicals, which bring
desirable chemical transformations within us. The life
without chemistry would be disastrous and beyond
imagination.
Further Readings
6.
7.
8.

http://www.chemistryislife.com/the-chemistry-of-toothpaste
http://www.chm.bris.ac.uk/motm/bleach/bleachh.htm
https://ascientificcuriosity.wordpress.com/everwondered/why-apples-turn-brown-after-being-cut-is-it-rust/
9. https://www.chemistryviews.org/details/ezine/1664685/Boil
ed_Eggs_Soft_and_Hard__Part_3.html
10. https://lifeischemistry.com/2011/09/18/how-does-asunblock-work/

Moving out of the kitchen to the dressing
table, you may come across several cosmetics.
Sunscreen or sunblock applied over the skin prevents
or scatters the ultraviolet radiation from penetrating
the skin. Zinc or titanium oxide is generally used as
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