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Natural Radioactivity, Radiation Exposure
and Our Environment

Dr. Robert S. Dutch

Introduction

Questions and comments about radioactivity and radiation are common. But where do
radioactivity and radiation come from? Are nuclear power plants and medical exposures (e.g.,
from x-rays) the only sources of radioactivity and radiation? After a public survey conducted in
four European countries the authors wrote:

People are familiar with the two terms ‘natural’ and ‘artificial’ radiation; it is generally
believed that there is a major or even fundamental difference between the two. A subset
identifies natural radiation as being intrinsically less dangerous than artificial radioactivity.
Only a few know that the origin, the causes and the processes in the atomic nucleus that
underlie the two types of radiation are basically the same.'

My paper addresses natural radioactivity, radiation exposure and our environment. For clarity we
distinguish different types of radiation: ionising radiation (e.g., alpha particles, beta particles,
gamma rays, x-rays and neutrons) and non-ionising radiation (e.g., ultraviolet light from the
Sun).? The focus of my paper is ionising radiation, which ejects orbital electrons from atoms and
causes chemical changes that may have biological effects on cells. Atoms have a central nucleus
of protons (positively charged) and neutrons (uncharged) surrounded by orbital electrons
(negatively charged and much lighter in mass than protons and neutrons).

Alpha particles (made from two protons and two neutrons), beta particles (electrons coming from
the nucleus), gamma rays and x-rays are all ionising radiation (although, for brevity, I use the
term radiation). As we’ll see, natural radioactivity is not just around us but it’s within us — people
are naturally radioactive. For a brief discussion and diagram, on the types of radiation and their
penetration powers see the United Nations Environment Programme, Radiation: effects and
sources.” My paper covers: (1) our nuclear-powered and radioactive universe, (2) natural
radioactivity and radiation exposures on Earth, and (3) reflections.

Our nuclear-powered and radioactive universe

The topics of the Sun, stars, space and supernovae are taught in school science. However, it’s
possible to meet people who can’t remember their school science and that the Sun and stars are
powered not by chemical reactions, but by nuclear fusion. Christians believe that God created the
universe as taught in their Scriptures and Christian theology. Scientists, including committed
Christians, have investigated questions on the universe’s origin and operation in their quest for



knowledge and understanding. Indeed, I, along with
other Christians, regard science as a gift from God.

What is my main point here? It is to situate the topic
of natural radioactivity within its widest context.
God created a nuclear-powered universe that is
naturally radioactive. Our nuclear-powered Sun with
its warmth and light gives life on Earth.* Also, the
Moon provides illumination by reflecting the Sun’s
light. Of course, we shouldn’t forget that gravity is
essential to start the fusion process, but while many
people are aware of gravity the essential contribution
of nuclear fusion and radioactivity is often forgotten,
ignored or misunderstood.

Our Earth is naturally radioactive™

Without nuclear fusion we wouldn’t have stars that shine and supernovae that produced the
elements that make up our environment and bodies, e.g., carbon and oxygen atoms.’ Nuclear
fusion is the process by which light elements are forced together to make heavier elements up to
iron. In this process a vast amount of energy is released. The universe consists of billions of stars
in billions of galaxies giving light and heat from the process of nuclear fusion. Beyond iron the
elements are produced by other processes such as neutron capture.

Among the heavier elements produced in stars and supernovae are those that are naturally
radioactive, such as uranium isotopes. Uranium-238 has a half-life (the time it takes for the
radioactivity to decay to half its value) of 4.5 billion years. The number 238, called the mass
number, is the total number of the protons (92) and neutrons (146) in the atom’s nucleus.
However, uranium-235 (with just 143 neutrons) has a shorter half-life of 710 million years,
which means that in Earth’s early history there was more of it around than now. Today, uranium
1s mainly composed of uranium-238 (around 99.27%) and uranium-235 (0.7%). However, about
2 billion years ago uranium-235 was present at around 4.0% which meant that given the right
environmental conditions it could undergo nuclear fission and sustain a chain reaction.

Nuclear fission, which is used in civil nuclear power plants to produce electricity, has been
discovered to have naturally occurred about 2 billion years ago in geological deposits containing
natural uranium found in Oklo in West Africa. These operated in the environment on and off over
hundreds of thousands of years.® Fission is the process of splitting up the nucleus of heavy
elements (such as uranium) with neutrons and this gives lighter elements, neutrons and energy.
The production of neutrons leads to the possibility of a self-sustaining chain reaction by induced
fission. Moreover, uranium-238 and uranium-235 naturally undergo fission without needing an
incoming neutron to initiate fission (i.e., spontaneous fission).

So, God created a nuclear-powered and radioactive universe which we now live in. For further
discussion see my book “Let There Be Light!” Nuclear Energy: A Christian Case, chapter 1 ‘Our
Nuclear and Radioactive Universe.”” See also the UK Christians in Science resources in the
Thinking About ... series and the American Scientific Affiliation’s resources.®



Natural radioactivity and radiation exposures on Earth: four main sources

Inhaling radon and thoron gas

Ever since Earth’s formation its
environment has been naturally
radioactive. The geological record
indicates that for most of that
period it has supported life of
increasing complexity. The air
people breathe, the food and water
we consume are radioactive. Our
oceans are naturally radioactive.
When  reviewing the UK’s
population radiation exposure for
2010, Oatway and colleagues
commented  ‘Radionuclides  of
natural origin are present in all
environmental media, including
soil, air and water.”” This may come as a surprise to some readers, but since radiation and
radioactivity were discovered in the 19th century scientists’ research has shown that both are
natural. Our bodies are naturally radioactive. Let’s look at this further.

Our homes contain radioactive radon gas ™

First, we’ll look at the natural radioactive radon gas which we breathe. Besides being
radioactive, radon is tasteless, odourless and colourless, so we cannot detect it with our senses. It
is found in varying amounts across the planet in homes, schools, workplaces, etc. Besides being
widespread in our environment radon is an international public health risk. In fact, it is a very
serious risk as exposure to radon gas is known to increase the risk of lung cancer. The World
Health Organization (WHO) commented:

Radon is the second most important cause of lung cancer after smoking in many countries.
Radon is much more likely to cause lung cancer in people who smoke, or who have
smoked in the past, than in lifelong non-smokers. However, it is the primary cause of lung
cancer among people who have never smoked."

Public Health England (PHE) has a helpful website (‘“Welcome to Ukradon’) on radon exposure,
including a section ‘The risks to your health from radon.’ This section states (and I quote):

e Radon increases your risk of lung cancer

¢ The higher the radon, the longer the exposure, the greater the risk

e Radon causes over 1,100 deaths from lung cancer each year in the UK

¢ The risk from radon is higher if the person is an ex-smoker and significantly greater for
current smokers."'

On the final bullet point, PHE gives a table of ‘Radon risks: details’ that shows that for a low
indoor radon level (20 Bg/m’, the average radon level in UK homes, see below) the life-time risk
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from radon of getting lung cancer for a non-smoker is less than 1 in 200, but for a current smoker
it’s much higher at 1 in 7.

Where does radon come from? It’s formed during the radioactive decay of uranium-238. As this
undergoes radioactive decay, by alpha particle emission, it produces a series with other
radioactive elements including radon, which decays to other radioactive elements.'? As radon
(radon-222) is a gas, it comes out of the soil and rocks and becomes airborne. The UK’s average
indoor concentration is around 20 Bg/m® (pronounced 20 becquerels per cubic metre), but the
level is lower in outdoor air. The becquerel is the international (SI) unit of radioactivity and is
one nuclear disintegration per second.

We inhale the radon gas, and once it is inside our lungs it irradiates them, increasing the risk of
us getting lung cancer. When radon undergoes radioactive decay its decay products stick to dust
which we inhale and this process irradiates our lungs. Although the level of radon outdoors may
be low it tends to concentrate in buildings (depending on various factors, e.g., ventilation).
Moreover, the radioactive gas radon-220 (also called thoron) is emitted during the decay of
naturally occurring thorium-232 (half-life 14 billion years). This too irradiates our lungs.

Public Health England provides essential information on the risks of radon from radiation
exposure. The radiation dose to the population is derived from the activity levels in the air. In the
UK, the average annual dose from radon and thoron gas is 1.3 mSv per year (mSv is pronounced
millisieverts). The sievert is the international (SI) unit for radiation dose. Since 1 Sv is a large
dose we commonly use millisieverts, where 1 mSv = 1/1,000 Sv (one-thousandth of a sievert).
However, this value of 1.3 mSv per year is an average. Oatway and colleagues illustrate some
average annual doses in the UK from inhaling radon. For example, for people in Inner London
and Glasgow City the annual doses are under 1 mSv, in Lincolnshire it is just under 2 mSv, but
the highest annual dose is in Cornwall (from granite rock): almost 7 mSv."” As this dose is
received from radioactivity residing inside our bodies it is called an internal exposure. Radiation
exposure from radioactive material, and emissions, that are outside our bodies but then penetrate
our bodies is called external exposure (see further below).

Tragically, as stated above, around 1,100 deaths occur annually in the UK from this radon/thoron
exposure. However, a public education policy from PHE is helping to raise awareness of the
issues; the website ‘Welcome to Ukradon’ (http://www.ukradon.org/) is worth accessing. In
October 2017, the UK Department for Business, Energy & Industrial Strategy (BEIS) issued a
consultation Revised Requirements for Radiological Protection: Regulation of Public Exposures
and the Justification of Practices. It sensibly announced the intention to introduce a consultation
for implementing ‘a national radon action plan.” When the consultation concluded BEIS
published its response in March 2018. This stated ‘The requirement for a National Radon Action
Plan (NRAP) will be introduced into UK legislation.”'* Other countries already have such plans,
e.g., in 2015 the US released The National Radon Action Plan which targets the health risk of
radon-induced lung cancer.”” Further, in 2018 Public Health England reissued Radon in schools:
Raising awareness of a natural radioactive gas in your buildings.'® For England, if you want to
check the radon levels in your geographical area see Radon in Homes in England: 2016 Data
Report.” The UK government publishes similar reports for Northern Ireland, Scotland and
Wales.



A specific example is radon exposure in UK caves and abandoned mines. Some people enjoy
caving as a hobby, but atmospheres in caves can have high levels of the radioactive gas radon.
Indeed, the British Caving Association Radon Working Party has a useful 2012 publication on
Radon underground. This addresses radon levels and risks, legislation, and guidelines to
minimise risks to radon addressing ‘recreational persons,” ‘professional persons,” and ‘owners of
underground voids and land.”"® As radon gas concentrations can exceed 400 Bq/m® in caves the
authors noted that the UK’s radiation regulations applied."

A 2010 study by D. Langridge and colleagues ‘Monitoring of radon gas in caves of the Yorkshire
Dales, United Kingdom’ demonstrated the environmental monitoring showed radon levels
exceeded 400 Bq m™ (400 Bg/m?) in many caves and therefore a system of work was required to
control radon exposure on training courses.”’ This required the appointment of a radiation
protection supervisor and a radiation protection adviser, setting dose investigation levels, and an
annual individual dose limit of 6 mSv.

Further, a study by G. Gillmore and colleagues was published in 2011 called ‘Radon
concentrations in abandoned mines, Cumbria, UK: safety implications for industrial
archaeologists.”*' This demonstrated that industrial archaeologists and explorers in abandoned
mines are at risk from exposure to radon. It proposed a management scheme to minimise their
health risks while exploring.

Intakes of natural radioactivity (apart from radon/thoron)

Besides receiving radiation exposure from inhaling radon gas, we are exposed to naturally
occurring radioactive material in our food and drink. This is another internal exposure. For
example, radioactive carbon-14 (half-life 5,730 years) is constantly produced in our atmosphere
from cosmic radiation (see below) interacting with nitrogen atoms. This carbon-14 is absorbed in
plants and animals, and it enters the human food chain.

Moreover, the Earth’s crust contains potassium
and this includes potassium-40 as a small
percentage. Potassium-40 occurs naturally and
has a long half-life of 1.3 billion years. Potassium
is taken into our bodies (which maintain fairly
constant levels of potassium) through foods such
as bananas and the potassium-40 irradiates us.

Other natural sources of exposure are produced
through the natural uranium and thorium decay
chains. Naturally occurring radium isotopes are
present in Brazil nuts and eating 100 g will give a
dose of around 0.01 mSv. Marine animals concentrate the naturally occurring polonium-210.
Finally, natural radionuclides can be present on, or within, tobacco leaves. As the radioactivity is
not removed during production of the cigarettes, smoking gives a radiation dose. Intakes from
water were also assessed although they were not specifically discussed in the report by Oatway
and co-authors.?

Food is naturally radioactive ™



Measuring natural and artificial radioactivity in people’s diet is an important part of assessing
public health in countries, as a 2015/16 paper in the Journal of Environmental Radioactivity
shows for New Zealand.” In the UK, annual reports written by Cefas (Centre for Environment,
Fisheries and Aquaculture Science) address radioactive discharges and direct radiation. Their
report Radioactivity in Food and the Environment, 2016 (RIFE — 22) noted ‘Results showed that
artificial radionuclides only contributed a small proportion of the total public radiation dose in
people’s general diet.” Moreover, they stated ‘Radiation doses to people living around nuclear
licensed sites from authorised releases of radioactivity were well below the UK national and
European limit of 1 millisievert per year in 2016.”*

For the UK population the average annual individual dose from intake of natural radioactivity is
around 0.27 mSv (apart from radon/thoron).

Terrestrial gamma radiation

A third source of radiation exposure is the gamma radiation from
the uranium and thorium decay chains and from potassium-40
which are naturally present in our soils, rocks and the building
materials of our homes, etc. They undergo radioactive decay and
the gamma radiation irradiates us. This is called external
exposure, while the previous two sources were from internal
exposure.

The amount of radiation we are exposed to depends on the
concentrations in soils, rocks and building materials, and the
time people spent indoors and outdoors. The average annual
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radiation is around 0.35 mSv.

Cosmic radiation

The fourth source of natural radioactivity is cosmic radiation, which comes from the Sun and
space as primary cosmic radiation and then interacts with Earth’s atmosphere to produce
secondary cosmic radiation.”® According to the European Radiation Dosimetry Group
(EURADOS) Report 2012 ‘Primary cosmic radiation at the top of the Earth’s atmosphere
includes a continuous galactic component and a sporadic solar component. Both components
consist mainly of protons and to a lesser extent helium ions, but electrons and heavier ions may
also be present on a small scale.’*® Moreover, ‘Particles of cosmic radiation that hit the
atmosphere produce a complex field of secondary particles including, for example, protons,
neutrons, electrons, positrons, photons, muons (positive and negative), and pions (positive and
negative). The energy range involved covers many orders of magnitude and depends on particle
type.’” This is truly a complex mixture of particles, photons and energies, but to be frank we
don’t need to understand all this to appreciate the dose received from cosmic radiation.

The US National Aeronautics and Space Administration (NASA) recently reported ‘Most cosmic
rays originating within our solar system have relatively low energy and come from explosive



events on the sun, like flares and coronal mass ejections.” However, by examining the naturally
radioactive iron-60 in some cosmic radiation NASA determined that many cosmic rays reaching
Earth arise from outside our solar system, but within our galaxy (called galactic cosmic rays).*
Iron-60’s relatively short half-life of 2.6 million years means that these cosmic rays were created
‘fairly recently’ within our galaxy. Our Sun has a fairly constant ‘solar wind’ (made up of
charged particles, mainly protons and electrons) which reaches Earth and travels through our
solar system. It helps protect Earth from galactic cosmic rays (the heliosphere).*

Fortunately, the Earth’s atmosphere and magnetic field provide protection whose level depends
upon altitude and latitude (with exposure being higher nearer the magnetic poles). For the UK,
Oatway and colleagues’ 2010 Review considered exposures at ground level and while flying.
Their analysis took account of the time people spent at sea level both outdoors and indoors
(where the buildings give some shielding and people spend 90% of their time). They determined
that at ground-level the average annual dose is around 0.3 mSv.

However, it should be noted that the Earth’s magnetic field strength varies over time and its
direction does reverse. For example, Stephen Blundell, Professor of Physics at Oxford
University, shows how the magnetic field has reversed over the last 80 million years with time
intervals between reversals ranging from about ten thousand to ten million years. We are
currently in a ‘relatively stable’ period but he observes that reversal ‘may not be a comfortable
phenomenon to experience: it is accompanied by a marked reduction in magnetic field as it flips,
temporarily turning off our protection from space radiation and the solar wind.’*

However, flying in commercial aircraft is another matter. Here the protection of the atmosphere
is reduced, so the cosmic radiation dose is higher for both passengers and aircrew. Let’s consider
passengers. In their 2010 Review the authors assumed an average dose rate for all flights to and
from the UK. Drawing upon data for destinations, numbers of people flying and flight times, the
authors estimated the average annual radiation dose of 0.03 mSv. Thus, the total cosmic radiation
dose is 0.33 mSv.

Air travellers and flight crew are exposed to cosmic radiation ©°



In 2016 authors from the US Massachusetts Institute of Technology published an article
‘Radiation dose to the global flying population.” Here Alvarez and co-authors presented ‘the first
estimate of the total radiation dose received by the worldwide civilian flying population,” by
looking at data from 2000-2013. They ranked the top ten flights by the doses they contributed.
Their results suggested ‘frequent flyers can exceed the ICRP [International Commission on
Radiological Protection] effective dose limit for the public. In particular, passengers who take
five or more ultra-long-haul return trips or who log more than 120 flight hours in a year may be
beyond the ICRP limit for the public.”*' This dose limit for the public is 1 mSv/year. For a video
showing cosmic radiation dose rates for aircraft flying at different heights, see ‘NASA Studies
Cosmic Radiation to Protect High-Altitude Travelers.’*

In summary, the average annual UK population exposure from natural radioactivity (2010) that
an individual received was:*

Natural radiation sources in our environment Effective dose (mSv)*
Inhalation of radon and thoron gas (internal exposure) 1.30

Intake of natural radioactivity (apart from radon/thoron) from 0.27

food and drink (internal exposure)

Terrestrial gamma radiation (external exposure) 0.35

Cosmic radiation (external exposure) 0.33

Total dose from the above natural sources 2.25

* Effective dose is obtained from the absorbed dose multiplied by radiation weighting factors (for the different
types of radiation) and then multiplied by tissue/organ weighting factors (depending upon the organs irradiated).
I have used the simpler term ‘radiation dose.’

For clarification, it’s worth noting that this table gives the natural radiation exposure, but in
addition there are small exposures from the historic atmospheric tests of nuclear bombs
(‘weapons fallout’ 0.005 mSv) and routine radioactive discharges/releases by industry (0.0008
mSv). Together with the four sources in the table these are termed, ‘exposure to ubiquitous
radiation in the environment’ and give about 2.3 mSv. Moreover, Oatway and colleagues include
a further exposure estimated at 0.44 mSv, mainly from medical uses, thus giving a ‘Total dose
from all sources of radiation’ of 2.7 mSv.**

However, to put 2.25 mSv into context let’s compare it with the annual dose a member of the
public received in 2014 from the operation of EDF Energy’s fifteen UK nuclear reactors. For the
period 2012-2014 EDF stated:

Doses to the public are a very small fraction of the legal limit and the average radiation
dose due to natural background in the UK. The maximum dose received over this period
(0.005 mSv in 2014) is equivalent to the natural radiation dose received during a single
flight from London to Rome.*



So, 0.005 mSv is tiny compared with the annual natural radiation received and just equivalent to
the natural radiation dose (from cosmic radiation) in one short flight. In 2015 and 2016 the figure
was 0.007 mSv each time.*

On individual doses to the workforce, EDF Energy remarked ‘In 2014, the average individual
dose received by all our employees and contractors on our sites was 0.062 mSv and 0.112 mSv
respectively.””” These average doses were much less than the natural annual dose of 2.25 mSv
(see table). The highest individual doses to workers were: 2014 (6.905 mSv), 2015 (7.781 mSv),
and 2016 (5.188 mSv).*® These are below the annual legal limit of 20 mSv, but higher than the
average annual dose of 2.25 mSv. However, they can be compared with the average annual dose
of almost 7 mSv received by Cornwall’s population from radon (see above).

A paper worth reading on medical radiation and risk communication is: Lawrence T. Dauer and
colleagues ‘Fears, Feelings, and Facts.”* For more information, see my book “Let There Be
Light!” Nuclear Energy: A Christian Case, chapter 2 ‘Radioactivity and Radiation Exposure on
Earth,” chapter 3 ‘Recognizing Risks and Benefits,” and the United Nations Environment
Programme’s Radiation: effects and sources.®

In particular, have a go at determining your annual radiation dose by using, and adapting, the
American Nuclear Society’s ‘Radiation Dose Calculator’ (to estimate your dose in the
international units use: http://www.ans.org/pi/resources/dosechart/msv.php). A Canadian version
has been adapted, with permission, from this American calculator (see
http://www.fedorukcentre.ca/resources/dosechart/index.php).

Further comments on naturally occurring radioactive material

Readers may meet the term NORM. The World Nuclear Association (WNA) explains:

NORM is the acronym for Naturally Occurring Radioactive Material, which potentially
includes all radioactive elements found in the environment. However, the term is used
more specifically for all naturally occurring radioactive materials where human activities
have increased the potential for exposure compared with the unaltered situation.
Concentrations of actual radionuclides may or may not have been increased, if they have,
the term Technologically-Enhanced (TENORM) may be used."

Besides uranium mining, the WNA identifies other industries associated with NORM, e.g.:

¢ (Coal industry (in both mining and combustion)
¢ Qil and gas industry (during production) including fracking.

Coal is naturally radioactive with uranium-238, thorium-232 (and their radioactive products) and
potassium-40. Burning coal to produce electricity releases radioactive discharges which irradiate
populations.*” Waste is outside the scope of this paper so I address it in another paper.

Finally, as mentioned above, in March 2018 the UK government published its Response to the
consultation on revised requirements for radiological protection: regulation of public exposures
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and the justification of practices. This recognised that ‘Currently, the geothermal energy industry
is the only sector in the UK that works with NORM but is not regulated. Therefore we propose to
add “geothermal energy production” to the list of NORM industrial activities in the radioactive
substances legislation.’*

Reflections on radioactivity and radiation

What then should Christians think about natural radioactivity and radiation? First, I suggest that
we recognise that God created a nuclear-powered and radioactive universe that is vast in its
dimensions, awe-inspiring and beautiful as we see it with our naked eye and through various
telescopes (e.g., x-ray, radio, and the Hubble Space Telescope). Senior astrophysicist at NASA
Jennifer Wiseman shared her personal Christian views at a Christians in Science (Bristol)
meeting. Here she spoke about the beauty of the universe, its active nature and its enormous size
in both space and time.* Psalm 19 begins: ‘The heavens are telling the glory of God and the
firmament proclaims his handiwork’ (New Revised Standard Version). The universe is still active
in star production etc., and Colossians 1:15-17 tells us that through Jesus Christ, and for him, ‘all
things have been created,” which Hebrews 1:1-3 also affirms.

Natural radioactivity is part of God’s creation since Earth’s formation. The geological record
indicates that for most of that period it has supported life of increasing complexity. We know that
by using certain radioisotopes scientists can date the age of the Earth, and use, for example,
carbon-14 to date former living things (‘radiometric dating’). Recently, NASA used radioactive
iron-60 with its relatively short half-life to determine the origin of cosmic radiation (see above)
and to increase our understanding of the universe.

It’s true that we live in an active universe that affects the Earth, but the Sun’s solar wind
produces the awe-inspiring and beautiful Northern Lights that have captured the imagination of
artists, photographs, scientists and many others over many years, as British plasma physicist
Melanie Windridge ably explains in her Aurora: In Search of the Northern Lights.*”

Radon exposures need to be reduced, and public education together with further national
initiatives are important: how we build our homes, schools, offices etc., and ventilate them. If
you smoke then try quitting to reduce the risk of lung cancer, since smoking multiples the risk
from inhaling radioactive radon and its radioactive decay products attached to dust.

Let’s consider the protection from Earth’s magnetic field. The field is generated by molten
material moving within the Earth. The heat to power this comes from the primordial heat from
when Earth was created together with heat generated during the natural radioactive decay of
potassium, thorium and uranium within the Earth (‘radiogenic heat”). This heat drives convection
inside the Earth which influences plate tectonics and earthquakes. So, this natural radioactivity
helps generate the magnetic field that protects us from radiation from the Sun and space!
Professor M. Ragheb noted ‘Without radioactivity in the Earth, it would have no magnetic field
generated by its rotating molten iron and nickel outer core.’*® Moreover, Ragheb remarks ‘Thus
biological life on Earth owes its existence to three nuclear phenomena: fusion reactions in
supernovae in the distant past, radioactivity in the Earth’s core at the present time, and fusion
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reactions in the sun generating solar radiation.” He also shows how this underground radiogenic
heat is used to produce geothermal energy.”’

Finally, uranium ore is mined and processed to produce nuclear fuel for reactors in nuclear
power plants. Uranium, used wisely for peaceful purposes, provides low-carbon, clean electricity
which is not weather dependent, but provides baseload secure supply. Thorium fuel too is being
developed in some countries for use in nuclear reactors to generate electricity.

Understanding more about natural radioactivity and radiation in our universe and on Earth helps
us to appreciate God’s wonderful world and worship appropriately. And God’s initial creation of
the universe is a gracious gift to us, as Douglas Hayhoe shows.* See also Katherine Hayhoe,
‘Easter and Earth Day: Celebrations of God's Gifts.”*’ Moreover, in our developing discussions
and dialogue on climate change and the recognized need for low-carbon electricity production,
such understanding will inform us about the relative roles of renewables and reactors. My
position is that we need both to protect the planet we share with other creatures. Since ignorance
and inactivity aren’t virtues, we need knowledge, understanding and wisdom to care for what
God has committed to us, and to pass it on to future generations.
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