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The main source of natural radiation is radon-222, a natural
radioactive gas found particularly in areas of granite rock.

introduction
Man first became aware of the invisible

 radiation surrounding him in 1895, when
 Wilhelm Roentgen showed that a photographic
plate could be affected by an invisible radi ation
capable of passing through matter. He called
this radiation “X-rays” from X, the unknown.
 Doctors immediately saw the usefulness of this
type of radiation and began to use it in medical
research. This was the birth of radiology.

“Mankind has been exposed to 
radiation since his first appearance 
on Earth. We first became aware 
of this at the end of the 19th century.”

However, it was not long before some of the
doctors and radiologists treating their patients
with X-rays began to fall ill. It began to be under-
stood that exposure to high doses of radiation
was dangerous and protective measures were
necessary. From the 1920s onwards, interna-
tional commissions were established to specify
regulations for the use of radiation and for the
radiological protection of personnel.
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Different aspects
of radiation:
Radiation emitted
by the Sun,
radiography 
and the treatment
of works of art.
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> DIFFERENT KINDS OF RADIATION 5

THE SUN, SPACE, RADIOACTIVE
ELEMENTS… THERE ARE MANY SOURCES
OF RADIATION.

OUR WORLD IS BATHED 
IN RADIATION
Man has been exposed to radiation since he
first appeared on Earth. For example, we are
all exposed to radiation from the Sun. As well
as visible light, this includes invisible  radiation
known as  ultraviolet and infrared. Both kinds
of radiation are electromagnetic waves, as are
radio waves, X-rays and gamma  radia tion.
Mankind is also exposed to other forms of in -
vi sible radiation coming from the Sun and from
space. This is known as cosmic radiation or

Different kinds 
of radiation

cosmic rays. Cosmic radiation consists of waves
and particles with very high energies capable
of passing through thick layers of rock.
The radioactive elements present in our
 environment emit alpha, beta and gamma
 radiation (see the booklet on Radioactivity).
Gamma rays are electromagnetic waves, while
alpha and beta radiation consist of particles
– one helium nucleus and one electron respec-
tively. The activity of a radioactive element,
i.e. the number of disintegrations per second
in a given mass of the element, is measured

From radiology to radiation protection 3> Radiation and man
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Types of radiation
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Cosmic radiation

Alpha and beta radiation

X-rays

Ultraviolet radiation

IONISING RADIATION NON-IONISING RADIATION
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Infrared 
radiation

Radio waves

Microwaves

Visible light

Neutrons

Gamma rays

Different kinds 
of radiation
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in becquerels. There is also a form of radi ation
consisting entirely of neutrons.

IONISING RADIATION
Above a certain level of energy, radiation can
transfer enough energy to an electron to knock
it completely out of the atom. When an atom
loses an electron in this way it becomes
 positively charged. The displaced electron is
captured by a neighbouring atom which then
becomes  negatively charged. Atoms carrying a
negative or positive charge are called ions.
Radiation capable of causing these reactions
is known as ionising radiation (see diagram on
page 5).

ter. However, different types of radiation can
penetrate matter to different depths. This
defines the thickness of the material needed
to provide  protection.
Positons (beta plus radiation) are effectively
absorbed immediately. A positon is annihi-
lated as soon as it meets an electron,  emitting
two gamma photons. The problem then
becomes one of gamma radiation (see
 diagram above).

ENERGY ABSORBED BY MATTER
When radiation penetrates matter, the two
interact and energy is transferred from the
 radiation to the matter. The amount of energy
transferred depends on the dose absorbed by
the matter.
The unit of dose absorbed by matter is the gray
(Gy). One gray is equivalent to one joule
absorbed per kilogram of
matter.

Types of ionising radiation
include:
• Cosmic radiation.
• High energy electromagnetic waves such as
X-rays and gamma radiation.
X-rays can be produced when a beam of  electrons
collides with a metallic target. The electrons
in the beam interact with those in the metal
atoms, altering their energy levels and causing
them to emit X-rays.
Gamma rays are emitted by radioactive atoms
when they disintegrate.
• Alpha, beta plus and beta minus particles
(emitted by radioactive atoms when they dis-
integrate).
• Free neutrons. This type of radiation is always
found in nuclear reactors and is emitted, for
example, during the fission of atoms of ura -
nium-235 (see the booklet How a nuclear
reactor works). They are indirectly ionising as
their capture or interaction with nuclei  produces
gamma radiation and/or various types of
 particles. Neutrons are also present in the
atmosphere at altitudes used by long-haul and
subsonic  aircraft. They account for 30% of the
total dose received by aircrew.
The other types are radiation are known as non-
ionising radiation consisting of low-energy
 electromagnetic waves.

PENETRATION OF RADIATION 
INTO MATTER
By virtue of its high energy, ionising radiation
is penetrating, that is, it can pass through mat-

“The various types of ionising
radiation each have their own
penetration depth.”
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Unit of energy (see the
Energy booklet).
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Alpha particles

Beta minus particles: Electrons

X-rays and gamma rays

Neutrons

• Alpha particles: Very low penetration in air. A single
sheet of paper is enough to stop helium nuclei.

• Beta minus particles: Electrons with very low
penetration. Range of just a few metres in air.
A sheet of aluminium a few millimetres thick is
enough to stop electrons. 

• X-rays and gamma rays: Very deep penetration,
depending on the energy of the radiation. Range is
several hundred metres in air. Protection can be
provided by a thick concrete or lead barrier.

• Neutrons: Penetration depends on the energy. A thick
concrete, water or paraffin barrier can stop neutrons

THE PENETRATING CAPABILITY OF IONISING RADIATION

Core of the Osiris reactor where atomic
fission takes place.



STUDYING THE EFFECTS 
OF RADIATION
The effects of ultraviolet radiation (in sun-
shine) are well known. While low doses may
seem harmless, a high dose can be danger-
ous. For example, prolonged exposure to the
Sun can result in sunstroke and burning due
to the  presence of ultraviolet radiation. Long
term exposure can even cause cancer.
The ionising radiation ionises the molecules
present in living organisms. The harmful effects
on health depend on the dose received and the
type of radiation. Two approaches have been
adopted in order to study the various biological

HIGH DOSES OF IONISING RADIATION
ARE DANGEROUS TO MAN.

Biological effects 
of radiation

effects; epidemiology and experimentation on
the molecules and cells found in living organ-
isms. Epidemiology is the study of the effects
on populations who have been exposed to nat-
ural or man-made radiation. These include the
populations of Hiroshima and Nagasaki and the
first radiologists and workers in uranium mines.
Researchers have also observed experimentally
the damage and mutation caused to DNA by
ionising radiation. DNA is the very long  molecule
containing genetic information present in the
cells of living organisms. This has enabled them
to study the various repair mechanisms
deployed by cells when their DNA molecules

> BIOLOGICAL EFFECTS OF RADIATION
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Effects associated with uniform exposure to radiation

No identified patho-  
logical symptoms asso -
ciated with the exposure
to radiation.

0 to 0.25 grays

Some nausea. 
Slight fall in 
leukocyte count.

0.25 to 1 gray

Vomiting. Noticeable
changes to 
the composition 
of the blood.

1 to 1.25 grays

Lethal dose for 50% 
of the population.
Hospitalisation
essential.

2.25 to 5 grays

Almost certainly fatal.

Above 5 grays

Biological effects 
of radiation



all the radioactive substances have left the body
through either natural excretion, radioactive
decay (see the Radioactivity booklet) or
 following treatment.
Examples of the half-lives of some radioactive
substances are:
– Iodine-131 (131I): 8 days
– Carbon-14 (14C): 5,700 years
– Potassium-40 (40K): 1,300 million years.
Not all radioelements are eliminated naturally
(through urine, for example) at the same rate.
Some accumulate in specific organs (bones,
liver, etc.) before being eliminated from the
body. In addition to the physical half-life, each
radioactive element has a biological half-life.

for a given dose than gamma radiation or X-
rays as the latter penetrate deeper into the
material and their energy is spread through-
out a greater volume.
In order to compensate for the differing harmful
capacities of the various forms of radiation, a
“quality factor” has been defined for each of
them. The biological effect (or equivalent dose)
is obtained by multiplying the actual absorbed
dose (in grays) by this factor.
The unit of equivalent dose used to measure
the effects of radiation on living tissue is the
sievert (Sv).

have been damaged. Epidemiology and exper-
imentation have led to a greater understanding
of the effects of ionising radiation. This has
led, in turn, to the development of radiation
 protection standards and treatments for those
accidentally exposed to radiation.

EARLY EFFECTS
High exposure to ionising radiation produces
immediate effects on living organisms, includ-
ing minor or serious burns. The absorbed dose
(in grays) is used to characterise the early
effects of high radiation exposure either as a
result of an accident or delivered therapeuti-
cally to destroy cancer cells. For example,
radiotherapists use the absorbed dose to quan-
tify the energy delivered to tumours being
treated by irradiation.
The diagram on the previous page shows the
effects of homogeneous exposure to radiation
on the human body. During radiotherapy,
 doctors may apply local doses of up to 40 grays
to the tumour being treated.

LONG TERM EFFECTS
Exposure to relatively high doses of radiation
may have long term effects including cancer
and leukaemia. These effects occur in a ran-
dom manner and it is not possible to predict
the outcome for any one person. The large par-
ticles in alpha radiation (helium nuclei), are
rapidly decelerated as they enter living tissue
or other materials and most of their energy is
dissipated locally. They cause more damage

However, the biological risk is not the same
for all organs in the body. The risk depends
on the radiosensitivity of the organ con-
cerned.  Specialists have therefore defined
the  effec tive dose (also expressed in siev-
erts) which takes account of the sensitivity
of the various organs and defines the risk of
a cancer occurring  anywhere in the body in
the long term.

RADIATION EXPOSURE MODES
It is possible to define two distinct types of
 exposure according to the way in which the
 radiation reaches the body. These are exter-
nal and internal exposure.
• External exposure occurs when the body is
exposed to an external source of radiation. The
source of the radiation is outside the body
(radioactive substances in the form of a cloud
or on the ground, radioactive sources used in
industry or in medicine, etc.). External  exposure
may affect the entire body or just part of it.
Exposure ceases when the body is no longer
in the path of the radiation (for example, in
the case of a chest X-ray).
• Internal exposure (or internal contamination)
occurs when radioactive substances are found
within the body. These materials generate
 radiation internally. The source may enter the
body by inhalation or by ingestion, or through
a wound in the skin. Once inside, the con-
tamination is spread throughout the body. The
process is then known as internal contamina-
tion. The exposure only comes to an end when

“The effects depend on 
the individual, the dose and 
the source of the exposure 
(internal or external).”

MEASURING RADIOACTIVITY
THE BECQUEREL

A radioactive sample may be characterised by its
activity, defined as the number of disintegrations of
radioactive nuclei per second that are occurring in it.
The unit of activity is the becquerel, with the symbol Bq.
1 Bq = 1 disintegration per second.

THE GRAY

The unit used to measure the quantity of radiation 
(or dose) absorbed by an organism or object exposed
to radiation is the gray (Gy). The gray replaced 
the rad in 1986.
1 gray = 100 rads = 1 joule per kilogram of material
exposed to radiation.

THE SIEVERT

The biological effects induced by ionising radiation 
in an exposed organism (which depend on the type 
of radiation and the organs affected) is measured 
in sieverts. These effects may also be expressed as 
an “equivalent dose”. The unit most commonly used 
is the millisievert; one thousandth of a sievert 
(see the Radioactivity booklet).

Radiation may affect the human body when it is subjected to
internal or external exposure.

> BIOLOGICAL EFFECTS OF RADIATION
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This is defined as the time taken for half the
activity of a radioactive substance to be elim-
inated from the body naturally.

HUMAN EXPOSURE 
TO RADIATION
In order to evaluate the true level of risk
 associated with exposure to ionising radiation,
we first have to appreciate the level of natu-
ral radiation to which mankind has always
been exposed. All living organisms have
adapted to natural radiation and all seem
capable of repairing radiation damage to some
degree.
In France, the annual exposure to ionising
 radiation is around two millisieverts. In addi-
tion to this natural radioactivity, we are also
exposed to radiation from man-made sources.
This radiation is identical to that occurring
 naturally, and the effects on living tissue of
 similar doses are also identical. Most of the
exposure comes from medical or dental X-rays.
Only 1.5% of the total is due to other sources
such as fall-out from weapons testing or the
Chernobyl accident.

EXPOSURE TO NATURAL 
RADIATION
Our exposure to natural radiation arises from
a number of sources in three main groups:
• Cosmic radiation.
This radiation arrives from outer space, and
from the Sun in particular. In Europe, the
average dose received at sea level is around

0.30 millisieverts per year. The exposure is
greater at higher altitudes.
• Radioactive elements in the ground.
The most common are uranium, thorium and
potassium. The average dose received in France
from these sources is around 0.35 millisiev-
erts per year. There are some regions in France
and around the world where the presence of
granite results in higher doses being received.
• Natural radioactive elements that we absorb
from the air we breathe or the food we eat.
Gases from the disintegration of  uranium in
the ground such as radon, and  potassium
absorbed from food and stored in the body, add
an additional average dose of 1.55 millisiev-
erts per year. The main natural radiation source
is radon-222, a natural radioactive gas. This
accounts for around a third of all the  radiation
received and is greatest in granite areas.gran-

“Ionising radiation
from natural and 
man-made sources
produces the same
effects on living 
tissue.”
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NATURAL
RADIOACTIVITY

Different types of radiation have
different effects on living tissue. 

This dose is expressed in sieverts
(Sv). Reference is often made to the
equivalent dose.

0.1 Sv = 100 mSv

SOURCES OF
EXPOSURE AND 
THEIR EFFECTS

South-west India, Brazil

Abdominal scanner

In France (average
natural radioactivity)

At an altitude of 4,500 metres

Return flight between 
Paris and New York

Effects of nuclear power stations
on their surroundings

Average medical exposure
(scanner, X-rays, etc.)

Panoramic dental X-ray

Fall-out from nuclear 
weapons tests in the
atmosphere in the 1960s

MAN-MADE
RADIOACTIVITY

Average dose in 
mSv per year

Granite is a rock rich in uranium which decays through several
successive disintegrations forming radon.



Radiation 
protection

INTERNATIONAL AND NATIONAL LIMITS HAVE
BEEN SET IN ORDER TO PROTECT WORKERS
AND THE POPULATION AS A WHOLE.

> LA RADIOPROTECTION
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itiques.
EXPOSURE TO MAN-MADE 
RADIATION
Each person in France receives an average
annual dose of 1 millisievert from man-made
sources. The main sources are:
• Medical X-rays and radiation treatments.
The primary source is medical and dental X-rays
which result in an average exposure of almost
1 millisievert in France.
• Non-nuclear industries.
The burning of coal, the use of phosphate
 fertilisers, television, and luminous watches
result in an average exposure of 0.01 milli sieverts
per year.

• Nuclear industry.
Nuclear power stations, reprocessing plants,
fall-out from former nuclear weapons tests,
Chernobyl, etc. result in each person receiving
an average dose of 0.002 millisieverts per year.

“60% of the radioactivity to which 
we are exposed is natural in origin.”

Sources of radioactivity in France (source: CEA/IRSN)

Others (industrial 
waste, atmospheric 

fall-out, etc.)

Medical applications

Radon

The human bodyCosmic radiation (10.9%)
Radiation from the ground (13.6%)

24.5%

0.3%

32.7%

34.3%

8.2%

Radiation 
protection



INTERNATIONAL RADIATION 
PROTECTION STANDARD
Once the potential danger of excessive expo-
sure to ionising radiation was recognised,
 governments acted to set regulatory standards
defining the dose limits. These limits corre-
spond to a very small additional risk over and
above that due to natural  radiation, and the
risk may therefore be  considered acceptable.
• Since 1928, the International Commission
for Radiological Protection (ICRP) has brought
together doctors, physicists, biologists, etc.
from all countries. This independent scientific
authority issues valuable advice regarding
 radiological protection to the appropriate
 government agencies in each country.
• The United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR) is
composed of scientists from 21 countries. It
was established by the UN in 1955 with the
aim of collecting as much data as possible on
exposure levels to the various sources of  ionising
radiation and their biological, health and
 environmental consequences. The data is
 regularly updated, and the Committee also
 produces evaluations of effects based on exper-
imental results, estimated doses and human data.
• At the European level, the European Union
takes this advice into account in its own
 standards and directives. The legal  radiological
protection standards specify:
• The maximum effective dose is of 1 mSv / year
for the population as a whole and 20 mSv / year
averaged over five years for workers directly

A dosimeter is used to measure the quantity of radiation 
to which a worker has been exposed.

involved with ionising radiation (nuclear
industry, medical radiology, etc.).
• The maximum organ equivalent dose is
150 mSv for the crystalline lens in the eye
and 500 mSv for the skin and hands.
The maximum permitted dose for the popula-
tion as a whole has been set twenty times lower
than that for workers as the population includes
individuals of all ages and in all states of health,
and is not subject to medical monitoring.

FRENCH STANDARDS
In France, radiation protection is the respon-
sibility of the Institute of Radiological Protec-
tion and Nuclear Safety (IRSN), under the joint
supervision of the Ministers of Defence, of the
Environment, of Industry, of Research and of
Health. The Institute was established in 2002
with the merger of the Institute for Nuclear Pro-
tection and Safety (IPSN) and the Office for
Protection Against Ionising Radiation (OPRI).
The IRSN carries out research, consultancy
and other work in the fields of nuclear safety,
 protection against ionising radiation, control
and protection of nuclear materials, and
 protection against malicious attack.

> RADIOLOGICAL PROTECTION
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Workers who may be exposed to ionising  radiation
in the course of their work (nuclear industries,
physicians, radiologists, etc.) wear film badges
or “dosimeters” which measure the quantity of
radiation to which they have been exposed. These
ensure that the person  concerned has not
received a dose greater than the permitted
limits, or are used to measure the dose received
if the limits have been exceeded.

REGULATIONS GOVERNING 
RADIATION PROTECTION
Radiation protection is a generic term for the
collection of measures taken to protect the
health of workers and the population as a whole.
There are three main rules to observe when
dealing with radiation sources:
• Keep as far away as possible from the radi-
ation source as the intensity reduces with dis-
tance.
• Place one or more screens between the
 radiation source and the personnel. In the
nuclear industry, for example, multiple screens
are used to protect workers. These include
 concrete walls, lead barriers and special types
of glass with a high lead content.
• Reduce the exposure time to radiation to a
minimum.
These radiation protection measures are sim-
ilar to those used to protect against ultraviolet
ray, including the use of sun block as a screen
and placing a time limit on exposure to the Sun.
In the case of radioactive sources that emit radi-
ation, there are two further recommendations:
• Wait, if possible, for the radioactive elements
to decay naturally.
• Dilute radioactive gases as much as possible.
For example, nuclear facilities are not dis-
mantled as soon as they are shutdown. This
allows some time for the radioactivity of  certain
areas to decrease. In underground uranium
mines, highly efficient ventilation systems are
used in order to minimise the concentration
of radon in the air breathed by the miners.

“Data from a number of independent 
commissions has been used by governments
to set legal dose limits.”



Examples 
of applications 
of radiation

RADIOGRAPHY AND 
RADIOTHERAPY IN MEDICINE
Medical radiography makes use of the ability of
X-rays to pass through the human body. How-
ever, different types of tissue (bone, muscle,
etc.) allow different amounts of X-rays to pass.
Bones are relatively opaque, while muscles are
more transparent. An X-ray image therefore
shows the skeleton in sharp contrast and can
be used, for example, to decide on the best form
of treatment for a broken bone. It can also show
whether any tissue has been damaged by dis-
ease. A common chest X-ray can tell the doctor
much about the patient’s current state of health.
An X-ray tomography scanner is a machine that
reconstructs sections of the entire body or a part
of the body (e.g. the skull) with a few  hundred

RADIATION IS A VERY USEFUL TOOL
IN MEDICINE AND IN INDUSTRY.

or several thousand linear X-ray scans.  Scanners
are used to determine the precise  location of
lesions and tumours.
The morphometer is another tool that makes
use of X-rays. This was designed by researchers
at the CEA in collaboration with General Elec-
tric MSE (Medical Systems Europe). This equip-
ment makes it possible for the first time to view
a complete organ in three dimensions and pro-
vides an image of unparalleled quality. It is even
possible to display a computer generated image
of an entire vascular system or skeleton.
While searching for a way to reduce the dose
received by patients, the Frenchman Georges
Charpak, who won the Nobel Prize for Physics

A morphometer is used to produce 
a three dimensional image of an organ.

“Medical radiography makes 
use of the ability of X-rays to pass
through the human body.”

> EXAMPLES OF APPLICATIONS OF RADIATION
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in 1992, designed an ultra-sensitive radiation
detector capable of reducing the dose by a factor
of two or three while still providing the same
level of data as traditional designs.
Radiotherapy, or the treatment of disease using
ionising radiation, is another important med-
ical application of radiation. Only a few years
after the discovery of X-rays, around one hun-
dred years ago, scientists realised that the bio-
logical effects of high doses of radiation could
be used to treat cancer. As a result of their
rapid rate of cell division, tumour cells are more
 sensitive to ionising radiation than normal
cells. By applying a certain dose of radiation
to these cells, it is possible to kill them and
destroy the tumour.
At the present time, around half the patients
cured of cancer owe their recovery to radio-
therapy.

STERILISATION OF OBJECTS 
BY GAMMA RADIATION

Irradiation of surgical 
instruments and foodstuffs
Irradiation is the preferred method for the low
temperature destruction of micro-organisms
(molds, bacteria, viruses, etc.). There are many
applications of radiation to the sterilisation of
objects. For example, most specialised manu-
facturers of medical and surgical equipment
(single-use syringes, etc.) currently use radia-
tion to sterilise their products. In the same way,
radiation is used to improve the safety of food.

Examples include the sterilisation of spices, and
the elimination of salmonella in prawns and
frogs’ legs. This technique is also known as food
ionisation.

Irradiation of work of art
Treatment with gamma rays is an effective
method of destroying larvae, insects and bac-
teria deep inside objects in order to protect
the object from damage. This technique is used
in the preservation and restoration of ethno-
logical and archaeological artefacts. It can be
applied to many different materials including
wood, stone and leather.
Another technique is used to conserve badly
damaged objects such as  statues that have
been attacked by worms and the waterlogged
remains of wooden ships. In the Nucleart
process, the object is impregnated with a
 photosensitive resin which is hardened
 (polymerised) by exposure to radiation. The
hardened resin strengthens and consolidates
the object.

“Irradiation is used to destroy 
micro-organisms (molds, bacteria, 
viruses, etc.) at low temperature.”

“Gamma irradiation 
is used to protect 
artefacts from further
damage.”

Radioelements, used in nuclear medicine to treat cancer,
being manufactured in the CEA’s Osiris research reactor.

Gamma irradiation is used to sterilise spices.
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Cell for irradiating works of art viewed through a hatch.



INDUSTRIAL USES OF RADIATION

Preparation of materials
Under certain conditions, radiation can trigger
chemical reactions used to produce materials
with improved strength, lighter weight, or better
performance. There are many applications of
this irradiated chemistry in medicine and
industry, including insulators, cables, and the
heat-shrinkable sleeving used in the electrical
and electronic industries.

> EXAMPLES OF APPLICATIONS OF RADIATION
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Converter with its
neutronographic image
shown above.

Four nuclear gauges
monitoring the turbidity

of the water at the
Genissiat dam on the
Rhône river. The data 
is used to control the
sluices downstream.

X-rays are used in airports to reveal objects inside
passenger luggage.

“The ability of radiation to pass 
through matter is used in industrial
applications.”

Radiography and 
neutronography
Radiation and particle sources may be used to
enable us to see through materials.
• The applications of industrial radiography using
X-rays or gamma rays include boiler making,
inspecting welded joints, shipbuilding, oil and
petrochemical industries, aerospace, the con-
struction of nuclear power plants, and in civil
engineering (metal and pre-stressed concrete
structures, etc.). A radiographic inspection is
similar to a medical X-ray in that an image is
formed of the disturbance in a beam of X-rays
or gamma rays caused by the object under test.
This technique is capable of detecting faults
non-destructively. X-rays are also used in air-
ports to reveal objects inside passenger luggage.

• Neutronography is used in certain inspec-
tions using neutrons as the radiation source.
Unlike X-rays, neutrons can easily pass through

high-density mate-
rials such as steel
and lead. They are
also well suited to

generating images of materials rich in
hydrogen. For example, neutronography may
be used to check for voids in explosive powder
inside a steel container. The CEA uses this
technique to assess the quality of the
pyrotechnic devices used on the Ariane rocket.
X-ray radiography and neutronography are
complementary techniques. They do not
 compete with each other. ©
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Radiometric gauges
Radiometric gauges use sealed radioactive
sources emitting gamma rays, beta particles
or neutrons. They are used for level detection, 
measuring the density of fluids in pipes,
measuring thickness or weight per unit area
(from paper to sheet steel), and the analysis
of minerals and alloys, etc.

Neutrons are not generated by
radioactive materials. They are
produced in nuclear reactors and
from the interactions of cosmic
radiation and the atmosphere.
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