APPLICATIONS OF RADIOACTIVITY
The Use of Radioactivity in Medicine
Using Traces in Diagnosis
- Radioactive isotopes are used as tracers to help doctors identify diseased
organs (like kidney/liver). A radioactive tracer is a chemical compound that emits
gamma radiation. The tracer is taking orally (swallowed) by the patient or
injected. Its journey around the body can then be followed using a gamma ray
camera.
- Diﬀerent compounds are chosen for diﬀerent diagnostic tasks. For example, the
isotope iodine-123 is absorbed by the thyroid gland in the same way as the
stable form of iodine. The isotope decays and emits gamma radiation. A gamma
ray camera can then be used to form a clear image of the thyroid gland. A halflife of iodine-123 is about 13 hours. A short half-life is important as this means
that the activity of the tracer decreases to a very low level in a few days.
- Technetium-99 is the most widely used isotope in medical imaging. It is used to
help identify medical problems that aﬀect many parts of the body.
- Imaging techniques enable doctors to produce 3D computer images of parts of
a patient’s body. These are of great value in diagnosis.
Treatment
- High doses of radiation may cause the cells that make up our bodies to stop
working properly as the radiation damages the DNA in the cells. This can lead to
abnormal growth and cancer. Very high doses will kill living cells. Lower doses
may have no lasting eﬀect.
- Cancer can be treated by surgery that involves cutting out cancerous cells.
Another way of treating cancer is to kill the cancer cells inside the body. This
can be done with chemicals containing radioactive isotopes. Unfortunately, the
radiation kills healthy cells as well as diseased ones. To reduce the damaged to
healthy tissue, chemicals are used to target the location of the cancer in the
body. They may emit either alpha or beta radiation. Both these types of radiation
have a short range in the body, so they will aﬀect only a small volume of tissue
close to the target.
- The radioisotope iodine-131 is used in the treatment of various diseases of the
thyroid gland. It has a half-life of about eight days by beta particle emission.
Sterilisation Using Radiation
- Gamma radiation can kill bacteria and viruses. It is therefore used to kill these
microorganisms on surgical instruments and other medical equipment. The
technique is called irradiation. The items to be sterilised are placed in secure
bags to ensure that they cannot be re-contaminated before use. The gamma
radiation will pass through the packaging and destroy bacteria without
damaging the item.
- Some food products are treated in a similar way to make sure that they are free
from any bacteria that will cause the food to rot or will cause food poisoning.
- Irradiation such as the deliberate exposure of food products and surgical
instruments to controlled amounts of radiation should not be confused with

radioactive contamination. If radioactive waste is accidentally released either
into the air or the sea it could result in fish, animals or agricultural crops being
contaminated with radioactive material.
The Use of Radioactivity in Industry
Gamma Radiography
A source of gamma radiation is placed on one side of the object to be scanned
and a gamma camera is placed on the other. Gamma rays pass through more
objects than x-rays. They can be used to check for faults in casting (making things
out of a metal) or welding (joining metal objects together). Without the technique of
gamma radiography, neither problem would be detected unless the welding or
casting were cut through. An additional advantage of gamma radiography over the
use of x-rays for this purpose is that gamma sources can be small and do not
require a power source or large equipment.
Gauging

In industrial processes, raw materials and fuel are stored in
large tanks called hoopers. The coal absorbs a large amount
of the radiation so the reading on the lower detector will be
small. As the upper part of the hooper is empty the upper
detector will have a high reading. This method of gauging
has several advantages over other methods. There is no
contact with the material being gauged. Also, coal dust
might cause false readings with an optical gauging system
(one using light beams). Coal dust is much less dense than
coal so the gamma ray system still works properly.

Another example of gauging uses a similar process to monitor the thickness of
plastic sheeting and film. The thicker the sheet, the greater the amount of radiation
it absorbs and the amount passing through gets smaller. By measuring the amount
of radiation that passes through the sheeting, its thickness can be closely
controlled during manufacture.
Tracing and Measuring the Flow of Liquids & Gases
Radioisotopes are used to check the flow of liquids in industrial processes. Very
tiny amounts of radiation can easily be detected. Complex piping systems, like
those used in power stations, can be monitored for leaks. Radioactive tracers are
even used to measure the rate of spread of sewage!
Radioactive Dating
A variety of diﬀerent methods involving radioisotopes are used to date minerals
and organic matter. The most widely known method is radiocarbon dating which is
used to find the age of organic matter (for example from trees and animals that
was once living).

Radiocarbon Dating
Radiocarbon dating measures the level of an isotope called carbon-14. This is
made in the atmosphere. Cosmic rays from space are continually raining down
upon the Earth. These have a lot of energy. When they hit atoms of gas in the
upper layers of the atmosphere, the nuclei of the atoms break apart. The parts fly
oﬀ at high speed. If they hit other atoms they can cause nuclear transformations
(changes) to take place. These transformations turn the elements in the air into
diﬀerent isotopes. One such condition involves a fast-moving neutron striking an
atom of nitrogen. The nuclear equation for this process is:
The result of the collision of a neutron with a nitrogen atom is a nuclear
transformation. The nitrogen atom is transformed into an atom of the radioactive
isotope of carbon, carbon-14. Carbon-14 atoms react with oxygen in the
atmosphere to form carbon dioxide, just like the much more common and stable
isotope, carbon-12. The carbon dioxide is then absorbed by plants in the process
of photosynthesis. As a result, a proportion of the carbon that makes up any plant
will be the radioactive form, carbon-14. Included in plant material, the radioactive
isotope carbon-14 enters the food chain, which means the animals and humans
will also have a proportion of carbon-14 in their bodies. These carbon-14 atoms
will decay but, in living plants and animals, they are continuously replaced by new
ones. When an organism dies, the replacement process stops. As time passes, the
radioactive carbon decays and the proportion of radioactive carbon in the remains
of the plant or animal, compared with the stable carbon isotope, decreases.
The half-life for the decay of carbon is approximately 5600 years. This means that
every 5600 years the proportion of carbon-14 in dead plant and animal material will
halve. The amount of carbon-14 present in a sample of dead plant or animal
material is found by measuring the activity of the sample. This is compared with
the amount of carbon-14 that would have been present when the sample was part
of a living organism. From this, it is possible to estimate when the source of the
sample died.

There are limitations to the method of radiocarbon dating. It assumes the level of
cosmic radiation reaching the Earth is constant, which is not necessarily accurate.
Fortunately, the technique has been adjusted to take the variations of cosmic ray
activity into account. This is done by testing samples of a known age, like material
from the mummies of Egyptian Pharaohs and from very ancient living trees. The
radiation method is not used to date samples older than 50 000 – 60 000 years
because, after 10 half-lives, the amount of carbon-14 remaining in samples is too
small to measure accurately.

The Dangers to Health of Ionising Radiation
- Ionising radiation can damage the molecules that make up the cells of living
tissue. Cells suﬀered this kind of damage all the time for many diﬀerent reasons.
Fortunately, cells can repair or replace themselves given time so, usually, no
permanent damage results. However, if cells suﬀer repeated damage because of
ionising radiation, the cell may be killed. Alternatively the cell may start to
behave in an unexpected way because it has been damaged (cell mutation)..
Some types of cancer happen because damaged cells start to divide
uncontrollably and no longer perform their correct function.
- Alpha source presents little risk, as alpha particles do not penetrate the skin.
The problem of alpha radiation is much greater if the source of alpha particle is
taken into the body. Here the radiation will be very close to many diﬀerent types
of cells and they may be damaged if the exposure is prolonged. Alpha emitters
can be breathed in or taken in through eating food. Radon gas is decay product
of radium and is an alpha emitter. It therefore presents a real risk to health.
Smokers greatly increase the exposure to this kind of damage as they draw the
radiation source right into their lungs (cigarette smoke contains radon).
- Beta and gamma radiation provide a serious health risk went outside the body.
Both can penetrate skin & body and can cause cell damage by ionisation. The
damage caused by gamma rays will depend on how much of the energy is
absorbed by ionising atoms along their path. Beta and gamma emitters that are
absorbed by the body present less risk than alpha emitters, because of their
lower ionising power.
- The longer the period of exposure to radiation the greater the risk of serious cell
damage. Workers in the nuclear industry wear badges to indicate their level of
exposure. Some are pieces of photographic film that become increasingly
unclear as the radiation exposure increases. Another type of badge uses a
property called thermoluminescence (means that the exposed material will give
out light when it is warmed). The radiation releases energy to make heat so the
thermoluminescent badges give out more light when exposed to higher levels of
radiation. Workers have their badges checked regularly and this gives a measure
of their overall exposure to radiation.
Safe Handling of Radioactive Materials
In the nuclear industry and research laboratories, much larger amounts of
radioactive material are used. Very energetic sources will be handled remotely by
operators who are protected by lead shields, concrete and thick glass viewing
panels. Neutron radiation is absorbed by lighter elements and waste materials, like
spent uranium fuel rods from nuclear reactors, are stored under water until the
neutron radiation levels dropped to a safe level. Nuclear waste must be stored in
sealed containers that must be capable of containing the radioactivity for
enormously long periods of time.

