
Unit 2: GCSE Applied Science
2.3.2 Diagnosis and treatment

Electromagnetic radiation can be used in:

• the diagnosis of disease and injury
• treatment of cancer.

Ionising radiation is radiation that can cause electrons to be 
removed from atoms or molecules.

Examples of ionising radiation include: 

• high energy (short wavelength) electromagnetic radiation (UV, 
X-rays and gamma rays) 

• alpha and beta particles emitted from radioisotopes.

Alpha, beta and gamma radiation

• Alpha and beta radiation are both particles.

 

• Gamma radiation is high energy (high frequency) 
electromagnetic radiation.

Penetrating properties

Radiation can be absorbed by substances in its path. Different 
types of radiation have different penetrating power. Gamma is the 
most penetrating, alpha the least.

Ionising power:

The penetrating power of nuclear radiation depends upon the 
ionising power of the radiation. The radiation continues to 
penetrate matter until it has lost all its energy.

• Alpha greatest ionising power.
• Gamma the least ionising power.

Ionising radiation will ionise atoms or molecules. Hence, they will 
damage the DNA in cells (mutations).

Radiotherapy

• Radiotherapy is a treatment of cancer which uses ionising 
radiation. 

• Cancer cells are more affected by ionising radiation than 
normal cells. 

• The radiation damages cancer cell DNA so that they die or 
reproduce more slowly.

• Nearby healthy tissues may also suffer cell damage from 
radiation, (mutations to cell DNA), but these cells are not so 
badly affected.

There are two types of radiotherapy: 

1. internal radiotherapy 
2. external radiotherapy 

External radiotherapy

• uses a machine which focuses X-rays which come from 
outside the body on to a tumour

• involves a series of daily treatments over a number of days or 
weeks.

Internal radiotherapy

Internal radiotherapy involves using a radioactive isotope (e.g. 
iodine-131) taken as a drink or injected into a vein.

The radioisotopes used in internal radiotherapy have short half-
lives and so the emissions quickly get less. 

Patients who have:

• internal radiotherapy may emit radiation for a few days after 
each dose

• external radiation therapy does NOT emit radiation after 
treatment.

Internal radiotherapy

• Uses shorter-range beta emitters because radiation does not 
first need to get through tissue to the target.

• Isotopes should have a short half-life so they are not active 
in the body any longer than necessary to treat the cancer. e.g. 
Iodine-131 with a half-life of 8 days.

Gamma camera

The gamma camera is an imaging technique used in diagnosing 
cancer.

• It uses a gamma camera and a radioactive isotope which 
is attached to special drugs, called tracers, which carry the 
radioisotope to the organ being investigated.

• Radioisotopes with short half-lives are used so that the tracer 
does not stay radioactive in the body for a long time.

X-rays and safety

• X-rays are ionising radiation and can damage body cells
• Having an X-ray or CAT scan carries a very small risk of 

causing cancer many years later.

Medical imaging

Medical imaging creates images of the human body to reveal, 
diagnose or examine disease using:

• electromagnetic radiation
• sound waves.

X-rays

• X-rays are passed through the body.
• Some energy from the X-rays is absorbed by the body. 
• A detector on the other side of 

the body picks up the X-rays and 
turns them into an image.

• X-rays involve one image and 
form a 2-dimentional image.

• Dense parts of the body such as 
bone absorb more X-rays and 
show up as white areas on the 
image.

• Softer parts such as the muscle 
absorb less and show up as 
darker areas.

CAT scans

CAT scans (CT scans) also use X-rays.

CAT scans can produce 3-dimensional images of many 
structures inside the body.

• Produced by processing a large number of X ray images taken 
around an axis.

• Dense objects (e.g. bones) 
absorb more X-rays than softer 
tissues.

• The individual images are 
combined into 3 dimensional 
image of the body. 

CAT can be used to: 

• diagnose damage to bones, 
injuries to internal organs, and 
the extent of a stroke and cancer 

• guide for treatments - e.g. CAT scans can help to determine 
the position, size and shape of a tumour before radiotherapy 

• monitor conditions - e.g. checking the size of a tumour. 

Drugs

Drugs are substances that change chemical reactions in the 
body.

Medical drugs relieve disease and illness.

Drugs:

• are given because of the positive effects they produce
• may cause side-effects.
Side-effects may not be known until a lot of people have used 
them.

Aspirin

• relieves pain, fever, and inflammation
• has anticlotting properties
• reduces the risk of heart attack and strokes. 

Side effects of aspirin. Prolonged use can cause:

• bleeding in a patient’s stomach
• stomach ulcers.

Drug testing - testing of new drugs is needed to avoid side effects

1. Preclinical drug trials
• Testing on human cells grown in the laboratory.
• Testing on animals.
• Testing on healthy human volunteers.

2. Clinical trials
• Testing on small groups of patients.

A Placebo - Used instead of a drug in a drug trial.

Types of clinical trials:
• Blind trial - Patients do not know if they have been given the 

drug or placebo but the doctors know. 
• Double blind trial - Neither patients nor doctors know if the 

patient has been given the drug or the placebo, only the 
researchers know.

MRI (Magnetic resonance imaging)

• MRI scans use strong magnetic fields to form images of the 
body.

• Protons in the body made to emit radio waves.
• By varying the strength of the magnetic field, it is possible to 

know where the waves are emitted from. 
• This information is shown as 

an image.

An MRI scan can be used to 
examine almost any part of the 
body, e.g.: 

• brain and spinal cord 
• bones and joints 
• breasts 
• heart and blood vessels 
• liver.

Ultrasound

These are sound waves with high frequencies and cannot be 
heard by humans. 

• Some ultrasound is reflected where there is a change in 
density e.g. at boundaries between tissue or organs of 
different densities.

• The reflected waves are 
usually processed to 
produce a picture of the 
inside of the body on a 
screen. 

Ultrasound has many 
applications including:

• safe monitoring of a 
foetus during pregnancy 

• diagnosis of diseases.

Chemotherapy

Chemotherapy is a cancer treatment, which uses drugs to kill 
cancer cells.

• It kills cancer cells by damaging them, so they can’t reproduce 
and spread. 

• Some healthy cells are also affected which usually recover 
from the damage.

• Chemotherapy and radiotherapy are often used together.

Half-life

Time taken for the number 
of radioactive nuclei (or 
mass/activity) to reduce to 
one half of its initial value.

The graph shows the time 
taken for the decay of 
iodine-131. 

In 8 days, the number of 
iodine-131 nuclei halves. 
It keeps on halving every 8 
days.

The diagram below also 
shows this information 
until 25% is reached.

 

Time for the number of nuclei to drop to 25% = 8 + 8 = 16 daysSelecting a radioisotope

There are nearly one hundred different radioisotopes whose 
radiation is used in medicine. 

External radiotherapy

• Uses radioisotopes which emit X-rays (or gamma radiation).
• The radiation is targeted at the tumour and so needs to 

penetrate the body to get to the tumour.
• The radioisotope used will have a long half-life, so it does not 

need to be changed very often. 

HT only

• An alpha particle is the same as the nucleus of a helium atom 
(i.e. 2 protons and 2 neutrons.) Remember: It is NOT the same 
as a helium atom.

• A beta particle is a high velocity electron which comes out of 
the nucleus of an atom.

Alpha radiation is 
also stopped by a 
piece of paper.

Beta particles will 
be absorbed by a 
few centimetres 
of body tissue.
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