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1. In medical imaging patients and medical staff are exposed to ionising radiation. Is this the only radiation people are exposed to? 

The pie chart below shows main sources of ionising radiation people are exposed to. 

[image: ]

· What is the contribution of medical X-rays and nuclear medicine sources in this chart? 

· What are other man-made sources of radiation? 

· What is the contribution of natural sources of radiation? 

· What are the natural sources of radiation? 
Discuss these sources. Investigate this more deeply by playing the applet ‘Natural radioactivity’ available at http://www.nucleonica.net/naturalra.aspx

· Which is the most significant part of natural radiation? Explain what causes this radiation.   



2. Radioactivity is a natural part of our environment. Humans, animals and plants have been exposed to natural radiation since the creation of life. Interestingly, life evolved in a radiation field that was much more intense than today.

· Now you are going to measure radiation in your environment. To detect the radiation use a Geiger- Müller counter or a radiation sensor with a data-logger. 

· Measure the radiation in different places like: 
· your classroom 
· outside on the school plain 
· the school basement 
· the chemistry lab 
· the chemistry storage area.

· Measure the radiation of some natural radiation sources like Potassium chloride KCl and Blue potassium fertilizer K20.

Note: 



Measurement of the background radiation illustrates that emission of particles by radioactive nuclei is a random process. If a radiation detector is placed near a radioactive source, the number of counts N in a time interval will show random fluctuations. The most likely value of the counting rate would be the mean value  while the amount of "spread" about the mean is given by the standard deviation . If the measurement is repeated a large number of times, the standard deviation has the special property of being equal to the square root of the mean .
The way to increase the accuracy is to measure more events (i.e. to choose a long running time).

· What is the average background radiation level in your environment? 

· What are the average radiation levels of the natural sources you investigated?  

· Do you observe the random nature of a radiation? What would you consider convincing evidence for it?  

· To show the random nature of the radiation you can plot a graph of the number of times each count was obtained against the  recorded counting-rates. 




3. We are constantly exposed to the ionising radiation. Medical imaging procedures expose us to even more radiation. It is necessary to know how much radiation is delivered to us and to understand how harmful this radiation is. 

As you are about to see, this is not always an easy question to answer. There are several factors contributing to the complexity. 

You have learned that you can count radiation by using a detection device like a Geiger- Müller counter. The official unit of radioactivity in the international (SI) unit system is the Becquerel (Bq). The Becquerel counts how many particles or photons are emitted per second by a source. 

But what actually matters for your body is the radiation exposure. The radiation exposure is expressed in several ways to account for the different levels of harm caused by different forms of radiation and the different sensitivity of body tissues to radiation.

Absorbed dose



Equivalent dose



Effective dose

Absorbed dose is the energy absorbed by the tissue and is measured in grays (Gy). 1 Gy is the number of absorbed energy in Joules per kilogram tissue. 

Equivalent dose relates the absorbed dose in human tissue to the effective biological damage of the radiation. The equivalent dose is measured in the international (SI) unit called the Sievert (Sv). 
To determine the equivalent dose (Sv), you multiply the absorbed dose (Gy) by a radiation-weighting factor that is unique for the type of radiation. The radiation-weighting factor WR takes into account that some kinds of radiation are inherently more dangerous to biological tissue, even if their "energy deposition" levels are the same.
For X-rays, gamma rays and Beta radiation absorbed by human tissue, WR is 1. 
For alpha particles it is 20. 
Exposure occurs over time, of course. The more Sieverts absorbed in a unit of time, the more intense the exposure. And so we express actual exposure as an amount over a specific time period, such as 5 millisieverts per year. This is called the "dosage rate". 

Effective dose relates the equivalent dose to which part(s) of the body are exposed. Some organs are more sensitive to radiation than others. A tissue-weighting factor is used to account for this. When an equivalent dose to an organ is multiplied by the tissue-weighting factor for that organ, the result is the effective dose for that organ. The unit of effective dose is the Sievert (Sv).
If more than one organ is exposed then the effective dose, is the sum of the effective doses to all exposed organs.


4. In Europe people typically get an average annual radiation dose from natural sources between nearly 2 up to nearly 8 mSv, this value varies per country as shown in the chart below. 

[image: ]
http://www.world-nuclear.org

· What do you think causes such differences between countries? 

The table below gives you an idea of effective doses of different medical investigations. 

	Type of investigation
	Effective dose to patient (mSv)

	Dental X-ray 
	0.02

	Chest X-ray 
	0.05 

	Barium meal examination
	3

	Technetium 99m scan
	1 to 5

	Head CT 
	2

	Body CT
	10



· The total annual dose of radiation depends on many factors. To how much radiation are you actually exposed? 
To answer this question you are going to calculate your personal annual radiation dose. For this use the provided chart (originally provided by American Nuclear Society). Notice that this chart specifies radiation doses in millirems, this is another, non-SI unit used to measure radiation dose (e.g. used in the United States). 1 rem = 0.01 Sv so 1 mRem = 0.01 mSv 

· What is your calculated average yearly dose?  

· What are the factors, which mostly influence your personal radiation dose? 

· Find out what the maximum allowed radiation dose is for a person. 
5. The table below gives an indication of the likely effects of a range of whole-body radiation doses. Discuss at which level the cancer risk appears. 

	Danger level
	Radiation dose
mSv 
	Effect
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	0.3 – 0.6/year
	Typical radiation dose from artificial sources of radiation, mostly medical. 

	[image: ]
	2/year
	Typical background radiation experienced by everyone (average 1.5 mSv in Australia, 3 mSv in North America)
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	9/year
	Exposure by airline crew flying New York-Tokyo polar route
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	20/year
	Current limit (averaged) for nuclear industry employees
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	50/year
	Former routine limit for nuclear industry employees. 
It is also the dose rate which arises from natural background levels in several places in Iran, India and Europe
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	100/year
	Lowest level at which any long-term increase in cancer risk is clearly evident.
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	350/life time
	Criterion for relocating people after Chernobyl accident
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	400/hr
	The level recorded at the Japanese nuclear site, 15 March
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	1,000 
single dose
	Causes (temporary) radiation sickness such as nausea and decreased white blood cell count, but not death. Above this, severity of illness increases with dose
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	5,000 
single dose
	Would kill about half those receiving it within a month



Origin: SOURCE: WORLD NUCLEAR ASSOCIATION
http://www.bbc.co.uk/news/health-12722435

· Find out what are the biological effects of ionising radiation on human cells. How do they depend on the radiation dose? 

· Prepare a presentation about it to share your findings with your class.
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