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It’s a gas

As we go about our daily lives, radioactivity is

usually of negligible concern. However, there is

one radioactive substance that can become a

problem for some in their homes: radon-222.

This is particularly the case in certain areas, such

as Cornwall, Devon and Derbyshire. Part of the

problem is that radon-222 is a gas. Although it

occurs naturally and is found in rocks and soils,

it may escape into the atmosphere and build up

into higher-than-healthy concentrations in some

indoor spaces, including homes.

A radioactive substance, like radon-222, changes into a different substance by emitting radioactive

particles. The change is called decay. The time for half the substance to decay is called its

half-life. Radon-222 has a relatively short half-life of only 3.8 days. For radon-222, therefore,

every 3.8 days the amount of radioactive gas remaining is half of that previously present, with

radioactive particles being emitted every time an atom decays.

Radon is formed during a chain of radioactive decay starting with uranium-238, which is widely

distributed in rocks and soils throughout the Earth’s crust. Part of the chain is shown in Figure 2,

which gives the half-life of each substance.

Figure 2 Radioactive decay series that includes radon-222

Element

Uranium

Protactinium

Thorium

Radium

Radon

Polonium

Bismuth

Lead

U-238
4.5 billion years

Th-234
24 days

Pa-234
1.2 minutes

U-234
250000 years

Th-230
77000 years

Ra-226
1600 years

Rn-222
3.8 days

Po-218
3.05 minutes

Pb-214
26.8 minutes

Figure 1 Stone house in Derbyshire
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Radioactive decay can be modelled mathematically using the exponential function. The mass, m,

of radioactive substance at time t can be modelled by the function m ¼ m0e
�lt , where m0 is the

mass of substance present at time t ¼ 0 , and l is a parameter which depends on the half-life of the

substance.

For radon-222, which has a half-life of 3.8 days, we can determine l . This is done by considering

that m ¼ m0

2
when t ¼ 3:8 . So

m0

2
¼ m0e

�l�3:8 , leading to l ¼ 0:182 . Hence, the function

m ¼ m0e
�0:182t , where t is measured in days, can be used to model the decay of radon-222.

A graph of
m

m0

plotted against t days is shown in Figure 3. You can see that, after 3.8 days,

m

m0

¼ 1

2
; after a further 3.8 days, ðt ¼ 7:6Þ , m

m0

¼ 1

4
, and so on.

Figure 3 Graph showing the model of the decay of radon-222,
m

m0

¼ e�0:182t

Radioactive decay can be modelled by exponential functions such as the one we have found for

radon-222. Whether a particular atom decays or not is a random process; after its formation, it

may decay immediately or it may be many days or even years later that it does so.

Given that the probability that a single atom of a radioactive substance will not decay in one day

is p, the half-life of the substance is given by phalf-life =
1
2
. For a substance for which p ¼ 1

2
, the

half-life is one day, since
� 1
2

�1 ¼ 1
2
. A graph for such a substance is shown plotted in Figure 4

on the next page.
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Figure 4 Graph showing the model of the decay of a radioactive substance with a half-life of one

day

An interesting way to simulate this decay is for, say, twenty people to consider themselves as

atoms and for each to spin a coin, with those getting a ‘head’ to consider themselves as having

decayed in the first day. Those ‘atoms’ that remain spin their coins again to simulate the events of

the second day, and, again, those that get a head are considered to have decayed, and so on. The

spreadsheet shown in Figure 5 demonstrates such a situation, with a 0 in each of columns C to F

representing a head and a 1 in these columns representing a tail. The total of 1s in each column,

therefore, gives the number of atoms remaining after each time period; row 23 shows this total

expressed as a fraction of the original number of atoms, and this is shown plotted together with the

exponential function in Figure 6.

Figure 5 Simulating the decay of a radioactive substance with a half-life of one day
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Figure 6 Graph showing the simulation of the decay of a radioactive substance with half-life of

one day, together with an exponential model for this

You can see that the simulation matches the exponential model reasonably well. As you might

imagine, the more atoms you simulate, the closer the resulting data will be to the curve.

Finally, a word of reassurance about radon-222. Whilst radon-222 may build up in enclosed

spaces, it is usually quite easy to improve ventilation so that it disperses and therefore does not

cause any problems to human health.
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