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Radiation in medicine uses risks and half life

AQA GCSE Separate Physics 8463 only | Foundation and Higher | Paper 1
Suggested: 35-40 minutes +15-20 review | 28 parts | 53 marks including Higher-only parts

Specification points covered

4.4.3.1: background radiation and dose; 4.4.3.2: hazards and different half-lives
4.4.3.3: medical uses and evaluating benefits and risks

4.4.2 1: selected radiation properties, activity and count rate

4.4.2.3: half-life and randomness; 4.4.2.4: contamination, irradiation and precautions

A hospital training team reviews a tracer-imaging service and a separate gamma-radiotherapy service. You will select
sources, interpret monitoring data and explain decisions to new staff. All sources, patients and numerical data are
fictional teaching examples, not clinical advice.

Complete after teaching. Use the information supplied and show numerical working. 1 Sv = 1000 mSv; 1 kBq = 1000
Bq. Core questions: 26 parts, 49 marks. Only 6(d) and 6(e) are Higher tier only: 4 additional marks. No radiation
experiment is to be carried out.

1 Reading the training brief

The team records background exposure as well as exposure from hospital work. A source’s activity is its rate of nuclear
decay, not the dose received by one person.

1(a) Give one natural source and one man-made source that could contribute to the background radiation
recorded by the team. [2 marks]

1(b) The record for source R states a half-life of 2 hours. Explain what that means for a large sample’s activity.
[1 mark]

1(c) A staff dose record is 0.0008 Sv. Convert this dose to millisieverts so it can be compared with the other
records. [1 mark]
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2 Choosing a tracer source

All four materials are chemically suitable and remain in the organ during this simplified test. Preparation, transport and
imaging take 4 hours. Preliminary checks show R and S remain detectable throughout, but Q does not. Choose a
useful signal without unnecessarily prolonged exposure afterwards.

Table 1
Source Radiation emitted Half-life
P Alpha only 6 hours
Q Gamma only 30 seconds
R Gamma only 2 hours
S Gamma only 60 days

2(a) Select P, Q, R or S for the 4-hour tracer investigation. Explain the choice using both radiation type and half-
life. [3 marks]

2(b) Explain two physical reasons why P is unsuitable for this externally detected internal-organ tracer
investigation. [2 marks]

2(c) Q emits gamma radiation. Explain why its half-life still makes it unsuitable for the stated preparation,
transport and imaging schedule. [2 marks]

2(d) Compared with R, why is S’s long half-life a disadvantage if the tracer material remains in the patient after
this short investigation? [2 marks]

2(e) For a separate sealed external gamma-radiotherapy source that is used repeatedly over many months,
which would need less frequent replacement, R or S? Explain. [2 marks]
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3 Locating the radioactive material

Figure 1 shows two separate procedures. A uses an external sealed gamma source to treat a target. B uses a gamma-
emitting tracer deliberately placed inside the body and detected outside. Arrows show radiation paths, not radioactive
material moving.

Sealed source Detector
\I Target Tracer
\ (\ A \ | |

Figure 1

3(a) In A, the sealed source is removed after exposure. State whether irradiation alone makes the patient
radioactive, and explain. [2 marks]

3(b) In B, the detector is switched off and removed. Explain why nuclear radiation may still be emitted from the
patient. [2 marks]

3(c) During preparation, tracer liquid accidentally spills onto a worker’s sleeve. Name this event and explain how
its hazard differs from irradiation alone. [2 marks]

3(d) State one precaution that reduces the chance of tracer liquid contaminating staff, and one different
precaution that reduces irradiation from a sealed source. [2 marks]

3(e) In A, why must the treatment beam be aimed carefully even though the aim is to destroy unwanted tissue?
[2 marks]
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4 Checking the activity before use

Table 2 gives measured mean activities of a sealed calibration sample of R. No material is lost or added. These are
activities, not patient doses. Use the table directly for the core questions.

Table 2
Time a.fter 0 2 4 6 8
preparation/ h
Mean activity / kBq 640 320 160 80 40

4(a) Determine R’s half-life from Table 2. Identify two values that support it. [1 mark]

4(b) Convert the recorded activity of 640 kBq at preparation to becquerels. [1 mark]

4(c) A trainee says that the 2-hour half-life lets them predict which individual nucleus will decay next. Explain
why this is wrong. [2 marks]

4(d) This calibration test needs at least 150 kBq at its start. Use Table 2 to decide whether starting 4 hours after
preparation is acceptable, and whether a delay to 6 hours is acceptable. [2 marks]

4(e) A detector records 546 counts in 60 s with a test sample present. Background alone gives 66 counts in the
same 60 s. Calculate the sample’s background-corrected count rate. [2 marks]
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5 Interpreting dose and risk

Table 3 is a fictional staff-monitoring dataset. Each listed daily occupational dose is repeated on 200 working days.
These are not exposure limits or claims about typical real hospital doses.

Table 3

Occupational dose per

Staff role working day / mSv Working days
Office worker 0.0020 200
Imaging worker 0.0060 200

5(a) Calculate the annual occupational dose for each staff role in Table 3. [2 marks]

5(b) The imaging worker also receives 0.0018 Sv from background sources over that year. Calculate the
combined dose in mSv. [2 marks]

5(c) A trainee claims that the larger dose proves that every imaging worker will develop cancer. Explain why that
conclusion is not justified. [2 marks]

5(d) Two staff have identical jobs, but one hospital is at a much higher altitude. Explain why the natural-
background contribution to their doses could differ. [2 marks]

5(e) The team studies possible health effects of exposure. Explain why its methods and findings should be
published for other scientists to review. [2 marks]
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6 Explaining a balanced decision

A visitor claims that all medical nuclear radiation should be banned. Parts (a)—(c) build a six-mark-style response in
three separately marked steps. Use benefits, hazards and practical precautions.

6(a) Explain one benefit of internal tracer imaging and why a gamma-emitting source can provide that benefit.
[2 marks]

6(b) Explain one benefit of radiotherapy and one relevant hazard that must be considered alongside it.
[2 marks]

6(c) Give a balanced response to the proposed ban. Explain how one specific precaution can reduce risk while
allowing a justified medical use. [2 marks]

6(d) HIGHER TIER ONLY. A sealed R sample is left for three half-lives. Calculate the fraction of its initial activity
remaining and the fraction by which its activity has declined. [2 marks]

6(e) HIGHER TIER ONLY. A sealed R calibration sample is prepared at 08:00. Its half-life is 2 hours. It must
have at least 7.5 x 10* Bq at 14:00. Calculate the minimum activity needed at 08:00. No material is removed.
[2 marks]

Review: link penetration to the task; balance a useful lifetime against persistence; distinguish radioactive material from
radiation; use risk language, not guarantees.
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