 THE  USE OF IONISING RADIATION IN UNDERGRADUATE TEACHING

Following the implementation of the Ionising Radiations Regulations on January 1, 2000 the following guidance notes are for departments who are involved in the use of ionising radiation  in undergraduate teaching.

There are two aspects of this situation:

1
the radiation exposure of undergraduate 'volunteers' who agree to some predetermined radiation exposure as part of an experiment where X-rays or radioisotopes are administered directly to the 'volunteer', and

2
the more usual situation where there is a small radiation exposure, or risk of such exposure, in the course of a teaching or demonstration experiment.

The Radiation Safety Committee  prohibits the use of experiments of type 1 and, for type 2 teaching experiments, recommends that the radiation protection standards laid down for the use of ionising radiation in schools should be adhered to in general, with a small number of exceptions permitted in the case of honours students whose work is directly supervised by a member of staff.

Work with ionising radiation in schools is governed by the Department of Education and Science Administration Memorandum AM/1/92 which in turn follows the International Commission for Radiological Protection (ICRP) recommendations on this subject.

The whole body (stochastic) dose limit for pupils and undergraduates is 0.5 mSv y-1 (excluding natural background radiation and medical procedures) and the single organ dose limit is set at 5 mSv y-1.  In addition, it is recommended that the dose equivalent from each teaching exercise should not exceed one-tenth of the annual values.  These limits are quite low and may be compared with the natural  background  dose  rate  of approximately 1 mSv y-1(excluding the radon contribution) and the IRR99 recommended radiation worker annual dose limit of 20 mSv y-1.

In following these recommendations, the University is not required to register undergraduates as radiation workers or to provide radiation dosemeters.  Where honours students are engaged in project work under the close supervision of a member of staff, they may handle larger activities of unsealed radioactive material than those listed in Table II below, provided the University RPA is consulted beforehand on the arrangements for the experiment in question.  In such cases, the student will not be registered as a radiation worker but a radiation dosemeter may be provided as a precautionary measure.

To achieve the standards laid down, all experiments and demonstrations involving the use of ionising radiation should be carefully prepared with a view to minimising radiation exposure at all times.  Adequate supervision of undergraduates must be provided and instruction in correct handling techniques with a brief explanation of the hazards involved should precede the actual experiment.

A summary of the main ICRP recommendations is given below.

X-RAY APPARATUS


Should be completely enclosed (including the useful beam) in protective shielding such that the dose rate dose not exceed  5 μSv h-1 at a distance of 5cm from the shielding at the maximum operating conditions of the set.  Interlocks should be provided to shut off the useful beam if the shielding is moved.

DISCHARGE TUBES

These are potential sources of high radiation dose rates and should be checked by the University RPS under the actual working conditions before use in demonstration lectures, etc.

CLOSED (SEALED) RADIOACTIVE SOURCES


For sources causing external radiation, the activity is restricted according to the dose rate they cause when fully exposed.  Table I below gives the maximum permitted dose rate at 0.1m and the typical maximum activity for different types of source.

	Source
	Maximum Dose Rate

μSv h-1
	Typical Maximum Source Activity

	Beta-particle

Gamma-ray

Neutron
	50

10

10
	  50 kBq

 500 kBq

5000 n s-1


Table I
Recommended Maximum Dose Rate at 0.1m

Sources that do not satisfy these requirements should be shielded so that the dose rate does not exceed that given above for X-ray apparatus.  The University RPS should monitor them before they are used in teaching.  The shielding should carry a warning notice to the effect that a radioactive sources is present and the radioisotope and activity involved should be clearly marked.

All sources used in a teaching laboratory must be returned to secure storage at the end of the teaching period and a check made that none are missing.

UNSEALED RADIOACTIVE MATERIAL (OPEN SOURCE)

The attention of the student should be drawn to the necessity of avoiding contamination of the laboratory or themselves and the usual precautions for the use of open source material should be employed, ie, benchkote, spill trays, disposable gloves, etc.  The pamphlet 'Health Physics - A Short Account for Undergraduates', produced by the RPS in May 1997 may be helpful in this respect.

To reduce to an absolute minimum the risk from inadvertent inhalation or ingestion of unsealed radioactive material, ICRP recommend that the maximum activity in use in an experiment should not exceed one-tenth of the Annual Limit of Intake (ALI) for a radiation worker of the radioisotope involved.  Table II lists the value of this quantity for the radioisotopes most commonly used in the University.

	Radionuclide                  3 H     14C     35 S     32P      45Ca    59Fe      125I        131I

	One-tenth ALI (MBq)    100     4        3      0.5      1       0.5       0.1    0.08


TABLE II        Maximum Permissable Activity per Experiment

Most undergraduate experiments can be carried out with activities much smaller than those listed above.

Experiments using natural uranium and thorium compounds require particular care.  Table III gives the maximum quantity of these materials which may be used in teaching experiments.  The value quoted for uranium takes account of both chemical toxicity and radiation protection requirements.

	Element
	Activity (Bq)
	Mass (Milligram)

	Thorium

Uranium
	 5

50
	1

5


TABLE III        Maximum Activity of Thorium or Uranium per Experiment
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