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The Local Rules governing the use of radioisotopes at AU result from discussion between Radiation Protection Adviser (RPA), Health, Safety and Environmental Advisor (SEA), Radiation Protection Supervisor (RPS) and Safety Officer (SO).

The Local Rules are intended to safeguard the welfare of EVERY person who may be exposed to ionising radiation and require the CO-OPERATION of everyone involved in using ionising radiation.

0.0
Summary
Registration.
To be able to use ionising radiations (open and closed sources) at AU you have to be registered with your Departmental Radiation Protection Supervisor (RPS). If you work in research group, your supervisor or manager must sponsor you in this process. If you are an academic member of staff contact the RPS directly.

Work Areas.
There are specific areas where work with ionising radiations can be performed at AU. These are designated according to amount and type of radiation involved. Work using ionising radiation must not be performed outside of these areas. If a new area is needed, prior approval of the RPS is required.

Obtaining Radioactive Materials.
AU is licensed to obtain specified types and amounts of radioactive materials. These total amounts must not be exceeded, and the material must be stored and accounted for. Accordingly, we have strict procedures whereby only the designated RPS can approve the ordering of radioactive materials.

If radioactive items are to be obtained without purchase (e.g., from collaborating research groups outside AU), prior approval from the RPS is required.

Strict control of storage arrangements is required.

Training, Risk Assessment and Schemes of Work
Before any work with radiation can commence, the individuals involved must be trained. The risks involved in the work must be assessed and the outcomes incorporated into a suitably detailed safe scheme of work. Any new technique must be first practiced without the use of radioactive materials.

It is the research supervisor’s responsibility to ensure that these procedures take place.

Disposal of Radioactive Materials
AU is licensed to accumulate and dispose of radioactive waste. Procedures exist to manage such disposal and must be adhered to.

Monitoring and Record-Keeping
For safety reasons it is important that the workplace and worker are regularly monitored for radioactive exposure or contamination, and records of such measurements recorded.

Furthermore, we have the obligation to reconcile the amount of radioactive material coming into the University, with the amount that leaves (or decays). Record systems are in place to achieve this, and must be followed by all registered workers.

Obligations
It is a University disciplinary requirement that safety rules and procedures for the use of ionising radiations are followed and applied.

Furthermore, failure to follow these rules and procedures in such a way as to cause harm to people or the environment is a criminal offence, and individuals as well as the University are open to prosecution.

1.0
The Obligations

Ionising radiations are emitted by radionuclides (radioactive isotopes) and high voltage apparatus, particularly when designed to produce X-rays.  Normally, under the Radioactive Substances Act 1993 (RSA93) radionuclides may only be kept and used in premises licensed to be so used and may only be disposed of under a disposal certificate.  The licence specifies type, and specific description, amounts and conditions.  The certificate specifies permitted disposal routes (other than by natural decay) and rates of such disposal.  Some specific exemptions are in force concerning naturally occurring radioactive isotopes.  The licences allow for daughter radioactive isotopes arising by decay.  We are obliged to keep records to allow a complete accounting of all radioactive material brought onto the premises.

Licences and certificates for work with radioisotopes are issued by the Environment Agency (EA), who take into account factors such as; condition of the premises and equipment, personnel, drainage systems, activities and interests of the local stakeholders etc., as well as reasonable requests for amounts to enable the proposed work to be done. Note that both the EA and HSE (Health and Safety Executive) have authority to enter licensed premises for inspections during working hours without prior notification.
Under the Health and Safety at Work, Etc., Act 1974 (HSW74) an employer is required to prepare and present to his/her employees, a general statement of safety policy: - a policy intended to control the conditions and procedures at a work place so as to protect an employee.  The principle is extended to work involving ionising radiation by the Ionising Radiations Regulations 1999 (subsequently called IRR99) which require an employer to write "Local Rules regulating the use of Ionising Radiations" and to bring these to the attention of employees and, as far as is practicable, others who may be affected by them.  This general statement of Local Rules is extended by more detailed statements relevant to the specific work (Schemes of Work), which have been produced with the advice of the RPS (see Section 9) and if necessary the SEA and/or the RPA.

Contact details of safety / radiation supervisors and advisors are given in Section 9 and are posted on the AU health, safety and environment website (http://www.aber.ac.uk/safety-environment).

No new programmes of work may be started until the procedures documented here have been followed, and a copy of the extension of the local rules (see Schemes of Work and Risk Assessment, Section 8) is held by the worker(s) involved and/or is displayed at the place where the work is to be done.

A copy of the general statement of Local Rules (this document) must be obtained by every user of ionising radiation from the RPS, who will also bring it to the attention of others who may be affected.  The RPS also has copies of relevant codes of practice, for consultation, and copies of the IRR99 are available in the appropriate sections of the University Library, and via the AU intranet (http://www.aber.ac.uk/safety-environment).

The RSA93 Act requires a copy of each licence and certificate to be fully displayed in the premises for which they were issued.  A copy of each licence and certificate is displayed in each AU department using ionising radiations to which they apply. You are reminded that you must be fully conversant and compliant with the content of these documents as infringement is both a University disciplinary matter and a criminal offence, as is spoiling or removing a displayed licence or certificate.
Clearly the University must know which employees are working with radioactive materials, whether they are fit to be doing so and know enough about the work to be able to write appropriate schemes of work.  The workers must agree to support the Local Rules.  As infringement of IRR99 could lead to prohibition of all such work in the University by outside authority, the University must reserve the right to withhold or withdraw permission and facilities from an individual.  Hence all such workers must be registered.

Any person wishing to be registered should obtain from their RPS a copy of the Local Rules, together with a copy of the questionnaire which, when completed, ensures the availability to the University of essential information about the applicant (see Section 2), together with a declaration of willingness to abide by the Local Rules.  The completed form should be returned to the RPS, who keeps an up-to-date record of registered workers in his/her department and forwards a copy to the SEA for the whole University list.

Research Supervisors are responsible for checking that all persons working with radioactive substances under their supervision are registered.

2.0 
Registration and Training

Employers are required to give information, instruction and training, so that employees are able to work in accordance with IRR99.  Therefore all employees of the University whose work involves ionising radiations must be registered before such work commences. This requirement also applies to non-employees, such as students, who have been approved for such work.

2.1
Registration

It is the responsibility of research supervisors to make sure that all people under their supervision whose work involves ionising radiation have been registered.

Applicants for registration will be supplied with a copy of the Local Rules by the RPS, together with a questionnaire which is designed to ascertain whether the applicant has any previous records of exposure to ionising radiations and, if so, from where the SEA may obtain copies of those records.  The questionnaire also asks about the applicant's age, sex and any relevant medical history.  At the end of the questionnaire is a declaration to be signed by the applicant and witnessed by the supervisor, to the effect that the applicant has read the Local Rules, agrees to obey them, and to attend for medical examination if requested to do so.

All employees of the University who are registered as radiation workers will have their own copy of the Local Rules (this document), plus sheets containing their particular Schemes of Work (see Section 8), which will describe the particular procedures specifically applicable to the work with which that registered employee is concerned.

Each RPS will keep an up-to-date list of the registered workers in his/her department and the SEA will keep one of all the registered workers in the University.  A copy of the approved Code of Practice (ACOP) is available from the RPS for consultation and copies of IRR99 are available in the University Libraries and intranet.

2.2
Visitors

Visitors working with a research team will be considered for the purposes of these rules to be temporary employees.  Visitors who are merely observers, contractors and employees such as maintenance staff temporarily involved with ionising radiation will be lent copies of the rules and be accompanied by a research supervisor, or the RPS, who will inform them of any precautions necessary.

2.3
Training

Newly arrived staff without experience will be given basic training by their supervisors with support from the RPS or SEA if appropriate.  Initial work will be performed using non-radioactive substances until experimental procedures are mastered, followed by on-the-job supervised training using radioisotopes.

Further training and instruction will be by seminars arranged when necessary by the RPS, SEA and/or RPA.  If appropriate, employees will visit other institutions for training.

3.0 
Ordering, Storage and Disposal of Isotopes

3.1
Associated Record Keeping

The RSA93 Act and IRR99 require the employer to hold records for each sample of a radiochemical that; shows its source, accounts fully for it while in the employer's control and includes the means of disposal.

3.2
Ordering

In order to meet these requirements, it is the University's policy that every order for a radioactive substance must be countersigned by the RPS.  It is his/her responsibility to check that its arrival will not cause the departmental stock to exceed the amount allowed to the department.  The amount allowed may be either that stated on a licence which applies solely to the department, or a portion of the total amount allowed by a licence that includes more than one department.

The RPS will mark each individual stock of a radioactive chemical with a stock number, which will consist of capital letters which denote the department, the last two numbers of the year number and the consecutive number of the order in that year's sequence.  For example, AB/02/10 would be given to the tenth order in the year 2002 from department AB.

If the RPS is away and an order is urgent, the University SEA can validate it.

When the ordered radioactive substance arrives, the RPS is responsible for:

(i)
Checking that the details on the delivery note, and any labelling of the receptacle in which it arrived, correspond with those of the order.

(ii)
Putting the stock number and date on the delivery note and filing it with the order.

(iii)
Entering the details of the new stock onto the spreadsheet held on the central fileserver.

(iv)
Removing the packaging, labelling the shielding container with the stock number, and putting the same information at the top of a fresh departmental stock sheet.

(v)
Checking that the dose rate of ionising radiation does not exceed 7.5 micro Sieverts per hour (μSv h-1), or any lower rate advised by the SEA.

If the rate is excessive, adequate shielding should be arranged

3.3
Storage

All stocks of radioactive materials should be stored in lockable metal boxes or cabinets.  The key for such a store should be held by the research supervisor.  Reserve keys should be kept by the RPS.  The lockable store may be a suitable refrigerator or freezer, when the chemical reactivity of a substance makes it necessary to store it at less than room temperature.  In some laboratories coded padlocks have been substituted for locks with keys.

Dispensing must be carried out by a person designated in a Scheme of Work, or the RPS or SEA, in a dispensing area adjacent to the store(s).  Only one person at a time may be in a dispensing area and the time of entering and leaving the area must be recorded in the area's log-book.  The dispenser 

is responsible for recording the amount of a substance that he/she has removed from the stock, together with the date, on the stock sheet or book.

Dispensed amounts that are to be used in the open laboratory must not have more activity than that permitted in a single area of containment, either individually or collectively in that area.  Dispensed amounts greater than this must not be taken out of the dispensing area, except to an adjacent store.  Work in a dispensing area should be done within an area of containment, such as a washable tray lined with absorbent paper.

*** IMPORTANT ***

Any solution that may release an inflammable gas or vapour must NOT be stored in a refrigerator in which the thermostat control is inside the storage compartment.

3.4
Disposal

Disposals may ONLY occur by ways permitted by the disposal certificate(s), and ALL must be recorded in the disposal log, together with the method of disposal.  The RPS will check all disposal logs monthly for compliance and enter the totals on the spreadsheet held on the central fileserver.

For all records, amounts should be expressed in activity units, calculated from the volume or weight of the original sample involved, and the initial total activity of the sample.  For example, if 0.1 ml of a substance in solution is dispensed from an original volume of 1.0 ml, then one-tenth of the original activity has been dispensed.  When the stock has been completely used, the sum of the disposals should necessarily be equal to the activity of the original delivery.

NB: All disposals (liquid + solid) must be documented in duplicate; once, on the actual stock-sheet for that isotope and secondly on the relevant monthly disposal sheet detailing all isotopic disposals for that particular radiation laboratory.

When a radioactive sample has been in store for ten times its half-life, the remaining activity can be assumed to have become zero by natural decay and therefore the residue can be disposed of as non-radioactive waste. NB: When stock vials are spent all radioactivity related labels MUST be removed.

4.0
Open and Closed Sources; X-rays

Radioactive material may be considered to be a closed source of ionising radiation, when it is kept in a permanently sealed container throughout use, or an open source, where its use involves dispensing it from the container in which it was originally supplied.  Separate licences are issued to permit the holding of closed and open sources.  (Very small closed sources used for calibration purposes are usually exempt.)

4.1
Closed Sources

The immediate container of a closed source is intended to be kept intact permanently.  The source may be mounted on the end of a rod to facilitate safe handling.  An outer container which is openable supplies necessary shielding.  Closed sources must not be tampered with and must be inspected at regular intervals to check that the inner permanent container has not developed a leak, or been damaged and so is likely to leak.  When a closed source is moved inside a piece of apparatus, for example by air pressure along a tube, physical wear and tear can only be guarded against by regular inspection.

Normally, if the manufacturer's instructions for use and the conditions for the licence are adhered to, the use of instruments containing closed sources will be within IRR99.

4.2
Open Sources

Samples of open sources arrive in inner containers which can be opened to allow ready access and removal of the radioactive material.  Many substances arrive as small volumes of solution of a higher concentration than will be used in the experimental work.  All sources of radiation are potential irradiators of the external surfaces of nearby objects, including human beings, and should be treated with appropriate care.
While low energy beta-rays such as those from tritium do not penetrate even air readily, unshielded medium and high energy beta sources can give rise to very high skin doses.  Moreover, high energy beta-emitters such as 32P can give rise to the production of X-rays from certain materials and so contribute to the external dose.

Gamma-rays are more penetrating and have much longer ranges than beta particles, so have the potential to produce significant doses not only to the skin but also to radiosensitive internal organs.

(For information on the characteristics of commonly used radioisotopes, see Section 10.)

Since open sources are in effect in contact with the environment, there is the potential for them to be spread readily.  Particularly important (and potentially dangerous) is the diffusion of vapour, aerosols and fine dusts in the atmosphere, since these may enter the mouth, nose or skin through abrasions or cuts.  Once inside the body, the radioactive substance may not be eliminated quickly, especially if it is concentrated by selective absorption in some particular tissue, e.g. iodine in the thyroid gland.

4.3
X-Rays

When sufficiently energetic electrons collide with atoms, electromagnetic (EM) radiation is produced.  Such radiation may be produced inadvertently in electrical apparatus that uses high voltages.  The higher the operating voltage of the apparatus, the more energetic is the EM radiation produced.  At very high voltages, the produced EM radiation is in the form of X-rays, which are capable of causing ionisations themselves.  These inadvertent X-rays are likely to be emitted diffusely rather than as beams, but nonetheless any electrical apparatus with operating voltages greater than 15 thousand volts should be tested with instrumental monitors for X-ray emission and shielding added if necessary.  If for any reason this shielding or the original housing has been disturbed, the apparatus must be rechecked before it is used.

Apparatus intended to produce and to utilise X-rays should have been so designed that it is impossible for a user who follows the manufacturer's instructions to receive a significant dose of radiation.  The design must include safety mechanisms, such as:

(i)
An outlet from the X-ray generator must be un-openable when the generator is operating, unless the equipment using the beam from that outlet is in place.

(ii)
The target must be shielded so that no reflected rays leak from the target area and removal of this shield causes an immediate shutdown of the X-ray generator.

(iii)
It must be impossible to change the target when rays are focused on it without causing a shutdown of the generator.

The immediate area around any X-ray apparatus operating at 40 kV or more is a “no-go” area for unregistered persons.  Any worker using such an apparatus must be registered and have an appropriate Scheme of Work.  Persons operating apparatus at 40 kV or more must wear an extremity monitor on the index finger of the hand used preferentially, as well as a TLD on the body.

5.0
Controlled and Supervised Areas

IRR99 requires that certain laboratory areas are designated for the use of radioactive materials, and that work with radioisotopes in the open laboratory is strictly limited.

5.1
Controlled Area

Controlled areas are defined by risk assessment and where the instantaneous dose rate is

7.5 μSv.hr-1 or above, also the possibility exists of receiving an effective dose greater than

6 mSv yr-1 or an equivalent dose greater than 3/10 of any relevant dose limit, as set by the SEA.

It is necessary for any person who enters or works in the area to follow special procedures (i.e. scheme of work) designed to restrict significant exposure to ionising radiation in that area or prevent or limit the probability and magnitude of radiation accidents or their effects.

Access to a controlled area is strictly limited to registered workers whose Scheme of Work permits entry to that particular controlled area for specific purposes, while ensuring that correct record keeping and monitoring procedures are observed.

It is extremely important that all personnel using written Schemes of Work abide by the details set out therein, since they are designed to minimise the likelihood of workers being exposed to radiation hazards.

Each controlled area must be clearly delineated from other areas and be clearly marked.  Normally only one person may work in a controlled area at one time.  However, the RPS may permit a second person, who is teaching or supervising an inexperienced worker, to be present.

Maximum activities allowed in the controlled area:

	Nuclide
	Activity

	3H
	10 GBq

	14C
	300 MBq

	32P
	20 MBq

	35S
	200 MBq

	125I
	50 MBq


These maxima may be reduced by local risk assessment. Note, volatile or gaseous radiochemicals must NEVER be used on the open bench – always in a designated fume hood or glove box.

5.2
Supervised Area
Supervised areas are defined by risk assessment. The possibility exists of receiving an effective dose greater than 1 mSv yr-1 or an equivalent dose greater than 1/10 of any relevant dose limit, as set by the SEA.

These areas are for radiation work of a lower, but still significant hazard.  A particular part of a supervised area, for example a fume cupboard, may be designated as a controlled area.

Maximum activities allowed in the Supervised area:

	Nuclide
	Activity

	3H
	3 GBq

	14C
	100 MBq

	32P
	5 MBq

	35S
	50 MBq

	125I
	20 MB


These maxima may be reduced by local risk assessment. Note; volatile or gaseous radiochemicals must NEVER be used on the open bench – always in a designated fume hood or glove box.

5.3
Areas of Containment

An area of containment is defined as an area in which radioactive contamination, should it occur, could be immediately isolated and made safe.  The area of containment should obviously permit decontamination and disposal of contaminated materials without any risk of other areas becoming contaminated.

In practice, areas of containment will usually be plastic or metal trays of sufficient size to accommodate all manipulations involving radioisotopes, and they must be lined with an absorbent material such as “Benchcote”.  Areas of containment should be regularly monitored and decontaminated whenever surface contamination exceeds 10 Bq.cm-2

All areas of containment must be clearly marked with an appropriate sign(s).  For volatile compounds, or compounds where there is a risk of aerosol formation, areas of containment must be within fume hoods.

Bench tops in all laboratories must normally be maintained in good condition and ideally covered with an impervious surface such as melamine.  In addition to these normal considerations, bench tops carrying areas of containment must be further protected by an absorbent material supported by an impervious layer e.g. "Benchcote" (absorbent side upwards).

6.0
Classified and Non-Classified Workers; Dose Limits for Women; Visitors

Under IRR 1999, "classified" workers are those liable to receive an effective dose greater than 6 mSv yr-1 or an equivalent dose in excess of 3/10 any relevant dose limit.  With the nature and quantity of radioisotopes in use at AU it is highly unlikely that any worker would achieve this level of exposure, and this view is borne out in practice by our dosimetry records.

The question of the necessity for classification of workers will be kept under review with our RPA and appropriate action will be taken when and where necessary (some workers who visit nuclear or related facilities abroad may need to be classified here).

Where it is appropriate, registered users of radioisotopes or apparatus producing ionising radiation will carry TLD and/or extremity badges.  However, in general dose limitation will be effected via written Schemes of Work, which regulate access of registered workers to Controlled Areas, and by following these Local Rules.

It should be stressed that under this scheme the responsibility for dose limitation rests with individual workers and their supervisors, both through safe handling of radioisotopes and careful record keeping.

The over-riding principle is to keep radioactive doses as low as reasonably practicable.

6.1 
Dose Limits for Women of Child-Bearing Age + Pregnant Women

IRR 1999 recognises the especial importance of limiting the dose in these categories of workers. Schedule 4 (part I, 5) of the regulations states:

"The limit on equivalent dose for the abdomen of a woman of reproductive capacity who is at work, being the equivalent dose from external radiation resulting from exposure to ionising radiation averaged throughout the abdomen, shall be 13 mSv in any consecutive period of three months."

Furthermore, regulation 8 (Pt. 5a) instructs that, following notification of pregnancy to the employer, the equivalent dose to the foetus should not exceed 1 mSv during the remainder of the pregnancy.  Thus, in relation to exposure to external radiation, equivalent dose to the surface of the abdomen should not exceed 2 mSv.

Dose rates at various distances from a source of ionising radiation can be calculated from the data provided by Amersham, or see appendix III.  Anyone in doubt regarding this should consult the RPS.

6.2
Visitors: Outside Workers, Maintenance, Cleaning Staff

Periodically, work not related to radioisotopes is necessary in the radiation suites and designated areas, necessitating access by outside contractors, maintenance and/or cleaning staff.  When such instances arise the RPS must be contacted beforehand to allow time to confirm background levels of radioactivity are extant - and also allowing arrangements with radiation workers; to reschedule their experiments around such work.

7.0
General Working Procedures, Contingency & Emergency Plans 
7.1
General Procedures

The following procedures apply to all work with radioisotopes:

(i)
Laboratory coats must be worn at all times.

(ii)
Eating, drinking, smoking and application of cosmetics are prohibited.

(iii)
No mouth operations are allowed so, e.g., self-adhesive labels or glass marking pens must be used.

(iv)
Plastic gloves should be worn when handling radioactive substances, but REMOVED before leaving the laboratory.

(v)
Taps, switches and monitors must NOT be handled with plastic gloves, but with a paper tissue.

(vi)
Gloves, laboratory coats and other clothing as appropriate, must be monitored after working with radioactive material.

(vii)
All work in an open laboratory must be within an area of containment.  Advisedly, areas of containment should also be used in controlled/supervised areas.

(viii)
All glass or plastic apparatus used to hold radioactive substances should be clearly marked and must not be allowed to mix with apparatus that has not been used for radioisotope work.  After use, it must be monitored and, where necessary, decontaminated before washing and either storage or disposal.

(ix)
All washing of glassware, trays, etc. should be in a sink set aside for the purpose.  Its waste outlet must go directly to the outside drain without any side junctions except from a similar sink.

(x)
Hands must be monitored and washed in the hand sink on leaving the laboratory.

In practical terms, the amounts and types of radioisotopes that are currently used at Aberystwyth (14C, 3H, 125I, 32P, 35S) are such that the greatest potential external hazard is to the hands of workers using these materials.

This should be minimised by:

(i)
appropriate shielding (for example a 1cm thickness of Perspex for the high energy beta radiation from 32P).

(ii)
use of forceps/tongs so that fingers and hands, and hence whole body, are farther away from the source (recall the inverse square law!).

(iii)
reducing the time required for manipulations to the safest minimum.

When working in a designated radiation laboratory area, the following information must be entered in the log-book provided for that area:

(i)
time of entry

(ii)
time of exit

(iii)
stock number and amount of any isotope used

(iv)
surface radioactivity of area of bench used before and after carrying out any manipulations with radioactive materials

3H, 14C + 35S  Hazard Assessment

A film badge is not necessary.

Under normal experimental conditions, following the correct procedures, the external radiation hazards from compounds of 3H, 14C and 35S are insignificant since the maximum  -ray energies cannot penetrate the outer layers of skin.  However, although the biological half-lives of (separated) 3H, 14C and 35S reduce the internal radiation hazard that might be anticipated from the long physical half-lives of 3H and 14C, it should be noted that many compounds do have significantly long biological half-lives.  Because of the low -energies from 3H, the radiation cannot be monitored directly, and therefore special care is needed to keep the working environment clean and tidy.  Regular monitoring by swab counting (see appendix I) is essential to reduce the risk of ingestion due to surface contamination.  Surface contamination may also interfere with experimental results.

32P Hazard Assessment and Practise

1)
Radiochemicals labelled with 33P are becoming increasingly available.  This radionuclide is significantly less hazardous than 32P; thus all workers are required to justify continued 32P use in the Scheme of Work/Risk Assessment procedure.

2)
Experimental work should take place in a designated externally-vented fume hood for quantities of 32P compounds with an activity greater than 5 MBq.

3)
Film badges and extremity monitors (‘finger-stalls’) should be worn.

4)
Due to the high penetrating power of the radiation from 32P any article or material with a dose rate of 7.5 (Sv hr-1 or greater at the surface, must be manipulated with forceps or other remote handling equipment and lead impregnated rubber gloves are recommended.  

5)
When dispensing from large stocks of 32P, the use of  Perspex screens/blocks along with the proper tools for opening stock containers (and shields for the pipette) will largely eliminate external dose.
6)
In general the operator should use Perspex shields for all 32P work.

The external radiation hazard from 32P can be quite severe since 32P emits (-particles of maximum energy 1.7MeV and due to the relatively short life (14.3 days) high activity solutions are sometimes used particularly when dispensing from stock.  The maximum range of the (-particles is ~ 7 metres in air and effective shielding is required to minimise the radiation hazard to the whole body in general and to eyes and fingers in particular.  The (-dose rate at the surface of a thin vial containing 37 MBq of 32P is 7,800 mSv/hr, so that the annual dose limit to the hands (150 mSv for a registered radiation worker) would be exceeded in approximately 1 minute if the vial were handled directly.

Alternatively, a splash of ~ 37 kBq cm-2 on the skin of the hand, if undetected for 24 hours would cause the annual dose limit to the hand to be exceeded and would result in a radiation burn.

Since radiation dose-rate decreases markedly with distance from the source, use must be made of remote handling tools and Perspex shielding, with limited time spent near sources, to minimise total dose.  Checks on the effectiveness of experimental techniques should be made using T.L.D. finger-stalls.  Some safety glasses can considerably reduce (-doses to the eyes while thick or lead 

impregnated rubber gloves can reduce (-doses to the hands.  The internal radiation hazard is negligible if normal operating procedures and clean working practices are adopted.
7.2
General Contingency & Emergency Plans

A spill, that is, loss of radioactive material outside the area of containment, is the most likely accident.  If the rules concerning designated areas are followed, only minor spills of open sources are possible in the open laboratory.  A major spill is very unlikely but can occur in a controlled area.  Unless the controlled area has solid physical boundaries a spill may spread to adjacent areas of a laboratory.

The other likely types of accident are those that may occur in any laboratory where chemical procedures are used and there are gas and electric supplies.  The presence of radioactive substance(s) may or may not add to the complications.  The possibilities of added complications should be considered when constructing the scheme of work and appropriate additions made to the general safety procedures.

MINOR SPILLS

a) of LIQUID . . .

(i)
ensure gloves are being worn

(ii)
drop a handful of paper tissues on the site of the spill

(iii)
mop up spill (working from the outer edge toward the centre) with tissues,

then decontaminate with fresh, damp tissues (5% v/v detergent i.e. Decon) 

(iv)
monitor the surface at intervals until clear

(v)
allow surface to dry and re-monitor

(vi)
report the spill to the RPS

NB: It is important to mop-up activity before it dries out and becomes airborne!
b) of SOLID . . .

(i)
ensure gloves are being worn

(ii)
cover spill with DAMP paper tissues

(iii)
mop up spill with damp paper tissues and decontaminate by

(iv)
repeated dose of new tissue until clear, monitoring at intervals

(v)
allow surface to dry and re-monitor

(vi)
report to the RPS

c) if the spill is on the FLOOR . . .

(i)
monitor the floor and mark affected areas by ringing with chalk or chinagraph

(ii)
continue as above for liquid or solid spill

(iii)
monitor shoes before leaving laboratory to report spill to RPS

d) if CLOTHING is involved . . .

Any clothing found to be contaminated should be removed and left in the radiation laboratory area, until the RPS has been informed and can deal with the matter.

MAJOR SPILLS

Where a relatively large amount of radioactive material is involved, contamination of surrounding areas including the skin and clothing of personnel nearby assumes greater importance.

(i)
If the accident may have resulted in the release of radioactive aerosols or dust, all persons within the airspace should evacuate it immediately and close the door (this possibility should have been considered in the scheme of work, and practised previously by the workers involved).

Where the controlled area in which the accident has occurred has solid physical boundaries, i.e. is a room or a delineated part of a room, it must be evacuated and the door closed - but with the evacuees remaining just outside the door which has been shut. 

Where the accident has occurred in a fume cupboard, the cupboard should be closed and the fan switched off if necessary (unless the radionuclide is volatile or gaseous).

(ii)
All personnel should be monitored for contamination of clothing, including footwear.  Contaminated clothing should be removed and left by the door, preferably in a container (such as a plastic bag).

After removal of contaminated clothing, the personnel involved should be monitored for contamination of skin.  Persons with skin contamination should go at once to the nearest wash-place and wash the area repeatedly until the contamination has been removed (see appendix II).  Medical attention for any injured workers should be obtained as soon as possible.

(iii)
The RPS should be called, either by a person involved who was not contaminated, or by passing information verbally to a person not involved but who is or comes within earshot.  If the RPS cannot be contacted immediately, the RPS of another department or the SEA should be called and asked to supervise the operation until the RPS arrives.  The RPS, after consulting the SEA if necessary, should plan and supervise the decontamination of the affected area.

(iv)
The RPS will supervise decontamination, and entry to the affected area will be solely on his authority, until he is satisfied that it is safe to declare the laboratory usable.

MIXED ACCIDENTS

It is possible that an accident such as a fire or an explosion may not primarily involve radioactive substances, but that if radioisotopes are present at the scene of the accident, there may be a subsequent release of radioactive contamination.  So, for example, if there has been an explosion resulting in damage to apparatus containing radioactive substances, it should be assumed that the radioactivity has been scattered, possibly unevenly, and appropriate action will be necessary.

In all cases of mixed accidents, the first action to take is to follow the safety procedures necessary after any fire or explosion.  For example, the fire should be extinguished, or the room evacuated and the door closed while further help is sought.

Once there is no danger from the immediate cause of the accident, the RPS should supervise decontamination and clean-up, as described above for major and minor spills.

NB: 'Spill-packs' comprising; Plastic bag containing: gloves, overshoes, disposable overalls and a wad of absorbent material (cotton waste, paper towels etc.) to facilitate above procedures are available in each designated area.

CLOSED SOURCES

Containers of radioisotopes which are allowed under the closed source registration are unlikely to leak radioactive material under normal use.  If an inspection gives any doubt about the integrity of the container, a wipe test must be made.  If the source is one that is moved about inside some apparatus, any sign of wear and tear should lead to its disposal and replacement. If a sealed source is found to have been damaged checks for contamination of the apparatus and surrounding area should be made and, if positive, an exclusion zone established (<7.5μSv/hr) and the RPS and SEA notified.
Where a closed source which is normally mounted in apparatus (e.g. as an external standard in a scintillation counter or in the electron capture detector of a gas chromatograph) becomes detached and cannot be found on the licensed premises by instrumental monitoring, it must be treated as a lost source and the RPS and SEA consulted about the procedures to be followed (described in the source licence and IRR99).

If a detached source has been found an exclusion zone should be established (<7.5μSv/hr), the RPS and SEA notified to arrange for it to be made safe, with assistance if necessary from the RPA.

REPORTING

ALL accidents must be reported in writing to the RPS, who will investigate the cause (if not clear) of the accident.  If there has been an injury to a person or contamination of a person's clothing or skin, the SEA must be informed. 

8.0
Schemes of Work + Risk Assessment

It is necessary under IRR99 to produce and retain written records of all work undertaken with radioisotopes.  These records are referred to as Schemes of Work.  Schemes of Work are intended to provide information on the ways in which isotopes are to be handled by registered workers and to provide the means whereby the RPS, SEA and RPA may assess the potential hazards associated with specific experiments involving ionising radiation.

Schemes of Work must include details of isotopes and specific radiochemicals used, approximate quantities of radioactivity likely to be involved, an outline of the ways in which radiolabelled materials will be manipulated in the course of the work and disposal procedures.  While in general Schemes of Work will be applicable to a whole research group involved in specific types of experimentation with radioisotopes, it is important that each individual worker is in possession of, and fully understands, the appropriate Schemes of Work.

When a new Scheme of Work is being written, every step of procedure should be examined for potential hazards, with a view to possible adjustments that could be made, in order to avoid them.  When a potential hazard cannot be avoided, a contingency plan should be produced to deal with the situation if this hazard was realised.  Any procedure that is new should be tried out first with non-radioactive materials and written in sufficient detail to enable a good bench worker to carry it out without previous experience of doing it.

Research programmes tend to develop and to be modified over a period of time and it is essential that Schemes of Work are reviewed and updated so that they remain appropriate.  The production and updating of Schemes of Work is the responsibility of the research supervisor and should be carried out in consultation with the RPS and if necessary the SEA.

The RPS will retain copies of all Schemes of Work for experiments being conducted in his/her department.  It is envisaged that Schemes of Work will take the form of loose-leaf files containing the work record of individual research groups, and that research supervisors will keep a complete set for the whole group.  Modifications to originally agreed schemes may be recorded by additions to this file after consultation with the RPS.

8.1
Guidance On Writing A Scheme Of Work

Information that should be included in a Scheme of Work:

1)
Title of the experimental protocol to which the Scheme applies

2)
Supervisor's name, department, home address and home phone number

3)
Research Worker's name, status (Postdoc, Postgrad, technician etc...),

Aberystwyth address and phone

4)
Names of isotope(s) to be used

5)
Names of the labelled compound(s) to be used

6)
Details of the experimental procedures to be followed

7)
Disposal procedures to be used after the experiments, including estimates of % activity (withdrawn from stock) going to solid waste.

8)
Potential hazards and contingency plans for dealing with them

A typical Scheme of Work might look something like this:

	SCHEME OF WORK FOR THE IODINATION OF PROTEINS

DATE:



31 March 1997

SUPERVISOR:


Professor H. Jones

DEPARTMENT:

Institute of Animal Studies

ADDRESS:


Bryn Mawr, Llangorwen, Aberystwyth

Tel:                                                 (01970) 828999

RESEARCH WORKER:
Dr J. K. Smith

ADDRESS:


Pentre Jane Morgan, Aberystwyth (01970) 765432

RADIOISOTOPE:

125Iodine (as iodide in NaOH solution)

SPECIFIC ACTIVITY:

630 MBq per microgram

PROCEDURE

125I is purchased from Amersham International in pack sizes of either 37 MBq or 74 MBq (sufficient for two or four iodinations).  The iodinations will be carried out in a Benchcote-lined tray in the fume cupboard of room T26, Stapledon Building, by Dr J.K. Smith.

Using a micropipette with a disposable tip, 18.5 or 37 MBq of 125I is transferred from the Amersham microvial into a 75 x 12 mm glass tube, containing an oxidising agent and the protein to be iodinated.  The glass tube is held in an Amersham lead container.  After 1 to 2 min of reaction, 0.25 ml of buffer is added to the tube.  The mixture is then transferred with a glass Pasteur pipette to a 1 x 10 cm plastic prepacked desalting column.  The column is eluted with buffer and 20 x 1ml fractions collected into a series of 5 ml screw-capped polypropylene tubes.  Each fraction occupies only one-fifth of the volume of the tube and so, by handling only the tops of the tubes, the dose rate is minimised.

Twenty five microlitres of each fraction are then dispensed into a Luckham LP3 tube for counting on the gamma counter.  Usually the two to five fractions with the highest c.p.m. are retained for use in the radioassays, while the remaining fractions are disposed of immediately down the waste sink.  For transport to Peithyll field station, the saved fractions are placed into a lead container, which is then packed into a metal box with a secure lid.

The contaminated pipette tips, glass pipettes, glass and plastic tubes are washed in Decon 90 and rinsed under running water before disposal in the 125I solid waste bin in T26.  The desalting column is stored in a lead tube for ten half-lives, after which it can be disposed of in the solid waste.

The immediate area and personnel are monitored and any contamination greater than background is removed with Decon 90.  Laboratory coats and vinyl gloves are worn throughout the procedures.  The fume cupboard, work surfaces and sink are monitored for radiation before and after use, as are hands and wrists before and after hand washing.

Normally about 30% (i.e. 5,550 kBq) of the 125I will be incorporated into the saved fractions, so that the balance of 12,950 kBq becomes waste.  About 90% (11,655 kBq) is liquid waste and is disposed of in the sink, while 10% (1,295 kBq) is disposed of as solid waste.

POTENTIAL HAZARDS

The main potential hazards of this work are spillage, contamination of personnel via the skin, or ingestion of 125I as a result of aerosol formation and inhalation.  In order to reduce these risks, iodinations are carried out a lined tray in a fume cupboard.  Gloves, laboratory coats and a lead-lined apron are worn throughout the procedure.  Monitoring is carried out using a Nuclear Enterprises Ratemeter with a gamma probe.  Minor spills are covered by Section 7 of the Local Rules.  In the event of someone becoming contaminated, the RPS and SEA will be immediately informed and action taken as described in Section 7 of the Local Rules.




8.2
Risk Assessment

Each scheme of work must now be prepared (or existing schemes updated) after consideration of the outcomes of a risk assessment.  The assessor should be familiar with the properties of all radionuclides intended for use.  Moreover, other issues requiring consideration include; could sealed sources be used for this application?; the quantities handled and the frequency of procedures; the degree of any external hazard; the degree of any air contamination hazard; manufacturer's guidance relating to storage, dispensing and handling of material; the risks associated with different waste streams; the grading and suitability of laboratory facilities; the effectiveness of general procedures taken to restrict exposure i.e. shielding, containment, monitoring and protective clothing.

Therefore:-

1)
Identify potential hazards

2)
Decide who might be harmed and how (in addition to radiation workers; trainees, expectant mothers, cleaners, visitors, contractors, maintenance workers, members of the public must also be considered)

3)
Evaluate the risks (high, medium or low) and decide whether existing precautions are adequate or whether more should be done - can the hazard be obviated or reduced (e.g. by not using radionuclides, or using a less active material, such as 33P in place of 32P)?

4)
Perform dose assessments for the workers involved.

5)
Record your findings (in the scheme of work) and communicate the information to all concerned.

6)
Review your assessment and revise if necessary (i.e. annually and/or when experimental protocol is changed)

9.0
Designated Radiation Areas, Radiation Protection Supervisors
9.1
Designated Radiation Areas
The University has five buildings where work with ionising radiations can be undertaken: Cledwyn, Edward Llwyd, Llandinam, Physical Sciences and George Stapledon.

Within these buildings, the designated areas (Controlled/Supervised) are organised on a departmental basis:

IBS


Supervised Areas:
Cledwyn, F33 (Genetics)

Cledwyn, T26 (Biochemistry)

Edward Llwyd, 302 (Zoology)

Edward Llwyd, GF26 (Botany/Microbiology)





Controlled Areas:
Edward Llwyd, GF1 (Botany/Microbiology)








Fridge/freezer - Edward Llwyd, 302 (Zoology)



Fridge/freezer - Cledwyn, F33







Fridge/freezer - Cledwyn, T26 (Biochemistry)

IGES


Controlled Areas:
Llandinam, B7
Llandinam, B11
Llandinam, B15a
IRS (Llanbadarn)
Supervised Area:
Animal Science Lab





Controlled Area:
Annex (off Animal Science Lab)

Physical Sciences
Supervised Areas:
Material Physics Laboratory

PT.1 Laboratory

Regular independent monitoring is carried out in these areas according to a proforma devised for each area.

9.2
Departmental Radiation Protection Supervisors

The following are the Radiation Protection Supervisors for departments at AU in which work with ionising radiations is currently undertaken:

Geography + Earth Sciences:
Dr G. Duller

01970 62 (2611)
ggd@aber.ac.uk

Department of Physics:

Dr A. Evans

01970 62 (2803)
dne@aber.ac.uk

Rural Studies:


Mr B Davies

01970 62 (2231)
bbd@aber.ac.uk

Biological Sciences:

Dr MG Holland
01970 62 (4178)
moh@aber.ac.uk

Within IBS, day-to-day operation of the four supervised areas is supervised by:


Biochemistry

Mr A. Evans

01970 62 (1916)
age@aber.ac.uk


Genetics

Mr A. Evans

01970 62 (1916)
age@aber.ac.uk


Zoology

Dr MG Holland
01970 62 (4178)
moh@aber.ac.uk


Botany/Microbiology
Dr MG Holland
01970 62 (4178)
moh@aber.ac.uk

SUPERVISING MEDICAL DOCTOR

Contact SEA: http://www.aber.ac.uk/safety-environment
10.0
Definitions; Glossary; Bibliography

It is important to appreciate that a source of ionising radiation emits radiation at a particular rate, and so there will be a particular dose rate associated with a specific source.  This dose rate depends on the nature and quantity of the isotope, the energy and type of radiation involved and the distance of the absorber from the source.

The aim of IRR99 is to protect all radioisotope and X-ray workers from exposure to excessive doses of ionising radiation.  Doses of radiation are assessed in terms of absorbed dose and dose equivalent.

ABSORBED DOSE

This is a measure of the energy deposited in a medium by any form of ionising radiation.  The SI unit of absorbed dose is the Gray (Gy) and is equivalent to an energy deposition of one joule per kilogram.  In itself, this measure doesn't tell us directly about the biological effects of a dose of radiation.

DOSE EQUIVALENT

When assessing the biological hazard that is associated with a particular absorbed dose, the term dose equivalent is used.  The SI unit of dose equivalent is the Sievert (Sv) and for X-rays, gamma-rays and beta-particles it is numerically equivalent to the absorbed dose.  The Sievert is the unit which is used in defining dose limits throughout IRR99.  Measured in sievert (SV), joules per kilogram (JKg-1)

EFFECTIVE DOSE

Quantity obtained by multiplying the dose equivalent to various tissues by the appropriate tissue weighting factor and summing the products.  Measured in sievert per becquerel (Sv Bq-1)

DOSE MINIMISATION

The absorbed dose is the product of the dose rate and time of exposure, and so minimising

the period of exposure to radiation is an important aspect of dose limitation.

Since the intensity of ionising radiation obeys the inverse square law, the other important aspect of dose limitation is the distance of the body from the source.  Consider, for example, a 3 MBq sample of 32P in a glass vial:


at a distance of 1 cm the dose rate is 200 mSv / hr


at a distance of 10 cm the dose rate is 2 mSv / hr


at a distance of 100 cm the dose rate is 0.02 mSv / hr

The table on the next page provides information on the radioisotopes in common use within the University.  It can be seen that workers will be adequately shielded from beta-radiation produced by 3H, 14C and 35S by glass and plastic containers.  Where 32P is in use, the appropriate shielding can be provided by 1cm thick Perspex.

Note also that the important limit for 125I is the Internal Hazard Limit of 10 MBq.

ISOTOPE CHARACTERISTICS

	isotope
	3H
	14C
	35S
	32P
	125I

	radiation
	beta
	beta
	beta
	beta
	gamma

	energy (MeV)
	0.019
	0.156
	0.167
	1.709
	0.035

	max range in air (cm)
	0.6
	24
	30
	720
	—

	half-life
	12·3 y
	5730 y
	87·4 d
	14·3 d
	60 d

	amount of isotope giving dose rate of 2 mSv/h (in vial without shielding):
	
	
	
	
	

	at 1 cm
	n.a.
	n.a.
	n.a.
	30 kBq
	5 MBq

	at 10 cm
	
	
	
	3 MBq
	500 MBq
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Appendix I - Example Of Wipe-Test For Tritium

In order to check for any possible contamination, it is required of the users of tritium to take routine wipe tests. (Because of the low beta energy it is not practicable to detect tritium with a portable monitor.)

Method:

A 6cm Whatman GF/A filter paper (or No.1) is folded to form a small pad.  This is then moistened with distilled water, held with tweezers and the area to be tested is then wiped.  It is usual to wipe approximately 100 cm2.  This can be done by wiping a 10cm x 10cm square or a straight or random transect of approximately 50cm in length (pad should be approximately 2cm wide).  The filter paper is then put in a vial of scintillant that accepts aqueous samples and is ready for counting.

Results

In analysing the results, it is assumed that the wipe test takes 10% of contamination and that 100 cm2 are sampled.

for 37 Bq/cm2 one should detect 37 x 0.1 x 100 dps

= 370dps

= 22,000 dpm

A record should be kept of the results of the wipe tests.

Action to be taken on results

a) >220 dpm <22,000 dpm - clean if practical, importance of removal dependent upon nature of work. (Remember it is important to keep contamination as low as reasonably achievable.)

b) >22,000 dpm - clean as soon as possible and remove as much contamination as reasonably practicable.  Look into possibility of other items being contaminated.

Where to Wipe?

The most obvious places are bench tops adjacent to where work took place.  Also, anything that could have been accidentally handled, e.g. fridge doors, cupboard fronts, automatic dispensers or pipettes, etc.

How often to Wipe?

This is at the users' discretion, but should be carried out according to the amount and frequency of experiments, e.g. if experiments are once every 3 months, after each experiment has finished would be sufficient, but if the work was continuous for a period of time, then making tests once per week would be more prudent.

When work is in progress in a non-designated area then a minimum of a monthly survey should be performed and in a supervised or controlled area a minimum of a weekly survey should be performed.

If users have any difficulty in removing contamination or require further information on wipe tests or monitoring in general they should contact their RPS/SEA/RPA as appropriate.
Appendix II - Decontamination Procedures
NB:
All personnel involved in decontamination procedures should be protected by the use of appropriate PPE; some chemicals used may require COSHH assessments to be made.  Before commencing decontamination, any spilled iodine must be rendered chemically stable by treating the contaminated area with alkaline sodium thiosulphate solution.  Excess radioactive liquid should be initially removed using blotting paper or absorbent paper swabs, and disposed of as radioactive waste.  Starting from the outer edge, decontaminate the area in convenient sectors by wiping and scrubbing with detergent and water.  The mop should not be used to soak up cleaning liquid until heavy contamination has been removed by blotting paper or absorbent tissues.  When the mop is used, keep one bucket for clean water and one for contaminated water.  Monitor all persons and equipment involved in cleaning.  Any contaminated equipment should be placed in polythene bags.

Glassware
For glassware, use an alkaline detergent, proprietary decontaminating solutions, or ammonium citrate.

Plastics

For plastics, treat as for glassware, and in addition, dilute nitric acid is

sometimes effective.

Metals

For metals, if mild detergent solutions have no effect, use a heavy-duty detergent or dilute sulphuric acid; or for stainless steel a mild proprietary abrasive cream is usually very effective.

Paintwork
For paintwork, a detergent in water should usually suffice.  If this proves

unsuccessful, a gel type paint stripper should be used.

Floors

For cleaning PVC floor coverings, the protective emulsion coating that these floors should have can be removed with hot water.  If hot water or a detergent cleaner does not remove the contamination, then the affected parts may have to be replaced.

For cleaning other floor coverings, which have a waxed surface coating, use a suitable solvent to remove this protective layer, and hopefully the contamination will be removed.  If not, the floor covering may have to be replaced.

Bench tops
Varnished bench tops can be cleaned as for paintwork, and Formica bench tops can be washed with the proprietary cleaning solutions, or if necessary, a mild abrasive cream can be used.

‘Corian’ bench tops can even be rubbed down with ‘wet & dry’ emery paper.

Dealing with PPE
Disposable gloves, sleeves or aprons that become contaminated, can be disposed of with the radioactive waste, and there is no problem.  However, if one’s laboratory coat becomes contaminated, the contaminated area should be washed with a proprietary detergent in the laboratory before sending it to the laundry, or it may need to be left in a safe place for the activity to decay, or it may be discarded as radioactive waste.

On no account must contaminated clothing be sent to the laundry.

Personal decontamination

For all personal contamination, the possible need to seek medical advice should be borne in mind.  For contamination of the skin, e.g. arms, hands etc., the first step is repeated washing with large quantities of soap and running water, paying particular attention to nails.  If the contamination persists, it should be washed and scrubbed gently, using a soft brush, with a deep cleansing soft soap or liquid soap, such as 'Clearasil' or 'Dermactyl' - alternatively, 1% Decon 90 in water maybe effective.  Care must be taken not to break the skin.  If the contamination persists after several wash and scrub treatments and the contamination is restricted to parts of the hands, these may be cleansed with a saturated potassium permanganate solution.  This will remove a superficial layer of skin, and care must be taken to ensure that no undissolved crystals are present.  The brown discoloration left by the permanganate can be removed with a 10% solution of sodium metabisulphate.

For Iodine a preliminary wash with fresh dilute (0.1N) sodium thiosulphate solution is recommended (if readily available) for the removal of surface iodine, this normally causes a temporary discolouring of the skin and should not be viewed with alarm.  Ensure the skin is not broken by excessive rubbing during these procedures.

Great care is needed when decontaminating the face to ensure that active liquid does not touch the lips or enter the eyes.  Damp, but not dripping, paper swabs should be used first with soap and water, followed by detergent, dilute sodium thiosulphate (5%) solution as required.  Soap and water, or if necessary, detergent or EDTA soap should be used to remove any contamination of the hair. Contamination of the mouth or lips should be removed by washing with water or saline solution (10% solution - common salt). Any contamination of the eyes should be removed by irrigation with saline solution.  Any contamination of the skin surrounding the eye should be removed before irrigation.  The eyes should not be irrigated by any of the other chemicals.
If a personal contamination level greater than 30 Bq/cm2 is noted the details of the incident should be notified to the RPA as soon as is practicable.
If the skin is actually broken in the area of contamination, the wound should be opened and irrigated immediately with tap water or a saline solution, taking care to limit any spread of contamination on the skin.  Bleeding to a reasonable extent should be encouraged.  Both the area of the wound and the object, which caused it, should be monitored for radioactive contamination.  All wounds of this nature should be reported to the SEA, RPS and Medical Adviser.  Anyone inhaling or ingesting radioactive dusts, vapours or gases should consult the SEA at once.
If any other parts of the body are contaminated and the contaminant is not easily removed by ordinary washing then specialist help should be obtained.

If serious injury, cuts and wounds are associated with the contamination, these should be irrigated and first aid measures taken before dealing with the contamination.  Body openings, such as eyes, ears, nose and mouth should always be decontaminated first.  Decontamination of any 'hot spots' on other parts of the body should be dealt with next.  Care should be taken to ensure that washings do not contaminate other areas.  If the casualty has to go to hospital for treatment of wounds, only superficial contamination should be removed as a first aid measure.  Emergency showers in the open lab or corridor should not be used for dealing with a contaminated person as this can spread the contamination.  For hand arm and head contamination it is better to use a hand wash basin and for legs a footbath.  However, if required an emergency shower is available to AU workers, SEA or RPS will advise.

Appendix III - PROTECTION FROM THE EXTERNAL HAZARD

Doses can be minimised by :-

(a)
keeping one’s distance - sources must never be directly handled using fingers,

(b)
use of effective shielding,

(c)
keeping the exposure time to a minimum, and, in the case of work with radioactive materials optimising the amount used.

Keeping One’s Distance

The dose-rate associated with any point source of gamma or x-radiation is inversely proportional to the square of the distance from the source - the inverse square law -

D(1/r2
Therefore, doubling the distance from the source, reduces the dose-rate by a factor of 4.

Always remember closeness endangers - distance protects.

A useful expression for estimating dose-rates from penetrating beta emitters is:-

D = 760A

D is the dose-rate in microSieverts h-1 at a distance of 10 cm from a point source

A is the source activity in MBq

(From work by Prime and Frith, Univ of Manchester published in Radioisotopes in Biology by Slater, p.13)
A useful expression for calculating the approximate dose-rate from a gamma source is:-

D = ME
         6r2
D = dose-rate in microSievert h-1
M = activity in MBq

E = energy/disintegration in MeV

r = distance from source in metres

(From an Introduction to Radiation Protection by Martin and Harbison, p.78)

Both of the above expressions assume no shielding, and a monitor should always be used to establish the true dose-rate.  

The table below gives some examples of dose-rates at 1 m from 10 MBq sources, using information on the energy and intensity of their gamma emissions from ICRP publication 38.

	Radionuclide
	(- dose-rate in microSievert h-1

	22Na
	3.65

	51Cr
	0.05

	59Fe
	1.98

	57Co
	0.21

	60Co
	4.17

	125I
	0.07

	131I
	0.63


Use of Shielding

Beta particles are best shielded by materials of low atomic number to prevent the production of Bremsstrahlung: Perspex makes good shields, because it is robust and easily worked.  Glass is also very effective, and thick walled glass vessels are particularly useful.  The table below shows the thickness required for complete shielding from beta particles.

	E max (MeV)
	0.5
	1.0
	2.0
	3.0

	Glass
	l mm
	2mm
	4mm
	7mm

	Perspex
	2mm
	4mm
	7mm
	12mm


Gamma rays and x-rays are far more penetrating than beta particles of the same energy and require dense shielding materials - lead is the material that is usually used.  They are attenuated exponentially, and a knowledge of the half-value layer (HVL) or tenth-value layer (TVL) is useful in determining the amount of shielding required.  1 HVL is the thickness required to reduce the intensity to one half the incident value and 1 TVL is the thickness needed to reduce the intensity to one tenth the incident value.  Some approximate values of HVL and TVL are given in the table below.

	Gamma energy
	millimetres of lead shielding

	MeV
	HVL
	TVL

	0.5
	4
	12.5

	1.0
	11
	35

	1.5
	15
	50

	2.0
	19
	60


[MeV = mega electron volts; HVL = half value layer; TVL = tenth value layer]

Appendix IV - Forms

Ionising Radiations Regulations 1999

Aberyswyth University Local Rules

S005F1

REGISTRATION OF RADIATION WORKERS









If you have answered 'yes' to one or more questions (6) to (8), please give details of dates and places on the reverse of this sheet.

DECLARATION by proposed radiation worker:

I have studied the Local Rules, issued by AU to those people wishing to work with ionising radiations, and I agree to comply with them.

I understand that any breach of this declaration may result in my being prohibited from carrying out such work on University premises.


Name + Title:  ………………..
   

     Signed:




 Date:  .…

(Block Capitals)

DECLARATION by Supervisor:

I confirm that …………………..has received training in the appropriate laboratory techniques to operate safely and in accordance with local safe systems of radiochemical work and departmental rules; and has achieved a suitable standard of competence in these techniques.


Name + Title:  ………………..
   

     Signed:
          



  Date:  .…

(Block Capitals)

S005F2

	Aberystwyth University
Permission for an undergraduate project student to use radioactive materials


Please:

· complete this form and have it signed by your supervisor

· make three copies. Send one to the Departmental Radiation Protection Supervisor (RPS), give one to your supervisor and keep one for your own records

· you may not start work with radioisotopes until your supervisor has had permission granted by the RPS for the work to be conducted
Your name .............................................................................................................................................

Your supervisor’s name ......................................................................................................................

The room number(s) where you will be working .............................................................................

The radioisotopes that you will be using .........................................................................................

Briefly describe the type of work you will be doing. How much radioactivity (Bq) will you use in a typical experiment? How much (Bq) will you use during the whole project?

How far can the emissions of the isotope to be used travel through air and through water? How will you protect yourself from the radiation? (Attach copies of written protocols please)

How will you dispose of the radioactivity?

Where will you store the radioactivity?

Who will provide safety training for you and what will be taught?

Supervisor’s statement:

I have considered ways of conducting this work using non-radioactive methods and I cannot find a suitable non-radioactive alternative. I agree to provide or organise the full and proper training of this student so that they can use radioactivity safely. I will monitor their work and ensure that the Departmental and AU rules and codes of practice are adhered to.


Signed








Date 

Student’s statement

I understand the basic principles of radiation safety protection. I agree to abide by the written protocols provided and to use all the methods of radiation protection that are recommended for the type of work planned.


Signed








Date

S005F3

Aberystwyth University

COSHH -  risk reduction by substitution of 32P
It is a requirement of COSHH that risks must be reduced by substitution of safer alternatives for known hazards. When using chemicals or radiochemicals that means that the safest methodology that will be suitable for the task must be used. 32P is a significant hazard yet was widely used as a tool for studies involving molecular biological techniques. However numerous alternative non-radioactive methods have been developed for many such studies in recent years, some of which are commercially available. This increasing availability of these non-radioactive methodologies means that users of 32P must be able to justify the use of 32P instead of the alternatives.

· It is not sufficient to say that 32P is cheaper or easier - your grant awarding body expects you to ask for the right money to do the work in the safest way. 

· It is not sufficient to say that you are not sure that the alternative will work - you must have evidence or good arguments that it will not work. So you will be required to hand in this form, with convincing answers if you are to have your 32P order processed.

Dr A. G. Walker, Health, Safety and Environmental Advisor

Research Group


...........................................................................

Primary user


...........................................................................

Compound ordered


...............................................................

Planned use for the 32P being ordered:

Why could you not use 33P? On what evidence is this rejection of  33P based on?

Name any alternative non-radioactive methods that could be used to gain the same information? If there are such alternatives why do you not use them?

Signed by research group leader:

           Date:

1) Name and title of intending worker:





2) Home address:





3) Telephone number:							Email:





4) Date of birth:							Gender:





5) Aberystwyth address (if different from above):





6) Have you worked with ionising radiations previously?		YES/NO





7) Has any place of employment any records of such work?		YES/NO





8) Have you had any treatment involving irradiation with ionising radiations?	YES/NO
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