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13.1	Radiological accidents and emergency procedures





Introduction





	A radiological emergency may be defined as any situation which gives rise to an abnormal or unexpected radiation hazard.  This definition covers anything from a minor laboratory spill involving a few MBq of radioactive solution up to a major reactor accident in which many thousands of TBq of fission products may be released.





	Incidents involving radioactive materials can be broadly defined as:





-	excessive exposure of personnel to radiation





-	radioactivity spills





-	theft or loss of radioactive material





-	deliberate misuse of radioactive materials





-	fire or explosion causing damage to a room (or its contents) in which radioactive material is located.





	While every person associated with the use of radiation or radioactive materials should take every precaution to prevent situations that can give rise to an incident, accident or an emergency, every such person must be available to deal with a possible emergency.





	Radiological emergencies are differentiated according to various levels of emergency.  A spill caused in the use of unsealed radioactive material in hospital and laboratory research work pose only a minor health hazard and are known as local incidents.  A more serious situation, perhaps requiring evacuation of certain areas, but having no effect outside the site or establishment is often called a site emergency.  If the incident could be hazardous to the general population outside the site, it is sometimes termed a public emergency.





	In any event it is of great value to have analysed the possible occurrences in advance and to have formulated procedures for dealing with them.  It is of fundamental importance that any abnormal situation is detected as quickly as possible.  For example, if a loss of shielding accident is detected immediately and either corrective action or evacuation measures taken, the dose received may be very small.  If, on the other hand, operating personnel and others who might be exposed are not aware of the accident, very large doses could be received.
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	Small sealed sources, usually g-emitters, are widely  used in industry, medicine and teaching.  It is unlikely that a source of less than say 100 MBq could result in excessive dose to a person (unless, for example, it was carried in the pocket) and so loss of shielding of such a source would probably be a local incident.  Such sources are usually handled by tongs and stored in small lead-lined pots.  The most common incidents occur when a source is removed from its container by some person who fails to return it.  The best method of protecting against this situation is to use installed alarm instruments which show when the source is out of its pot.  Regular source musters minimise the possibility that the situation will remain undetected for a long period of time.





	The exposure of a source could also result from mechanical damage, for example, if the container was dropped, in which case there should be no problem of detection, or from the effects of fire which might not only cause the shielding to melt but also cause a loss of containment of the source material itself.  Large sealed sources such as those used for industrial processing or radiography and medical radiotherapy are usually housed in specially constructed containers with mechanical means for controlling the time of exposure.  The containers are designed to withstand normal mechanical accidents and to resist fire.  The possibility of inadvertent exposure of the source is minimised by the design of the equipment but alarm systems are desirable to detect fault conditions.  The majority of accidents involving sources of this type have been in industrial radiography.  This process is often performed in difficult conditions on construction sites where no form of installed monitoring equipment is used.  A number of accidents have occurred in which the radioactive source had become detached from the operating mechanism and when the mechanism was retracted into the storage position the source remained unshielded.  In some cases the source was found by some person who, being unaware of its nature, placed it in his pocket.  As a result very large, and sometimes fatal, doses were received.  Apart from using the appropriate equipment, prevention of this sort of situation requires strict adherence to a monitoring procedure by the radiographer.  Various portable alarm devices are also available which can be used in field conditions.





	Localised exposure of a part of a body, most commonly the fingers, may occur by accidental exposure to radiation beams.  These are usually intense and a large dose could result in a very short time.





	The most common loss of containment occurrence is a minor spillage of up to a few MBq of radioactive solution.  The frequency of these is minimised by good laboratory practice such as keeping containers of solutions in trays which will contain any spillage.  Spills do, however, occur even in the best regulated laboratories, but, if they are dealt with correctly, the contamination and therefore the incident should not spread outside the laboratory or area in which it occurred.  After any personnel decontamination which may be required, the most important action is to wipe up the activity using absorbent materials before it dries out and becomes airborne.





	A spillage which remains undetected for some time is more likely to cause problems because it will spread around, and possibly outside, the area.  This is why it is important that people who work in areas in which unsealed sources are used should make a habit of washing and monitoring each time they leave the area.











	A release of activity can also result from a failure of services such as ventilation or electrical supplies.  Glove boxes can pose a particular problem in this respect.  A glove box is normally operated at a pressure slightly below atmospheric which means that leakage tends to be in rather than out.  If some failure causes the box to pressurise, leakage occurs outwards or, more seriously, a glove or panel may be blown out resulting in major release.





	It is essential that preplanned arrangements are available to deal with radiological emergencies in every place radiation is used.  Pre-planning to deal with emergency situations begins at the design stage of any plant, process or experiment.  A detailed safety analysis at this stage not only indicates the major hazards but may also enable methods of reducing them to be incorporated in the design.  No matter how good the design is, or how many safeguards are provided, there always remains the possibility of an accident and in order to deal with this eventuality an emergency organisation is required.





	It is the duty of every radiation worker to ensure that accidents, incidents and emergencies involving ionising radiation are reported.  The RSO should co-ordinate the initial response to an accident or emergency situation as necessary.  If control of the situation is beyond the capabilities of the RSO, or the RSO has any uncertainty about appropriate action to be taken, specialist advice should be sought.





	Common emergencies may be dealt with as described here.








13.2	Excessive exposure of personnel to radiation





	When ever accidental exposure of personnel by irradiation receiving over one fifth of the dose equivalent limit and/or radioactive contamination in excess of the derived working limit and/or intake of radioactive material in excess of one fifth of the relevant annual limit of intake, takes place the exposed persons should be immediately removed from the area of contamination or the area containing the sources of radiation, taking care not to spread the contamination from the immediate vicinity, and the incident shall be immediately reported.





	In case of such a serious incident expert assistance should be summoned immediately, and while awaiting assistance, any obvious injury should be treated immediately and contaminated persons decontaminated.  Person(s) involved in such an incident should participate in special monitoring programs as deemed necessary in consultation with the Health Commission.
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13.3	Decontamination of personnel





	Contaminated clothing should be removed and personal decontamination started as follows according to the area of the body where contamination has occurred:





-	Eyes should be irrigated with saline solution (1 percent common salt solution) or distilled or tap water.  A standard plastic wash bottle is a convenient applicator if used with care.





-	Hands should be washed with soap and water, scrubbing lightly with a soft nail-brush.  If this fails to remove the contamination, repeat with a detergent.  For contamination which is difficult to remove, wearing tight-fitting rubber gloves for several hours, to promote perspiring of the hands, often assists removal of the contamination.  As a last resort, immerse the hands in saturated potassium permanganate solution, allow to dry and remove stain with 5 percent sodium metabisulphite solution.





-	Skin, other than that on hands, should be rubbed gently with a cotton wool pad soaked in a complexing agent (eg. Cetavlon).  Do not scrub the skin sufficiently to produce abrasions.





-	The mouth should be washed out several times with hydrogen peroxide solution (one tablespoon of 10 volume solution to a tumbler of water).





-	Contaminated wounds should be washed under a fast running tap and bleeding encouraged; if on the face, take care not to contaminate the eyes, mouth or nostrils.  Finally wash the wound with water, apply a gentle antiseptic and then a first-aid dressing.





	Personal decontamination should be continued until monitoring shows that contamination has been reduced to an acceptable level, unless there is a risk of contamination entering the bloodstream through roughening or breaking of the skin.








13.4	Radioactive spills





	Small spills of radioactive material that present no radiological hazard to persons should be reported to the RSO and dealt with by the Radiation worker.  Gloves should always be worn for cleaning such a spillage.





	Spills of liquids should be absorbed with blotting paper, paper towels or tissues; dry materials should be carefully wiped up with absorbent tissues moistened in water.  When no visible signs of the spilled material remain, the affected area should be monitored.  Decontamination should be continued as necessary until no further reduction can be achieved.  Every effort should be made to reduce the contamination below the derived working limit.
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	More serious spills of radioactive material may require immediate evacuation of the area if a significant radiological hazard to personnel exists.  The area should not be re-entered until a properly planned and equipped re-entry procedure has been formulated.





	Techniques for removal of contamination involve consideration of the value of the contaminated items and the durability of the surfaces which are contaminated.  A summary of techniques which have been successfully employed in decontamination of various materials is given below.





13.4.1	Decontamination of spills - tools and glassware





	Methods used for decontamination of radioactive spills on tools and glassware fall into two broad classifications: corrosive and non-corrosive.  Whilst it is desirable to use a non-corrosive method, this is seldom practical because removal of the surface layers of material is more effective in putting ions back into solution than the very slow processes of ion exchange or desorption by  non-corrosive methods.





	Some of the more common decontamination procedures involving both corrosive and non-corrosive methods are:-





-	All glassware should be washed with acid (chromic acid cleaning solution or concentrated nitric acid) and rinsed as a routine procedure following use (rinse thoroughly but avoid splashing).  All metal tools employed should be surveyed to detect possible contamination.





-	The use of acid on metal tools may cause unnecessary corrosion and present greater difficulty in future decontamination procedures.  Some elements (eg. iodine) will become volatile upon reaction with acids; in such cases it may be desirable to first attempt decontamination with detergents.  The use of customised detergent (eg. Decon) and specialised cleaning methods such as ultra-sonic cleaning baths may be appropriate.





	Equipment that is found to be contaminated after the initial treatment should be stored in an isolated location, possibly in a hood with adequate exhaust or under water, until more thorough decontamination procedures may be applied.  If it is necessary to dismantle equipment prior to decontamination procedures, a careful survey should be made during the operation.  Contaminated equipment should not be released from control of the laboratory for repair or any other purpose until the level of activity has been reduced to a safe limit.  Where the half-life of the contaminating element is short, it may be desirable to store tools and glassware for decay of activity, rather than to attempt decontamination.  In many cases, if the items are cheap or easily replaced, it may be simpler to dispose of such equipment and replace with new apparatus.





	Equipment that is contaminated with long-lived isotopes and that cannot be satisfactorily decontaminated, must be regarded as radioactive waste and disposed of or stored accordingly.





	Glass and porcelain articles may be cleaned with mineral acids, ammonium citrate, trisodium phosphate, cleaning solution (chromic acid) or ammonium bifluoride.  When the glaze is broken on porcelain, or when active solutions are heated to extreme dryness in glass, decontamination is very difficult and usually it is more convenient to replace items so treated.





	Metal objects may be decontaminated with dilute mineral acids (nitric), a 10 percent solution of sodium citrate, or ammonium bifluoride.  Use hydrochloric acid when all other procedures for stainless steel fail.  Hydrochloric acid is good decontaminant because it removes some of the surface, although the procedure results in etching of the stainless steel, which makes it less desirable for future use.  It has been demonstrated that brass polish is an excellent decontaminant for brass.  Plastics may be cleaned with ammonium citrate, dilute acids or organic solvents.





	For practical purposes, two applications of decontamination process are considered appropriate for optimum effectiveness.





13.4.2	Decontamination of spills - laboratory equipment





	Laboratory equipment should be surveyed for residual contamination following decontamination procedures.  Decontamination seldom exceeds 99.9 percent efficiency and usually is considerably less efficient.  If the residual contamination indicates that the level of activity is still greater than permissible, equipment of this nature should be broken up to prevent accidental return to stock or other use.





	Glassblowing, welding, brazing, soldering, etc., should never be permitted on equipment contaminated with radioactive materials unless it is done in specially ventilated facilities, and unless special techniques are used to prevent the inhalation of radioactive dust and fumes.





13.4.3	Decontamination of spills - floors and benches





	Floors and benches contaminated with radioactive material should be cleaned carefully as described below using caution not to spread contamination.  If material is dry use masking or adhesive tape to remove loose contaminants; if material is wet use absorbent material such as towels, "kim wipes", disposable diapers, or toilet tissue.  If a wet mop will not remove the contamination, proceed with a method suitable for the particular surface material.





13.4.4	Decontamination of spills - plumbing





	The following procedures may be used to decontaminate sinks, taps and drains:-





-	Flush thoroughly with a large volume of water.





-	Scour with a rust remover and flush thoroughly.





-	Soak in a solution of citric acid prepared by adding 0.5kg of acid to 4.5 litres of water and flush thoroughly.








	Table 13.1.  Surface Method of Decontamination


	











 Linoleum�



	Kerosene, ammonium citrate solution or diluted mineral acids (care should be taken not to dissolve sealing compounds at the edges and between cracks of the linoleum). 


�
�



 Ceramic tile�



	Mineral acids, ammonium citrate or tri-                 sodiumphosphate.


�
�



 Paint�
	


	10% hydrochloric acid is sometimes successful.


�
�



 Concrete surface�



 	Concrete must be removed with chisel.


�
�



 Wood surfaces�



 	Wood must be planed.


�
�






13.5	Theft or loss of radioactive material





	Theft or loss of radioactive material is a serious matter, which could bring adverse publicity and cause alarm in the community, where it is confirmed that some radioactive material is missing, the RSO, the Police and the Competent Authority must be notified.  The matter should there after be investigated to prevent repetition.








13.6	Deliberate misuse of radioactive material and/or irradiating apparatus





	Deliberate misuse of equipment or sources constitutes a serious breach of statutory and common law requirements and endangers the safety of persons other than those responsible for the misuse.  Where such a breach occurs the relevant RSO shall make use of available options such as withdrawal of permission to use radioactive materials or provisions of disciplinary procedure.





�



13.7	Fire and explosions





	Firefighting clearly takes precedence over contamination control, but all reasonable efforts should be made to minimize the spread of contamination, particularly at the cleaning-up stage.





	Station Officers of the local Fire Brigade should be informed in advance of the hazards and the need to take particular care in areas marked with ionising radiation warning signs.








13.8	Emergency equipment





	Emergency equipment to assist safe handling of a radiation or contamination accident should be readily available.





	The RSO should assemble an emergency kit comprising items relevant to the emergency needs of the laboratory.  This may include items such as personal dosimeters, radiation and contamination monitors, respiratory protection devices, protective clothing and items for decontamination.  Contents of the emergency kit should be checked regularly and replaced as necessary.





Investigating incidents





	All radiation incidents including near misses, should be investigated to prevent the possibility of repetition. 
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