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�7.1	The tenets of radiation protection



7.1.1	Introduction



	In its Publication 60, the ICRP differentiates between two different types of effects which may be induced by ionising radiation:



·	Stochastic effects



	These are those effects for which the probability of an effect occurring, rather than its severity, is regarded as a function of the dose, without threshold.  The most important somatic, stochastic effect is the induction of cancers, for which the risk must be regarded as increasing progressively with increasing dose received, without threshold.  Similarly, at the dose levels involved in radiation protection, genetic effects are regarded as being stochastic.



·	Deterministic effects



	These are effects for which the severity of the effect varies with the dose, and for which a threshold may therefore exist.  Examples of deterministic injuries are cataract of the lens of the eye, radiation burns, damage to blood vessels and impairment of fertility.  The severity of these effects varies with the size of the radiation dose received but they are not detectable at all unless a certain threshold dose is exceeded.



7.1.2	Control of stochastic and deterministic effects



	The aims of radiation protection, as stated by the ICRP are to:



a)	Set dose limits at levels which are sufficiently low to ensure that no threshold dose for any deterministic effect is reached, and that all reasonable steps are taken to avoid the induction of stochastic effects.



b)	Keep all justifiable radiation exposures as low as is reasonably achievable (ALARA), economic and social factors being taken into account.



c)	Discourage the adoption of a practice involving ionising radiation unless the benefits of it outweigh the detriment caused.





7.2	Classification of persons



7.2.1	Radiation workers



	A person who in the course of his/her work, may be exposed to ionising radiation arising from his/her direct involvement with sources of such radiation.  Pregnant women who work with ionising radiation are a subset of the radiation worker group.









7.2.2	Members of the public



	All persons not included in the class of radiation worker.





7.3	Recommended dose limits for radiation workers



7.3.1	Exposure to parts of the body



	Where it is known that a part or parts only of the body have been exposed to ionising radiation, the equivalent dose limits for various organs and tissues should be determined as given in Table 7.1.





	Table 7.1.  Equivalent dose limits for radiation workers.



�PRIVATE ��Part of Body�Dose limit, mSv��Lens of the eye

Facial skin

Hands and feet�150

500

500��



7.3.2	Whole body exposure 



	The recommended annual dose limit for limiting stochastic effects recommended by the ICRP in Publication 26, was 50 mSv.  This limit was revised by the ICRP in Publication 60 (1990).  The National Health and Medical Research Council has recommended the acceptance of this new limit pending the adoption of new regulations.  The new effective dose limit for limiting stochastic and deterministic effects due to uniform irradiation of the whole body is 20 mSv per year averaged over 5 years with no more than 50 mSv in any single year.  In any single year the limit may be 50 mSv so long as the average over any 5 year period does not exceed 20 mSv.





7.3.3	Exposure during pregnancy



	Available medical evidence suggests that levels of exposure to ionising radiation  which does not produce a detrimental effect in a pregnant woman may be detrimental to the developing foetus, particularly during the first three months of gestation.  As most women are uncertain of their conception during the first four to eight weeks, certain special considerations have to be exercised in such cases.  Upon confirmation of pregnancy, the following statutory limits shall apply:



-	A reduced external dose limit of 2mSv at the surface of the abdomen, for the remainder of the pregnancy shall be applied.

�

-	Internal absorption of radionuclides shall be restricted to 5% of the Annual Limit of Intake (ALI). 



	The Monash University Ionising Radiation Safety Policy Statement should be examined for specific details on working with ionising radiation during pregnancy.  In brief, the responsibilities of the RSO (in relation to pregnant women who elect to continue working with ionising radiation during their pregnancy) are:



-	Determine if the pregnant woman's external and internal exposures to ionising radiation might exceed the relevant dose limits, and if so, consult with the head of department and the RPO about modifying her duties in order that all exposure during the pregnancy is kept below the relevant dose limits.



-	Review the intended work practices with the pregnant woman at least once per month for the duration of the pregnancy.



-	Carefully monitor the pregnant woman's exposure to ensure her external and internal exposures to ionising radiation do not exceed the relevant dose limits during the pregnancy.





7.4	Recommended dose limit to members for the public



7.4.1	Exposure to parts of the body



	The recommended equivalent dose limits for members of the public are as follows:



					Lens of the eye:		15 mSv

					Facial skin:			50 mSv



7.4.2	Whole body exposure



	The annual dose for members of the public has been set at one twentieth of that for a radiation worker i.e., 1 mSv/yr averaged over any 5 years.





7.5		Potential exposures



	The applicable effective dose limit of 20 mSv annually can be broken down to represent a maximum continuous dose rate of 10 mSvh-1 based on 250 working days per year at 8 hours per day.  The ICRP recognises that not all exposures occur as   forecast.  It is quite possible that unexpected exposures may occur giving doses well above the 10 mSvh-1 rate.  

�





	The ICRP recommend that all persons should examine the possibility of the occurrence of unexpected exposures and plan for them in calculating an acceptable average dose rate, in case they occur.



	Note that ICRP 26 recommended limits and conditions for "Planned Special Exposures" which were expected to occur.  Such limits are not recommended in ICRP 60.





7.6		Abnormal exposures in emergencies 



	No generally applicable dose limit is specified for accidental exposures.  The ICRP states that it is not possible for them to recommend intervention levels that would be appropriate in all circumstances.  To limit the exposure of workers and the general public following an accidental release of radioactive material, it is necessary to have a detailed and well rehearsed emergency plan.  



	In an emergency, volunteers (who are radiation workers) are permitted to receive larger than normal doses for the purpose of saving a life or preventing serious injuries, or to prevent a substantial increase in the scale of the incident.  The ICRP recommends that effective doses obtained in the control of the emergency and in the immediate and urgent remedial work should not exceed 0.5 Sv except for life saving actions.  Each situation must be assessed by the RSO or RPO and a decision reached on the basis of this assessment.



	If the operation requires doses much in excess of this level, then the risks and possible result of the operation would have to be judged very carefully.  One important consideration would be the accuracy of the information regarding the likely dose rates in the accident area.   A second would be the condition of the casualties and their likelihood of survival.  For instance, if the estimates of dose rate were low by a factor or two, a rescuer might unwittingly receive a sufficiently large dose to produce severe, early, somatic effects.





7.7		Contributions from natural and 

		medical radiation are not included in dose limits



	In assessing compliance with the annual limits of exposure for radiation workers and the members of the public, the following are not taken into account:



-	Doses due to natural background radiation in most instance (see the Radiation Manual for further details).



-	Doses received as a result of radiological examinations, radiotherapy and nuclear medicine investigations.



�

7.8	Control of external exposure to ionising radiation



7.8.1	Introduction



	Radiation protection practice is a special aspect of the control of environmental health hazards by engineering means.  In the industrial environment, the usual procedure is first to try to eliminate the hazard.  If elimination of the hazard is not feasible, then an attempt is made to enclose the hazard, thereby isolating the hazard from man.  The exact manner of application of these general principles to radiation protection depends on the individual situation.  It is convenient, in radiation protection practice, to break down the problem to protection against external radiation and protection against personal contamination resulting from inhaled, ingested, or tactilly transmitted radioactivity which causes internal exposure.



	External exposure arises from sources of ionising radiation outside the body that can irradiate all or part of the body with sufficient energy to affect the skin or underlying tissues.  Alpha radiation is not normally regarded as an external radiation hazard as it cannot penetrate the outer layers of the skin.  The hazard may be due to beta, x, gamma or neutron radiation, all of which can penetrate to the sensitive organs of the body.



	External radiation originates in x ray machines and in other devices specifically designed to produce radiation; in devices in which production of x rays is a side effect, as in the case of the electron microscope; and in radioisotopes.  If it is not feasible to do away with the radiation source, then exposure of personnel to external radiation may be controlled by application of one or more of the following three techniques:



·	Limiting exposure time



·	Maximising the distance between the source and the worker



·	Use of suitable shielding



7.8.2	Limiting exposure time



	The dose accumulated by a person working in an area having a particular dose rate is directly proportional to the amount of time he or she spends in the area.  His or her dose can thus be controlled by limiting the time spent in the area:



				Dose	=	dose rate x time

�



	Example 7.1.  The annual dose limit for radiation worker is 20 mSv per year which, assuming a 50 week working year, corresponds to 400 mSv per week.  How many hours could a worker spend each week in an area in which the dose rate is 20 mSv/h?



					Dose	=	dose rate x time

					400		=	20 x t

					� EMBED Equation.2  ���		=	20 h



	Example 7.2.  If a radiation worker has to spend a full 40 hour working week in a particular area, what is the maximum dose rate which can be allowed?



					Dose	=	dose rate x time

					400		=	dose rate x 40

					� EMBED Equation.2  ���		=	10 � EMBED Equation.2  ���Sv/h



	If work must be performed in a relatively high radiation field, such  as the manipulation of a radiation source, restriction of exposure time so that the product of dose rate and exposure time does not exceed the maximum allowable total dose permits the work to be done in accordance with radiation safety criteria.  



	For example, in the case of a radiation worker who must work 5 days per week while working in a radiation field of 0.25 mSv/hr, over exposure can be prevented by limiting his daily working time in the radiation field to 48 minutes.  His total daily dose would then be only 0.2 mSv.  If the volume of work requires a longer exposure, then either another worker must be used or the operation must be redesigned in order to decrease the intensity of the radiation field in which the worker must work.



7.8.3	Maximising the distance between the source and the worker



	Consider a point source of radiation which is emitting uniformly in all directions.  The flux at a distance r from a point source is inversely proportional to the square of the distance r.  Since the radiation dose rate is directly related to flux it follows that the dose rate also obeys the inverse square law.  It should be noted that this is only strictly true for a point source, a point detector and negligible absorption of radiation between source and detector.  The inverse square law may be written:



				D	µ	1/r2	or	D  =  k/r2



								(	Dr2	=	k



	Where k is a constant for a particular source.



			(		D1r2�ADVANCE \L 3.60�1			=		D2 r2�ADVANCE \L 3.60�2�ADVANCE \L 3.60�



	Where D1 is the dose rate at distance r1 from the source and D2 is the dose rate at distance r2 from the source.

�

	Example 7.3.  The dose rate at 2 m from a particular gamma source is 400 mSv/h.  At what distance will it give a dose rate of 25 mSv/h?



				      D1r2�ADVANCE \L 3.60�1	=	D r2

			    	    

				   400 x 22	=	25 x r2�ADVANCE \L 3.60�2

							       

				 (	r2�ADVANCE \L 3.60�2	=	64



				     and r2	=	8 m



	It will be noted that doubling the distance from the source reduces the dose rate to one quarter of its original value, trebling the distance reduces the dose rate to one ninth, and so on.



	A useful expression for calculating the approximate dose rate from a gamma source is:

						D	=	  ME  

								  6r2



	Where D is the dose rate in mSv/h, M is the activity of the source in MBq, E is the gamma energy per disintegration, in MeV, and r is the distance from the source in metres.

	

	When applying this expression, care is needed in selecting the correct units.  It must be emphasised that in any real situation, protection should be based on measurements of the dose rate.





	Example 7.4.  Calculate the approximate dose rate at a distance of 2 m from a 240 MBq cobalt-60 source.  Cobalt-60 emits two gamma rays per disintegration of 1.17 and 1.33 MeV.



				D	=	  ME    � EMBED Equation.2  ���Sv/h

							   6r2



					=	240 x (1.17 + 1.33)

							         6 x 22



					=	240 x 2.5

							    24

			

					=	25 � EMBED Equation.2  ���Sv/h.



	For a 15 MBq source, the exposure rate at a distance of 1 meter is about 5.4 mSv per hour.  If a radiographer were to manipulate this source for 1 hour per day, his maximum dose rate should not exceed 0.8 mSv/hr.  This restriction could be attained 

through the use of a remote handling device whose length, as calculated from the inverse square law equation is at least 2.5 meters.









	If the radiography is to be done at one end of a shop, which is set aside exclusively for this purpose, then either a barricade must be erected outside of which the dose rate does not exceed the maximum allowable weekly rate, or if this is not possible because of space limitations a shield must be erected.  If the barricade is used its distance from the source must be such that the dose rate will not exceed:



			 �ADVANCE \D 5.75� 4 mSv/week�ADVANCE \U 5.75�	

			                    		=	0.01 mSv/hr.



�ADVANCE \U 5.75�		�ADVANCE \U 3.60�		�ADVANCE \U 5.75� 40 hrs/week�ADVANCE \D 15.10�

	By the inverse square law, this distance is found to be 7.2 meters.



7.8.4	Use of shielding



	The third method of controlling the external radiation hazard is by means of shielding.  Generally, this is the preferred method because it results in intrinsically safe working conditions, whilst reliance on distance or time of exposure may involve continuous administrative control over workers.



	The purpose of shielding is to ensure that the dose received by persons is as low as reasonably achievable and is well below the dose limits.  For this purpose sealed and unsealed sources and apparatus which emit penetrating ionising radiation (eg. x, gamma, beta or neutron radiation) may need to be shielded.  Shielding required depends on the type and energy of the radiation emitted and its intensity.



·	Alpha shielding



	Alpha particles are very easily absorbed.  A thin sheet of paper is usually sufficient to stop alpha particles and so they never present a shielding problem.



·	Beta shielding



	Beta radiation is more penetrating than alpha radiation.  In the energy range which is normally encountered (1-10 MeV) beta radiation requires a shield of 10 mm of perspex or 3 mm aluminium for complete absorption.  The ease with which beta sources may be shielded sometimes leads to the erroneous impression that they are not as dangerous as gamma or neutron sources and large open beta sources are often handled directly.  This is an extremely dangerous practice.  For instance, the absorbed dose rate at a distance of 3 mm from a beta source of 1 MBq is about 1 Gy/h.



	One important problem encountered when shielding against beta radiation concerns the emission of secondary x rays (bremsstrahlung), which result from the rapid slowing down of the beta particles.  The fraction of beta energy reappearing as bremsstrahlung is approximately ZE/3000 where Z is the atomic number of the absorber and E is the b energy in MeV.  This means that beta shields should be constructed of materials of low mass number (eg. aluminium or perspex) to reduce the fraction of bremsstrahlung emitted.



	A beta source emits beta rays with energies covering the complete spectrum from zero up to a characteristic maximum energy (Emax).  The penetrating power of b-particles depends on their energy.



·	Neutron Shielding



	Neutron shielding is complicated by the very wide range of energies encountered.  The most important interactions of neutrons with shielding materials are:



	Elastic scatter, in which the neutron collides with the target nucleus and "bounces" off it in a manner similar to the collision of two billiard balls.  During the collision, the neutron loses some of its initial energy and this energy is transferred to the target nucleus.  All of this transferred energy appears as kinetic energy of the target nucleus.  Light elements are best for slowing down neutrons by elastic scatter and so materials with a high hydrogen content (such as paraffin, water, concrete) are used.



	Inelastic scatter, in this process the incoming neutrons impart some of their energy to the scattering material and excite the target nuclei.  These 	target nuclei usually emit gamma radiation later when they return to their 	ground state.  The inelastic scatter process is most important for heavy nuclei.



	Neutron capture reactions; in these reactions neutrons are captured by nuclei which then de-excite by emitting another particle or photon.  One very important neutron capture reaction is:



						10B(n,a)7Li





	The importance of this reaction, from a shielding point of view, lies in the fact that the emitted particle (an a) is very easily absorbed.  Thus the incorporation of boron-10 in shields means that neutrons are absorbed and the resulting a particles cause no further shielding problems.



	Unfortunately, the most common neutron capture reactions lead to the emission of penetrating gamma radiation, for example:



						58Fe(n, g)59Fe



	Neutron capture gamma radiation is usually a limitation in shield design and a material of high atomic number is often incorporated to absorb these gamma rays.



·	Gamma and x-ray shielding



	For shielding x radiation and gamma radiation, high atomic number material is often used (e.g. lead).  Lower atomic number material (e.g. steel, concrete) can be used but in correspondingly greater thickness.

�





	Shield materials for high activity g and x-ray sources are uranium, lead, tungsten, iron (or steel), concrete and water.  Uranium and tungsten are extremely expensive and used only where space considerations are very restrictive.  Lead is more expensive than iron and concrete.  Where space is not an issue, cost considerations favour concrete.  Lead, iron and concrete can serve as construction material in addition to shielding. 



	Highly radioactive spent fuel from nuclear reactors is usually stored under 20 feet of water.  A concrete wall is often sufficient to shield x rays from medium energy x ray machines.  However where there are wooden doors or windows, shielding should be strengthened by fixing iron or lead sheeting of sufficient thickness to the wooden structure.



	Gamma and x-rays are attenuated exponentially when they pass through any material.  The dose rate due to x or g ray emerging from a shield can be written as:



					Dt	=	Doe-mt



	Where Do is the dose rate without shielding, Dt is the dose rate after passing through a shield of thickness t, and m is the linear absorption coefficient of the material of the shield.

	The linear absorption coefficient m is a function of the type of material used for the shield and also of the energy of the incident photons.  It has the dimensions of (length)-1 and is usually expressed in m-1 or mm-1.



7.8.5	Factors affecting shielding requirements



·	Half-value layer



	The half thickness or half-value layer (HVL or t½) for a particular shielding material is the thickness required to reduce the intensity of radiation to one half its incident value.  Writing the half-value layer as t½, the previous equation becomes:



					Dt	=		0.5	=	e-mt�ADVANCE \U 5.75�½ �ADVANCE \D 5.75�

					Do



	Taking logs to the base e:



					loge 0.5	=	-mt½

	

					( -0.693	=	-mt½



				HVL		=	0.693

								   m

�

	The concept of half-value layer is very useful in doing rapid, approximate shielding calculations.  One HVL reduces the intensity to one half, two HVLs reduce

 the intensity of one quarter, three HVLs to one eighth and so on, as illustrated in Figure 7.1.































Figure 7.1.  Variation of gamma dose rate with absorber thickness.



 

	The value of m, and hence t½, depends on the material of the medium and on the radiation energy.



	Another value sometimes used in shielding work is the tenth value layer, (TVL or t1/10).  By a calculation similar to that carried out above it can be shown that:



			TVL	=	loge(10)	=	2.303

						m			  m



	Some typical values of t½ and t1/10 are given in Table 7.2 and Figure 7.2.





	Table 7.2.  Approximate values of t½ and t1/10



	                                                                                                       



		g-radiation		Millimetres of lead		Millimetres of water

		energy (MeV)	                                                                     

	                                                                                                      



					 HVL		TVL		 	  HVL	    TVL

	                                                                                                       



		0.5				4	12.5					150		500

		1.0				11	34 		 			190		625

		1.5				15	50  					200		700

		2.0				19	60	  				225		750

		                                                                                                        



























































































Figure 7.2.  Thickness of half-value layer of commonly used attenuating materials as a function of energy.  The values are based on "good geometry" conditions, that is no scattered radiation gets to the detector, whether from within the attenuating medium or from surrounding surfaces.  Densities of materials (g/cc):  H2O = 1;  Fe = 7.85/ Pb = 11.3; concrete = 2.36.

�

	Example 7.5.  The dose rate close to a valve is 160 mSv/h.  If this is due to cobalt-60 inside the valve, how much lead shielding must be placed around the valve to reduce the dose rate to 10 mSv/h?  HVL of lead for 60Co gamma radiation is 12.5 mm.



	It is required to reduce the dose rate from 160 mSv/h to 10 mSv/h, i.e. by a factor of 16.  To do this will require 4 half-value layers of lead (2x2x2x2=16), therefore 4 x 12.5 mm of lead are required, i.e. 50 mm.



	Example 7.6.  A certain cobalt-60 source gives a dose rate of 400 mSv/h at 1 m.  At what distance from the source must a barrier be placed if the dose rate at the barrier must not exceed 25 mSv/h?  What thickness of lead would give the same protection at the original distance?  (HVL of lead for 60Co gamma radiation is 12.5 mm.).



		It is required to reduce the dose rate from 400 mSv/h to 25 mSv/h, i.e. by a factor of 16.  To do this by increasing the distance:



			D1r1�ADVANCE \L 2.90�2			=	D2r2�ADVANCE \L 2.90�2

	

			400 x 12		=	25 x r2�ADVANCE \L 2.90�2



						�ADVANCE \D 3.60�			 400

				�ADVANCE \U 3.60�r2�ADVANCE \L 2.90�2		=		------			=	16

							�ADVANCE \U 3.60�  	  25

		

					r	=   4 m



	To do this by adding lead shielding 4 half value layers of lead will be required, i.e. 4 x 12.5mm = 50mm.

	

	Shielding and half-value layer considerations discussed above are for "good geometry" conditions and these are not strictly true where scattered radiation is rescattered to the main beam and for broad beams of radiation.



·	Build-up



	The augmenting of photons at a point as a result of scattering in a large shield is illustrated in Figure 7.3.  Besides removing or deflecting radiation originally headed toward a detector from a source, the shield scatters toward the detector some radiation that was originally travelling in a direction away from the detector.  As a result, the radiation falls off more slowly than under "good geometry" conditions and the effective HVL is increased.  



	Experimentally determined values for the HVL as obtained with large area shields should be used in shielding problems, since they describe actual shield attenuation more accurately than the "good geometry" coefficients.  There are times, however, when the fall-off may not be adequately described in terms of a single value for the HVL.  







	When relevant experimental data are not available, or when the problem is too complex to be treated by half-value layer concepts, the actual procedure is to make a calculation using the "good geometry" values, and increase the results by a factor that takes account of the increase due to scattering.  This factor, generally known as the "buildup factor" is used to modify the attenuation equation as:



						I	=	B x Io e-mt













































Figure 7.3.  Illustration of buildup of secondary radiation.  Large area shield scatters toward detector some of radiation originally travelling away from detector and thus gives less attenuation than is measured in a "good geometry" experiment.

	

	The buildup factor, which is always greater than 1, may be defined as the ratio of the intensity of the radiation, including both the primary and scattered radiation, at any point in a beam, to the intensity of the primary radiation only at that point.  Buildup factor may apply either to radiation flux or to radiation dose.  Buildup factors have been calculated for various gamma ray energies and for various absorbers.  Some of these values are given in Figure 7.4.



	Here the shield thickness is given in units of relaxation lengths.  One relaxation length is that thickness of shield that will attenuate a narrow beam to 1/e of its original intensity.  One relaxation length, therefore, is numerically equal to the reciprocal of the absorption coefficient.























































Figure 7.4.  Dose buildup factor in lead for a point isotropic gamma-ray source of energy Eo.  (From Radiological Health Handbook, 1970).





7.9	Designated radiation areas



	All areas where an ionising radiation hazard (external or internal) could exist should be monitored with appropriate instruments at regular intervals, and the results should be recorded.  Where monitoring indicates that a person working in an area could receive three tenths or more of the equivalent dose limit, such area should be classified as a Designated Radiation Area (DRA) and should come under the control of a radiation safety officer.



	Persons who occupy or work in a DRA should be subjected to medical surveillance and personal monitoring.



	Sealed sources (such as are used for radiography and in the study of radiation-induced changes in materials), apparatus that produces ionising radiation (such as X-ray generators and particle accelerators), and apparatus that produces ionising radiations incidentally (such as electron microscopes, cathode-ray tubes and high-voltage electronic rectifiers) may be used in either an enclosed or an open installation.



	Whenever practicable, special enclosures should be used to house ionising radiation sources and apparatus producing ionising radiation in such a way that, under 



�



all operating conditions, persons outside the enclosures are adequately protected from the useful beam and from leakage and scattered radiation.



	An area where sources or apparatus may cause an external radiation hazard should be a DRA and shall be identified by an appropriate and readily recognizable warning sign.  Visible or audible signals, or both, should be provided inside and outside enclosures and in the vicinity of installations, to provide warning before and during irradiations.



	Further details on the requirements can be found in AS 2243.4.





7.10	Radiation warning signs



	Radiation warning signs should be displayed at the entrance of each DRA.  The internationally agreed warning symbol for ionising radiation is the trefoil symbol illustrated in Figure 7.5.  This symbol should be placed on packages containing radioactive sources, at the entrance to areas where there is a significant radiological hazard, etc.































Figure 7.5.  The trefoil symbol





7.11	Safety precautions with external radiation hazards



7.11.1	Sealed sources



	Sealed sources should be manipulated only by remote means, such as by forceps or long tongs, to minimise the dose to the operator.



	Shielding should be used as close as practicable to the source.  Precautions should be taken to protect the laboratory workers and persons in adjacent areas from direct and scattered ionising radiations.  Unshielded sources should be manipulated remotely and for the minimum possible time.  Any unfamiliar operation with a high activity source should be preceded by a practice run using inactive material.

�

	Each sealed source or its containment should be clearly labelled as follows:



-	The serial number or identification of each source.



-	The nature of the source, its date of receipt and its activity upon receipt.



-	All movements of the source in the establishment.



-	The date and manner of disposal of the source when it leaves the establishment.





	The record for each source should be kept for two years after the disposal of that source.  Sealed sources should be examined for contamination and for the integrity of their sealing (i.e. by leak testing each source) at annual intervals and whenever leakage is suspected.  Particulars of these examinations should also be entered into the record.



	If a sealed source becomes corroded or damaged, or if for any reason it is suspected of causing radioactive contamination, it should be sealed in a leak-proof container.



	If a sealed source is believed to be lost or mislaid, the RSO and RPO should be informed without delay.  Should the loss be confirmed, the RSO should inform the Competent Authority without delay.



	When not in use, sealed sources should be stored in a secure and adequately shielded containment, which should bear the appropriate distinguishing markings.



	Where a source potentially could release a radioactive gas, the storage place should be provided with an efficient mechanical method of being ventilated to the open air before the space is opened.



	High activity neutron sources can activate their immediate housings and may thus produce an additional radiation or contamination hazard.



7.11.2	X-ray apparatus



	Several different analytical methods utilise ionising radiations generated by X-ray tubes.  Typically the X-ray beams used are of very small cross-section and give very high dose rates (tens of grays per second close to the tube window) which, irrespective of the photon energy, can produce serious and painful burns or complete necrosis of the skin and underlying tissues following exposure for a second or so.  Special additional precautions should be taken with such analytical and research apparatus; in particular, effective means should be provided to eliminate any exposure of the eyes, face and fingers to the useful beam.



	X-ray tubes should be mounted in a protective and electrically shockproof housing made from material that is not readily deformed.





�



	Apertures in the X-ray tube housing should be covered by a shutter or a completely shielded enclosure.  Effective beam stops should be provided to absorb the useful X-ray beam after it has passed through the sample and the analysing components.  Interlocking devices, preferably of a mechanical nature and "fail-safe" in operation, should be provided to prevent the generation of X-rays when:



-	The shutter or an aperture in the enclosure is open without the analysing components and beam stops being in position.



-	Either the housing is removed from the X-ray tube or the X-ray tube is removed from the housing.



-	An enclosure is detached from the housing.



-	A beam stop is removed.



	Housing, shutters, shielded enclosures and beam stops should be so constructed that the equivalent dose at any accessible point 5cm from their surfaces does not exceed in any one hour 25 mSv for all practical operating conditions of the X-ray tube.



	"Fail-safe" warning lights or illuminated signs, or both, should be provided and interlocked to show, unambiguously:



-	When and X-ray tube is operating.



-	Which shutter(s) or aperture(s) are open.



	These illuminated warnings shall be readily discernible on the apparatus itself and should be duplicated where necessary.



	Periodic radiation surveys of each X-ray analysis apparatus should be carried out.



	Where adjustments have to be made with some shielding removed while X-rays are being generated, a second experienced person should be present with the person making the adjustments.  The second person should warn the one making adjustments or movements that could lead to an exposure of any part of the body, carry out any ionising radiation monitoring needed during the adjustment, and make a careful monitoring survey when adjustments are completed.  Under no circumstances should collimators be adjusted with the aid of the naked eye while X-rays are being generated.



	X-ray fluorescence analysers should be fully enclosed and fitted with interlocks to prevent access to the interior of the enclosure during irradiation.
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