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��8.1	Sources of internal exposure



	Internal radiation results when the body is contaminated - either internally or externally - with a radioisotope.  Accordingly, internal radiation protection is concerned with preventing or minimising the deposition of radioactive substances on or in personnel.  This is accomplished by a program designed to keep the contamination of the environment within acceptable limits, and at levels as low as practical.  The last point - keeping environmental levels as low as practical - is especially important in the context of internal radiation protection.  



	Quite small quantities of radioactive material which represent an insignificant external hazard can give rise to appreciable dose rates if they come into contact with, or get inside the body.  Once a radioactive substance is taken into the body it will continue to irradiate the body until either the radioactivity has decayed or until the body has excreted the substance.  The rate of decay of radioactivity depends on its half-life, which can vary from a small fraction of a second to many thousands of years.  The rate of excretion of the substance from the body depends on a number of variables such as the chemical characteristics of the substance, and it may happen in a period of a few days or it may take much longer, perhaps up to many years.  



	Furthermore, radioisotopes within the body may become systemically fixed.  Their elimination can be hastened, in some cases.  Thus when a radioactive substance enters the body it may irradiate for only a few days or for a much longer period which may extend to many years in the case of certain radionuclides.  It is relatively difficult to assess the hazard from internal emitters, and great emphasis is therefore placed on the prevention of internal contamination of personnel.



	Radioactive substances, like other toxic agents, may gain entry into the body by three different means:



1.	Inhalation - by breathing radioactive dust and gas resulting from airborne contamination.



2.	Ingestion - by drinking contaminated water, eating contaminated food, or by transferring radioactivity from hands to the mouth.



3.	Absorption through the intact skin, mucous membrane, or wounds.





8.2		The reference man



	There is a wide variation in the physiological characteristics of human beings and, for the purposes of radiological protection, the ICRP has defined a "reference man", some of whose characteristics are listed in Table 8.1.  For instance, the reference man breathes about 23 m3 of air per day and has a total water intake of 3 litres/day.  Reference man is an entirely fictitious individual and simply represents an average over the very wide spectrum of human characteristics.









	Table 8.1.  Some characteristics of reference man.



	(a)	  Organs of reference man





 	Organ�Mass, m

(kg)�

Percent of total body��

 Total body

 Skeleton

 Muscle

 Fat

 Blood

 Gastrointenstinal tract

  (incl. contents)

 Thyroid gland�

70

10

28

13.3

5.5

2.2



0.02�

100

14

40

19

7.9

3.1



0.029��





   (b)	Air and waterbalance

���

 	Water intake (litres/day)�

	Excretion (litres/day)��

 Foods  	0.7

 Fluids		1.95

 Oxidation	0.35



	Total:	3.0�

 Urine		1.4

 Sweat		0.65

 Insensible	0.85

 Faeces		0.1 



	Total:	3.0�� Air balance��� Vital capacity of lungs 4.3 litres

 Air inhaled during 8-hour working day	 9.6 m3

 Air inhaled during 16 hours not at work	13.2 m3

							---------

						Total:    ~23 m3/day	

���

	For more details of the characteristics of reference man see ICRP Publication 23.

�

8.3		Biological decay rate



		The fate of a particular radioactive nuclide inside the body depends on its chemical and physical form.  For instance, some elements distribute themselves fairly uniformly and so irradiate the whole body at about the same rate.  The majority of elements, however, tend to concentrate in particular organs so that an intake of radioactivity may result in different dose rates to the various organs of the body.  Examples of such elements are iodine, which concentrates in the thyroid gland, and plutonium, which concentrates in the lung or bone.  The system of dose limitation given by ICRP in Publication 60 allows the doses to individual organs and tissues to be computed using the weighting factor formula described earlier.



	The dose rate to any organ is proportional to the amount of radioactivity in the organ and decreases as the radioactive isotope decays or is excreted.  The radioactive decay of an isotope is exponential in character and it is found that the rate of excretion of most substances from the body may also be considered as approximately exponential.  This means that an effective decay constant can be employed to describe the rate of removal of a radioactive substance from the body, namely (Figure 8.1):



					   leff = lr + lb



Where	lr	=	radioactive decay constant

	lb	=	biological decay constant



	Since the decay constant is equal to loge2/half-life, this equation becomes:



�ADVANCE \U 3.60�				�ADVANCE \D 5.75�  1  	=	  1  	+	  1  �ADVANCE \D 3.60�

				�ADVANCE \U 3.60� 		 Teff	    Tr		     Tb



where



Teff	=	effective half-life of a radioactive substance in the body

Tr	=	radioactive half-life of the substance

Tb	=	biological half-life of the substance
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Figure 8.1.  Typical elimination curve of a radionuclide in the body.





	Figure 8.2 illustrates the variation of dose rate with time following an intake of a radionuclude.  The initial rise in the curve covers the period during which the radionuclide is being transported to the organ of interest.  At the peak, most of the radionuclide that is destined for the particular organ has reached it and the organ is receiving its maximum dose rate. Subsequently, the dose rate to the organ decreases approximately exponentially as the radionuclide decays and is excreted.  The total dose received by the organ is obtained by evaluating the area under the curve.  



	A given intake of a radionuclide will commit the organ (or organs) at risk from that radionuclide to a certain dose, which is known as the dose commitment.  The dose commitment depends on the initial dose rate and on the removal rate.  It is usually assumed that a given intake of a particular radionuclide will result in the same dose commitment whether it is received in a single large intake or a large number of small intakes.  A special case of dose commitment is called committed dose and is the dose accumulated over 50 years, representing the likely maximum lifespan of the individual following the intake.













































Figure 8.2.  Variation of dose rate with time following an intake of a radionuclide.





8.4	Dose limitation of internal dose



	The ICRP, has established annual limits of intake (ALIs) to limit the extent of internal exposure for a wide range of radionuclides.



	The ALI is the amount of a radionuclide (in Bq) which would give the same amount of harm to the organs it irradiates as that resulting from a whole body irradiation of 20 mSv.  For example, consider a radionuclide which, when taken into the body, irradiates organs X, Y and Z.  Suppose that, for an intake of 1 Bq of the radionuclide, the committed equivalent dose to each of these organs is Hx, Hy and Hz, respectively.  If the tissue weighting factors for organs X, Y and Z are Wx, Wy and Wz, then the total effective dose from an intake of 1 Bq is:



				H	=	WxHx	+	WyHy	+	WzHz

	

	Consequently, the ALI is the quantity such that:



					�ADVANCE \D 3.60�	�ADVANCE \D 8.65�ST  WTHT     = 20  mSv�ADVANCE \U 3.60�

												�ADVANCE \U 3.60�	�ADVANCE \U 3.60�

�ADVANCE \D 3.60�

	The ALI is then given by:

							   �ADVANCE \D 3.60�    20

				�ADVANCE \U 3.60�	�ADVANCE \U 3.60�                                  	(in Bq)

				       WxHx  +  WyHy   +   WzHz

	The annual limit of intake is set such that the sum of risks of stochastic effects from the doses to the various body organs in the 50 years following the intake will not exceed the risk of stochastic effects associated with uniform irradiation of the whole body to the annual dose limit of 20 mSv.  However, there are overriding requirements, based on deterministic effects, that the dose to any single organ must not exceed 0.5 Sv, or 0.15 Sv to the lens of the eye, in a year.  These deterministic limits are more restrictive on intake than the stochastic limits for about 20% of radionuclides.



	In Table 8.2 ALI values are given for some important radionuclides, for inhalation and ingestion.  Since the transfer of material from the lung or from the gut is influenced by the chemical form, it is necessary to specify different values of ALI for certain chemical compounds of some nuclides.  Where deterministic effects determine the ALI, the organ or tissue at risk is shown with the value of the ALI.  Thus the ALIs for sodium-22 and caesium-137 are determined by the stochastic dose limits, while those for iodine-131 and plutonium-239 are determined by the deterministic limits.





	Table 8.2.  Some values of ALI.



Nuclide� Compound� Inhalation ALI

 (Bq)� Ingestion ALI

 (Bq)�� Sodium-22

 Iodine-131

 Caesium-137

 Plutonium-239� All compounds

 All compounds

 All compounds

 Plutonium dioxide

 All other compounds

 Oxides and hydroxides

 All other compounds� 1 x 107

 1 x 106 (thyroid)

 2 x 106

 3 x 102 (bone)

 3 x 102 (bone)� 7 x 106

 8 x 105 (thyroid)

 1 x 106





 3 x 105 (bone

  surface)��



8.4.1	Summation of external and internal exposure



	When a person is exposed to both external and internal radiation the sum of the contributions from each source to the total should not exceed the effective dose limit.  This is achieved when:



				HI   �ADVANCE \D 3.60� +   �ADVANCE \U 1.45�S �ADVANCE \U 2.15� IJ    �ADVANCE \D 3.60� £�ADVANCE \U 3.60�	1

				HwbL 	IJL		 



where	HI	is the annual dose received through external exposure

		HwbL	is the annual effective dose limit

		IJ	is the annual intake of radionuclide J, and

		IJL	is the annual limit of intake for radionuclide J.



�



	Example 8.1.  As a result of a laboratory accident, 370,000 Bq of 131I was internally taken (inhaled) by a radioisotope technician (radiation worker).  74 kBq was deposited in her thyroid gland, and 296 kBq was uniformly distributed throughout the rest of her body.  Using data from bioassay measurements and body scanning, the health physicist calculated a thyroid absorbed dose of 123 mGy and a dose to the rest of the whole body of 0.26 mGy.



	a)	What was the technician's whole body effective dose?

	

		The equivalent dose for each organ (HT) is calculated using a radiation weighting factor (WR) of 1 for gamma emitters.



				HT	=	S WRD

	

				HT	=	1 x 123 mSv for the thryroid



				HT	=	1 x 0.26	=	0.26 mSv for the rest of the body



		Effective dose (E) is calculated using a tissue weighting factor of 0.05 for the thyroid (from Table 4.3) and 0.95 for the rest of the body.



					E	=	S [(0.05 x 123) + (0.95 x 0.26)]

		

						=	6.40 mSv



	b)	Was she overexposed according to the ICRP dose limits?  



	Since the effective whole body dose is less than 20 mSv, dose from this accidental exposure did not exceed the annual dose limit.  Whether her total dose for the year, after suffering this accidental exposure, exceeded the dose limits depends on her previous exposure history.  Her exposure has exceeded the Monash University action level of 2 mSv (10% of the radiation worker limit) so an investigation by the RSO would take place.  Note that there is no longer a "non-stochastic" tissue limit of 500 mSv.





8.5		The theory of control of internal exposure



	Basically, protective measures to counter internal radiation are designed either to block the portals of entry into the body, or to interrupt the transmission of radioactivity from the source to person.  This interruption can be effected either at the source by enclosing and confining it, or by controlling the environment using ventilation and good house-keeping.  It can also be affected at the person by providing him with protection, e.g. protective clothing and with respiratory protective devices.  It should be noted that this approach to control measures does not differ from those employed by the industrial hygienist in the protection of workers from non-radioactive noxious substances.

�

8.5.1	Control of the exposure from contamination



	As with external radiation, the consideration in the control of the radioactive contamination hazard is to limit the dose to the various organs of the body to the permitted level.  The hazard is controlled by limiting the airborne concentration and the level of surface contamination.



·	Derived air concentrations



	The derived air concentration (DAC) is the concentration of the radionuclide in the air which would result in a worker receiving an intake of 1 ALI in a year through inhalation.  Using the ICRP "reference man" breathing rate, the DAC may be calculated.  The breathing rate is assumed to be 10 m3 per 8 hour working day.



	Thus for a worker employed for 50 weeks per year, 5 days per week, 8 hours per day, the DAC is:





				  ALI (inhalation)

		�ADVANCE \U 5.75�DAC	=	                       		Bq/m3

				    50 x 5 x 10





	Example 8.2.  Calculate the DAC for plutonium-239 dioxide.  ALI (inhalation) for 239PuO2 = 3 x 102 Bq.



						    5 x 102

		�ADVANCE \U 5.75�DAC	=		                       	=	2 x 10-1 Bq/m3

					      50 x 5 x 10



	

	Values of DAC vary enormously, ranging, for example, from 8 x 10-2 Bq/m3 for most compounds of 239Pu up to 108 Bq/m3 for certain other radionuclides.



·	Derived limits for surface contamination



1 derived working limit (DWL or DL) represents the maximum allowable limit of surface contamination if the effective dose limit is not to be exceeded on an annual basis for either occupational or public exposure.



Derived limits are designed to control surface contamination such that:



-	The amount of contamination kicked up does not cause the DAC to be exceeded.



-	The amount ingested does not cause the ALI to be exceeded.



-	If on the skin, the skin dose does not exceed the equivalent dose for the skin.

�

	The ICRP and the Health Department of Victoria do not stipulate derived limits for various radionuclides.  However British Radiation Authorities stipulate the following limits based on an annual effective dose of 50 mSv and using the "class" groups given in AS 2243.4 (1994).  These are shown in Table 8.3.



	As these derived limits are not based on the current effective dose limit of 20 mSv annually, it is recommended that they be cut to 40% and used conservatively.	



	In most cases it is found that the skin dose, or potential skin dose, is the limiting consideration for b emitters.  For a emitters the limit is normally defined by the possible inhalation hazard.  The derived limit depends on the radiotoxicity of the nuclide or mixture of nuclides present.  Values of typical a emitters and typical mixtures of a emitters are shown in Table 8.3.  The limit for most a emitters is a factor of 10 lower than that for nuclides which emit other radiations; this reflects the very high toxicity of most a-emitters.  In areas in which the DL is liable to be exceeded special control measures must be exercised.





	Table 8.3.  Derived limits of surface contamination.



�PRIVATE ��	Very high toxicity*

	nuclides including a-emitters�	Medium toxicity*

	nuclides emitting other radiation�	Lower toxicity*

	nuclides�� 	3	x	103 Bq/m2



 	(8	x	10-6 mCi/cm2)� 	3	x	104 Bq/m2



 	(8 	x 	10-5 mCi/cm2)� 3	x	105	-	3 	x 	106 Bq/m2



 (8 x	10-4	- 8	x	10-3 mCi/cm2)

 depending on toxicity��

  *	For the classification of nuclides according to their radiotoxicity, see Australian Standard 2243.4, 1994, Safety in Laboratories - Part 4- Ionising Radiation - Appendix B.





8.6	Routine control of contamination



8.6.1	Basic principles



	There are three basic principles which can be applied to the control of radioactive contamination:



-	Minimise as far as possible the amount of activity being handled.



-	Contain radioactive material, normally at least two levels of containment are provided.



-	Follow the correct procedures regarding protective clothing, washing and monitoring facilities, etc.







	Figure 8.3 illustrates a typical containment system which might be applied to a radioisotope laboratory.  The four levels of containment are:  the bottle containing the liquid, the splash tray, the fume hood and finally the barrier at the entrance to the laboratory.











































Figure 8.3.  Schematic diagram illustrating four levels of containment







8.6.2	Area classification



	As with the external radiation hazard, routine control of contamination is by means of a system of area classification.  Table 8.4 shows the control levels of a typical system.  It must be stressed that this table should be regarded as illustrative only.  Many establishments have more detailed systems of area classification to cope with the specific contamination hazards that arise from the particular work activity.



	Regular surveys should be made in supervised and controlled areas and in the adjacent uncontrolled areas to ensure that contamination is not spread beyond the barriers.



�

	Table 8.4.  Control levels for area classification.





	Type of area�

	Surface contamination�

	Airborne contamination��	Uncontrolled (non-active)



	Supervised (contamination)



	Controlled (contamination)�	less than 1 DL



 	1 to 3 DL



 	greater than 3 DL�	less than 1/10 DAC



	1/10 to 3/10 DAC



 	greater than 3/10 DAC��



8.6.3	Protective clothing and equipment



	The protective clothing requirements in a contaminated area depend on the nature and amount of the contamination.  For low levels of surface contamination an ordinary laboratory coat with overshoes and gloves may be sufficient.  When there are substantial levels of airborne contamination it is usually necessary to have a fully enclosed dry suit and a filter mask or a mask fitted with an air supply.  Again, when the contamination is in liquid form it is often necessary to wear a fully enclosed PVC suit with a filter mask or fresh air supply.



	Protective clothing reserved for radioactive work only, should be worn at all times in the laboratory even for very low levels of activity.  In low level laboratories and for most work in medium level laboratories, a normal laboratory coat or overall is sufficient.  In high level laboratories and for work at the upper end of the medium level classification, a surgical gown, presenting an unbroken front surface, is better.  To prevent the transfer of radioactive contamination from high level laboratory floors, overshoes or similar specially designated footwear shall be worn.  All protective clothing worn in radioisotope laboratories should be removed before leaving, and left in or immediately outside the laboratory; the latter place should then be regarded as an "active" area, i.e. possessing a potential contamination hazard.   Protective clothing found to be contaminated should not be laundered with uncontaminated items.



	Suitable gloves should be worn for all work with unsealed radioactive materials, and special care should be exercised when putting on or removing gloves, to avoid contaminating the hands and the inside surfaces of the gloves.



	Whatever the standard of protective clothing, the change area and barrier arrangements must be adequate and should have the following facilities:



-	Washhand basin (and possibly a shower) and monitoring instruments (for example, a hand and clothing monitor).



-	Suitable stowage on the non-active side of the barrier for the worker's personal clothing.



-	Conveniently placed protective clothing ready for use.

-	Containers for used clothing and radioactive waste.



-	Noticeboards at the barrier stating "no unauthorised entry", the hazards in the area, the clothing to be worn and any other precautions to be taken.



-	Emergency instructions, detailing actions in the event of possible incidents such as criticality, fire, serious personal contamination, should be posted in the area.  Consideration must also be given to suitable emergency exits.



	Special arrangements must be made for laundering clothing worn in contaminated areas and the effluent from laundry facilities is treated as liquid radioactive waste.



8.6.4	House rules and training of personnel



	The control of contamination depends on everyone who enters a controlled or restricted area and so all personnel who work in such areas should be given initial and subsequent periodic training in the hazards involved and in the house rules.  Some typical house rules for controlled and restricted areas are:



-	All work with unsealed radioactive materials should be segregated from other work and, where possible, carried out in a laboratory reserved solely for the purpose.



-	Eating, drinking, smoking and the application of cosmetics should not take place in the laboratory. 



-	Techniques should be well thought out and understood before work is undertaken.  Practice runs should be made with inactive material.



-	Working procedures should be reviewed periodically by the RSO.



-	The standard of cleanliness in a radioisotope laboratory should be much higher than in a normal chemical laboratory.  



-	Radiation and contamination surveys of a type and frequency determined by the RSO should be carried out with suitable monitoring equipment.



-	Paper towels and tissues, which can be discarded after a single use as active waste, should be used in preference to fabric materials for personal purposes in the laboratory.



-	No mouth operation should be carried out in the laboratory.  



-	All reagents, tools and, where possible, apparatus used in the "active" areas should be clearly labelled (e.g. with paint), and should normally remain in the "active" area.

�

-	All radioactive preparations should be clearly marked with details of the chemical compound radionuclide, activity, date and name of responsible user. 



-	All work with unsealed liquid sources should be carried out in a double container or over large trays (e.g. stainless steel or plastic) lined with absorbent paper.



-	Operations that can produce vapour, spray, dust or radioactive gas, should be carried out in a fume cupboard or glove box.



-	Electrical heating should be used for laboratory operations in a radioisotope laboratory.  Evaporation should be from above, by an infrared lamp, to reduce splashing and spraying.



-	Waste bins for solid active material (e.g. filter papers) should be provided in the laboratory.  



-	When leaving the laboratory, every worker should wash their hands thoroughly.  Hands, clothing and shoes should be monitored to ensure that no contamination is present.  



-	If work with radioactive materials after working hours is unavoidable, there should always be two persons in the laboratory.



-	Cleaning of radioisotope laboratories should be carried out under supervision.  

-	Maintenance work (e.g. repairs to sinks, waste pipes, and exhaust ducting) should be carried out only after the RSO has verified that there is no radiological hazard involved.



-	For good working practice, counting apparatus should normally be in a separate room.  



8.7	Radiotoxicity and laboratory classifications



8.7.1	Laboratory grading



	The amounts of unsealed radioactive material that can reasonably be handled in a single batch in the laboratory depend upon a number of factors.  The more important of these factors are radiotoxicity, volatility, external radiation level, nature of the work, and the design of the laboratory.  



	For the purpose of administration of radiation protection measures and providing facilities appropriate for each level of potential hazard, laboratories where unsealed radioisotope material are use or stored are graded into following three types based on the hazard potential of the radioactive materials used and the work being done:



	Grade A - laboratories with greatest hazard potential



	Grade B - laboratories with intermediate hazard potential



	Grade C - laboratories with lowest hazard potential



	To facilitate the coding of laboratories, radionuclides are split into 4 classes based on their radiotoxicities (see Australian Standard 2243.4) and grading factors are assigned to procedures (Table 8.5).



	As the potential for radioactive contamination is largely determined by the nature of the work, for laboratories where other operations are carried out, the factors shown in Table 8.6 can be modified using the grading factors given in Table 8.5.  The class assigned to a laboratory is the highest class, when different classes of radionuclide and different procedures are carried out in the same laboratory.





	Table 8.5  Grading factors.



Procedure Factor�	Factor�� Simple Storage



 Very simple wet operations (e.g. preparations of aliquot of stock

 solutions)



 Normal chemical operations (e.g. analysis of simple chemical        preparations)



 Complex wet operations (e.g. multiple operations, or operations    with complex glass apparatus)



 Simple dry operations (e.g. manipulations of powders) and work    with volatile radioactive compounds



 Complex dry operations (e.g. where powders are likely to             become airborne) and work with radioactive gases�	x 100



	x 10





	x 1



	x 0.1





	x 0.01





	x 0.001

��



	For normal wet chemical operations radioisotope laboratories are classed according to the quantities of each class of radionuclide used or stored there in, as shown in Table 8.6.



�

	Table 8.6.  Grading of Radioisotope Laboratories.



Radiotoxicity

class�Grade of laboratory for specified levels of activity�����Grade C

Laboratory�Grade B

Laboratory�Grade A

Laboratory��Class I



Class II



Class III



Class IV�< 0.4 MBq



< 40 MBq



< 4 GBq



< 0.4 TBq�0.4 MBq to 40 MBq



40 MBq to 4 GBq



4 GBq to 0.4 TBq



0.4 TBq to 40 TBq�> 40 MBq



> 4 GBq



> 0.4 TBq



> 40 TBq��

	Grade C laboratory can be an ordinary laboratory not originally designed for handling radioactive materials where as a Grade B laboratory has to be of a high standard comparable to a high quality chemical laboratory.  A grade A laboratory is a specially designed facility with elaborate equipment to enable safe handling of high levels of radioactivity.



8.7.2	Laboratory facilities



·	Grade C laboratories



	In low level laboratories a high degree of cleanliness is essential, and fitting and finish should be chosen with this in view.  The following factors should be considered:



-	The floor should be covered with a continous material.  All joints should be arranged to be  in places away from sources of contamination (e.g. not near sinks nor under edges of benches) sealed and made waterproof.  



-	Walls and ceilings should be smooth and reasonably free of electrical conduit, water and gas pipes, etc.  



-	Bench tops should have a water proof, chemically resistant covering.  Stainless steel is recommended.  Melamine plastics may be suitable but if they are scratched or braded they tend to trap contamination.  Rigid PVC coatings can be very good provided that organic solvents are not used extensively.  



-	Hand-operated taps are undesirable.  Those operated by elbow, or knee are preferable.



-	There should be at least one fume cupboard in the laboratory.  



-	A rack should be provided near the door for laboratory coats.

�

·	Grade B laboratories



	Medium level laboratories should be designed to comply with 

requirements given below in addition to complying with the requirements for Grade C laboratories.



-	Floors and benchtops should present a continuous, non-abosorbent surface.  The floor must be strong enough to support the weight of any shielding required in the laboratory.



-	At least one fume cupboard should be provided.  The extract ducting should be separate from that for non-active laboratories, and should carry air outside the building at a point well away from windows or air intakes.  



-	Uncovered pipe work, suspended light fittings, and similar surfaces capable of collecting dust and contamination, should be avoided.  



-	An area for changing shoes and overalls should be provided separate from the laboratory.  This area should have coat racks, washbasins, monitoring equipment, and a physical barrier such as a low bench at the entrance of the laboratory.



·	Grade A laboratory



	High level laboratories are intended specifically for a certain function and need special design and planning before construction; rarely can an existing laboratory be modified for the purpose. Such laboratories should preserve the high standard required of a Grade B laboratory together with the following:



-	A ventilation system capable of supplying at least 10 changes per hour of filtered air.  All air removed from the laboratory should comply with the requirements of AS2243.4.



-	Large quantities of gamma emitters need extensive shielding and remote handling equipment, and consideration should be given to permissible floor loadings, provision of cranes, etc.



-	Facilities for decontaminating apparatus.



-	Provision of warning signs, lights and interlocks, as necessary.















�

8.8	Design and areas for radioactive work



8.8.1	Walls, floors and ceilings



	The basic requirements is that the walls, floors and ceiling should have a good clean finish which is free from cracks.  From the point of view of cleanliness and ease of cleaning it is desirable to have coverings at all angles of walls, ceiling and walls, and floors and walls.

	Plastered walls and ceilings can be made non-porous and smooth by the application of gloss paint.  An alternative approach is to "face" the walls with a suitable strippable material, for example, melamine laminate on a resin bonded plywood backing which is butt joined and the joints sealed.  Other finishes which have been used for walls and ceilings include chlorinated rubber-based paint, epoxide resin paint and various other strippable materials.



	The most satisfactory floor covering consists of sheet PVC which is stuck down and all joints welded.  Such a floor covering should have an integral coved skirting.  An alternative covering consists of sheet linoleum which is made water repellant by applying a hard wax followed by soluble wax.  In the case of sheet linoleum a separate preformed coved skirting has to be used and joints have to be cold welded.  PVC or linoleum tiles are not normally recommended because the many joints in the floor make cleaning-up after contamination a difficult operation.  Concrete and wood are poor floor materials but their use is sometimes unavoidable.  When they have to be used they should be treated with a rubber-based paint to make them water repellant.



8.8.2	Working surfaces



	Working surfaces should be finished in hard non-porous materials which have the necessary heat and chemical resisting properties.  The materials most commonly used include:



-	Melamine resin plastic laminate such as Formica.  It should be bonded to the backing material with a resin glue to give the necessary temperature resistance.



-	Polyvinyl chloride sheet, such as Darvic, which can be welded and is completely self-extinguishing.



-	Stainless steel is a useful material but there is a tendency to get physical bonding between it and corrosion products.  Also, stainless steels are susceptible to attack from certain chemicals, for example, hydrochloric acid.



-	Glass fibre reinforced resin which can be moulded to shape.  It can be treated to make it fire resistant, but it may burn in fire.



-	Polypropylene, which can be welded and heat-formed.  This material has such a high chemical resistance that it is difficult to find suitable adhesives for it.  It is not fire resitant and, once ignited, it will continue to burn.





8.8.3	Glove boxes



	These are installed in active laboratories to facilitate the handling of hazardous materials.  They consist of a leak-tight enclosure in which objects or materials may be manipulated through gauntlet gloves attached to ports in the walls of the box (see Figure 8.4). Their aim is to provide containment for materials which are either radioactive, or chemically toxic, or both.  Usually they do not provide any shielding protection against penetrating radiation and so they are used for alpha or beta emitters.  When gamma-emitting isotopes have to be handled, a wall of lead bricks is usually constructed between the operator and the glove box.



	Glove boxes are maintained at a pressure slightly below that of the outside laboratory.  This means the air will flow into the glove box should a leak develop and this will prevent the contamination escaping.  Two filters are normally placed on the ventilation system; one to remove dust from the air being drawn into the glove box and the second to remove radioactive particles from the air being drawn out of the box.



8.8.4	Fume cupboards



	A fume cupboard is used when relatively low levels of activity (in the MBq range) are being handled.  The material is handled via an opening at the front through which air is drawn from the laboratory into the fume cupboard.  This protects the operator from any leakage of contamination through the opening into the general laboratory.  The services usually required in a fume cupboard are water, gas, vacuum and electricity.  The controls for these services should be situated outside the fume cupboard to minimise the number of movements through the front opening.  



	It is good practice to ensure that the opening of the fronts of fume cupboards are kept to a minimum to reduce the chance of radioactive contamination entering the general laboratory atmosphere.  The design of high efficiency fume cupboards requires specialist advice.  Australian Standard 2243.8 should be consulted for this purpose.































Figure 8.4.  Schematic drawing of a glove box.



8.8.5	Change rooms



	Change rooms shall be provided at the entrance to high level laboratories, should be provided for medium level laboratories, and  may be provided for low level laboratories.  The layout of change rooms should be such that the correct route through them is obvious, and it should be difficult if not impossible to bypass the correct route.  Depending on the type of laboratory served, the change room should provide:



-	A clear barrier or demarcation between the 'active' and the 'non-active' areas, with adequate space on each side.



-	Storage for clothing on each side of the barrier and containers for used contaminated clothing beside the barrier on the active side.



-	Washing facilities on each side of the barrier, preferably with elbow or foot-operated taps.



8.8.6	Monitoring equipment



	Monitoring equipment appropriate to the radionuclides being used should be provided in low level laboratories and shall be provided in medium and high level laboratories.
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