WORK WITH IONISING RADIATION  :  RISK ASSESSMENT
Regulation 7 of the Ionising Radiations Regulations (NI) 200 states:


“before a radiation employer commences a new activity involving work with ionising radiation in 
respect of which no risk assessment has been made by him, he shall make a suitable and 
sufficient assessment of the risk to any employee and other persons for the purpose of 
identifying the measures he needs to take to restrict the exposure of that employee or other 
persons to ionising radiation.”

Therefore before commencing a new work activity involving ionising radiations the project supervisor has a responsibility to ensure that a risk assessment is made which identifies the hazards and evaluates the nature and magnitude of the risks to which both research workers and others (not directly involved in the work could be subjected).  This prior risk assessment should enable the project supervisor to produce guidelines detailing the action necessary to reduce exposure to ionising radiations to as low a level as reasonably practicable (ALARP).  It is standard practice to draw up these guidelines in the form of protocols, working instructions and local rules.
For the risk assessment to be suitable and sufficient, the following matters should be given careful consideration (where they are relevant):

· nature and magnitude of sources of ionising radiation to be used, or likely to be present (including any radioactive waste accumulated).

· estimated radiation dose rates to which anyone could be exposed as a result of the process (Attachment 1).

· the likelihood of contamination arising and being spread.

· estimated levels of airborne and surface contamination.

· the nature of the work to be carried out.

· the results of any previous personal dosimetry or area monitoring relevant to the proposed work.

· control of access to the working area.

· the control measures already in place.

· availability and effectiveness of personal protective equipment.

· accident situations, their likelihood and potential severity (spillages, failure of control measures, such as interlocks, fume cupboards etc).

Restriction of Exposure
The project supervisor should use and clearly document all reasonably practicable means to restrict exposure to ionising radiations to very low levels.  Risks from ionising radiations should be minimised by using the optimum choice of radionuclide or X-rays of energy consistent with the experimental requirements.  The use of techniques not involving ionising radiations must also be explored fully.
Restricting the External Hazard (Arising from a radiation field that is outside the body)
External hazards can be found in the vicinity of X-ray sets whilst operating and from both sealed and unsealed sources of radioactive material.
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Doses can be minimised by:

(i) keeping one’s distance – sources must never be handled directly using fingersΦ
(ii) use of effective shielding*

(iii) keeping the time of exposure to the source to a minimum, and

(iv) in the case of work with radionuclides optimising the amount used.


ΦThe 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”.


Therefore doubling the distance from the source, reduces the dose-rate by a factor of 4.


*βeta particles are best shielded by materials of low atomic number to prevent the production of 
Bremsstrahlung radiation.  Perspex and glass are particularly effective shielding materials.  
(Table below shows the thickness of shield required for complete absorption).



Emax(MeV)

0.5

1.0

2.0

3.0



Glass


1mm

2mm

4mm

7mm



Perspex

2mm

4mm

7mm

12mm


Note:
P32 Emax 1.71 MeV

Gamma and X-rays are much more penetrating than beta particles of the same energy and require shielding materials of high density such as lead and concrete.  The table below shows the thickness of lead required to reduce the intensity to one half of its incident level (HVL) and to one tenth of its incident value (TVL).



Gamma Energy



HVL


TVL



        MeV





mm of lead shielding



         0.5


                4


  12.5



         1.0



  11 


  35



         1.5


               15


  50



         2.0



  19


  60

Restricting the Internal Hazard (Arising from radioactive material incorporated into the body)
Unsealed sources of radioactive material may be taken into the body by inhalation, ingestion, absorption through unbroken skin or by direct injection through a cut or abrasion of the skin.  The intake of even very small amounts of radionuclides can result in significant radiation doses to surrounding organs and tissues.
Such doses can be minimised by adopting good working practices to restrict the possibility of intake.  Some basic precautions follow:

· use materials of low radiotoxicity.*

· maintain only the minimum stocks of radionuclides in the laboratory.
· use containment to prevent the spread of contamination.
· monitor the work area for contamination on a regular basis.
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· remove contamination immediately.  If this is not practical, cover the affected area with appropriate shielding and place a suitable notice at the site.

· observe high standards of personal hygiene, cleanliness and good housekeeping.

· prohibit eating, drinking, smoking and applying of cosmetics in the laboratory.

Such working practices for work with unsealed sources should be set out in Local Rules which should be posted in the laboratory.

*A useful indication of the radiotoxicity of a radionuclide is given in the table below, which shows the activity of an intake leading to an internal dose of 1 mSv.



Radionuclide




Activity/Dose 1 mSv



H-3 (water)





55.6 M Bq



H-3 (organically bound)




23.8



C-14






  1.7



P-32






  0.3



P-33






  0.7



S-35






  0.8



I-125






  0.07
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Attachment 1:  Estimation of Dose-rates and Doses
(i)
A useful expression for estimating dose-rates from penetrating beta emitters is:






D  =  760 A

             where         D  is the dose-rate in μSv/hr at a distance of 10 cm from a point source

                   A  is the source activity in MBq.

Similarly, the expression for calculating the approximate dose-rate from a gamma source is:






D  =  ME





         6r2

where



D is the dose-rate in μSv/hr






M is the activity in MBq






E is the energy/disintegration in MeV






R is the distance from the source in metres.

For example, the dose-rate at 1m from a 10 MBq source of I-125 is calculated to be 0.07 μSv/hr.

(ii)
Useful formulae for estimating doses from exposure to radioisotopes in molecular and cellular

biology are given in:    


J. Radiol Prot 1999 Vol 19 No 2,  pp129 – 141 by C Onado, M Faretta and P Ubezio.

Representative examples of the estimated annual doses for researchers working with a single radioisotope are reported in the table below.  The doses given are calculated on the assumption that the researcher works 20 hr per week in a laboratory where 3700 MBq of the same isotope are used each year.  The laboratory has a volume of 60m3, ventilated at a rage of 6 air changes per hour and has a continuous environmental contamination of 0.37 MBq per m2 on 2m2.
(iii)
Useful information is also available from the Radionuclide and Radiation Protection Data 

             Handbook 2002.


Relevant abstracts can be obtained from the Radiation Protection Advisor on request.  
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Table:
Annual Dose Estimate (μSv)
	
	3H
	14C
	32P
	33P
	35S
	125I



	Internal dose

  Inhalation - work

  Ingestion – work

  Inhalation – environment

  Inhalation – contamination

  Total internal dose

External dose

  Work

  Work – accidental

  Environment

  Environment – accidental

  Total external dose

  Total internal + external

Hands and skin doses

  Hands

  Hands – accidental

  Total hand dose

  Skin
	0.05

0.08

0.05

0.02

0.20

0

0

0

0

0

0.20

0

0

0

0
	0.72

1.07

0.72

0.29

2.79

0

0

0

0

0

3

0

10605

10605

8484
	3.95

4.44

3.95

1.58

13.91

41

278

83

17

418

432

17629

5907

23536

4726
	1.73

0.44

1.73

0.69

4.59

0

0

0

0

0

5

0

9366

9366

7493
	1.60

1.42

1.60

0.64

5.27

0

0

0

0

0

5

0

10316

10313

8253
	17.27

27.75

17.27

6.91

69.19

43

10

13

3

68

137

894

43

937

34




