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1 Introduction
This risk assessment has been performed in accordance with Article 31 (3a) of the Radiological Protection Act 1991, (Ionising Radiation) Order 2019 (S.I. No. 30 of 2019), and/or the conditions of the EPA Authorisation, and applying the Risk Assessment Framework specified in the EPA Guidance for undertakings on the application of the Ionising Radiation Regulations (IRR19) of June 2022.
2 Objective
This assessment is intended to identify the hazards associated with the use of radioactive sources or equipment which are subject to EPA authorisation, and to identify those workers or members of the public who may be exposed to those hazards. It evaluates the risks arising from routine operation of the equipment (mainly design stage risks), as well as from foreseeable accidents or improper use, taking existing controls into consideration (mainly operational stage risks).
Recommendations are made on any additional controls necessary to ensure that statutory exposure limits are not exceeded, to ensure that workers and work areas are appropriately classified in accordance with statutory regulations, and to ensure compliance with the conditions of the EPA authorisation.
A risk rating is estimated based on the likelihood and impacts of potential exposures. 
to highlight areas where such additional controls may be necessary.
Quality improvements may also be recommended to enhance the overall radiation safety culture in the organisation, to ensure that all exposures to workers or members of the public are As Low As Reasonably Achievable (ALARA), or to further reduce the likelihood of an adverse event.

3 Purpose & Scope of this Assessment (Identification of Hazards)
4 Identified Risks
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The harmful effects of ionization due to radiation dose in tissue represents the hazard, and the following exposure risks are identified.
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5 Existing & Recommended Controls
The key recommended compliance controls are specified in appendix 2. It is the responsibility of the undertaking to read schedule 1 of the Authorisation and to ensure compliance with all conditions.
6 Persons at Risk & Calculated Doses
7 Assessment of Risks
An assessment of the risks identified in section 4 is presented in Table 2. The risks are designated as Low, Medium, or High Risk as follows.
Low Risk (Green): Such risks require no further action or can be managed by an appropriate person or department. Quarterly monitoring, review, and/or testing of controls will be in place to ensure that controls remain effective in managing the risk.
Medium Risk (Yellow/Amber): Such risks require consideration by the relevant senior academic /management team. It may be that a decision is to take risk treatment options [Reduce, Avoid or Transfer] or to accept the risk but keep it under review [monitor] with an option to open it for further management in the future. Where a risk has a residual score of 8 or above, the department is responsible for escalating this risk and ensuring it is included in the UL Health and Safety Risk Register for central oversight and coordinated management.
High Risk (Red): Where terminating or transferring the risk is not possible, a treatment plan should be developed, the required actions assigned to action owners, and their completion monitored by the relevant senior academic / management team. The relevant department is responsible for escalating this risk and ensuring it is included in the UL Health and Safety Risk Register for central oversight and coordinated management.

A computational methodology is presented in appendix 4 to assist in designating the appropriate risk rating, based on the product of a Likelihood score and an Impact score, on a 4x4 matrix.
The Impacts are identified as Minor, Moderate, Serious or Extreme and are scored 1-4 based on exceeding dose constraints of 0.3mSv, 1mSv, 6mSv, and 20mSv (being the annual Effective Dose limits for members of the public and workers, and the annual threshold dose differentiating between category B and A workers), and 100mSv (being the Equivalent Doses above which there is an increased likelihood of a tissue reaction in the skin. Dose constraints of 15mSv and 20mSv Equivalent Dose to the lens of the eye are also used, being the annual public and occupational dose limits. The scores for Impacts are informed by Hazard Information Sheets presented in appendix 1. Additional information on morbidity and mortality associated with radiation exposure is presented in appendix 3.
Likelihood of exceeding the dose constraints are scored 1-4 based on being Improbable, Possible, Quite Probable or Very probable. Existing controls detailed in section 6 (and appendix 2), as well as calculated exposure times to exceed the dose constraints (appendix 1), help to inform likelihood scores. They also help in identifying additional required controls or suggested quality improvements.
The results of the risk assessment are presented in Table 2.

8 Summary, Recommendations, & Conclusions
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Tables
Table 1: List of Sources

	No. Ref1
	Source 
	Description 
	Location 
	Serial No. 
	Tube Rating or 
Activity
	Comments

	
	
	
	
	
	
	


1 Arbitrary Reference
Table 2: Risk Assessment

	Description of Risk
	Persons At Risk
	Impact (I) &
Likelihood (L)
	Inherent Risk
	Additional Control Measures or Mitigating Factors
	Residual Risk

	Design Stage

	
	
	
	
	
	

	Operational Stage
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Table 3: Summary of Key Recommendations

Compliance Recommendations/Checks & Quality Improvement Recommendations


APPENDIX 1 – HAZARD INFORMATION SHEETS

	HAZARD INFORMATION - IRRADIATING APPARATUS

	

	DESCRIPTION/PURPOSE: 

	Enclosure s/n: 
	Installation Date: 


	LOCATION: 
	PHOTO OR SKETCH


	PERSONS AT RISK:

	

	PERSON IN CHARGE:	POSITION: 
	

	EXPOSURE FACTORS:
	
	Use Factor/Occupancy
	

	
	Time to reach an Effective dose constraint of
1 mSv
	Time to reach an Effective dose constraint of
6 mSv
	Time to reach an Effective dose constraint of
20 mSv
	Time to reach an Effective or Equivalent dose constraint of
100 mSv

	Primary dose rate at 1m:
	
	
	
	

	Primary dose rate at
aperture: 
	
	
	
	

	Secondary dose rate @ 1m:
	
	
	
	

	Secondary dose rate
@ 10cm: 
	
	
	
	

	Leakage dose rate: 
	
	
	
	

	Max. Annual dose @ 0.5m: 
	Min. Occupied Distance: 
	Additional
Shielding: 
	Expected Annual dose: 

	SAFETY FEATURES


	NOTES/ASSUMPTIONS
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APPENDIX 2 – SCHEDULE OF KEY COMPLIANCE CONTROLS

	Facility Name:
	
	Address:
	

	RPO:
	
	Contact:
	


This is a list of some of the key controls in place (Column A) or recommended to be put in place (Column B), to ensure compliance with the conditions of the EPA Authorisation. However, this is not an exhaustive list, and the undertaking is responsible for reading schedule 1 of the Authorisation once issued, and for ensuring compliance with all conditions of Authorisation. Controls which are not applicable are indicated in Column C.

	CONTROLS
	Control in Place
(A)
	Control Required (B)
	N/A (C)

	CONTROLS RELATING TO ALL LICENSED ITEMS
	
	
	

	EPA Authorisation Certificate to be put on public display
	
	
	

	Radiation Safety Procedures (including Emergency Procedures) have been drafted or updated to ensure the safety of the Authorised practice.
	
	
	

	The practice & location has been included on the EPA Licence.
	
	
	

	There is evidence of the date that all authorised users have read the revised or drafted procedures (e.g. signed declaration).
	
	
	

	Suitable security arrangements are in place to prevent the loss or theft of, or unauthorised access to a licensed item.
	
	
	

	All authorised operators have been made aware of the Guidelines on Reporting Radiological Incidents to the EPA.
	
	
	

	All X-ray equipment or sources carry a warning sign noting the ionising
radiation hazard (e.g. X-Ray or Radioactive Material Hazard) and that access is restricted to authorised persons.
	
	
	

	All authorised users X-ray equipment or sources have received appropriate training in the safe operation, maintenance (where relevant), or use of the item.
	
	
	

	An RPO has been appointed with evidence of competence in Radiation Safety.
	
	
	

	The general workforce should be made aware of the location of licensed items, and that access is restricted to persons authorised by the RPO.
	
	
	

	Controlled or Supervised areas must be appropriately delineated in accordance with the risk assessment, or manufacturer’s instructions.
	
	
	

	Where a radiation survey meter is used for in-house checks on licensed items, a calibration certificate has been issued within 12 months.
	
	
	

	Procedures are in place for the safe use, storage, and transport of portable X-ray equipment or sources
	
	
	

	Where outside personnel (e.g. service engineers) require access to X-ray equipment or sources, a written agreement is in place to specify the division of responsibilities for radiation safety of individuals and the public
	
	
	

	CONTROLS RELATING TO X-RAY APPARATUS
	
	
	

	Following installation or delivery, a critical assessment or Installation report must be issued by the installer, including leakage checks.
	
	
	

	Procedures are in place for documenting monthly safety checks including warning lights, key control, emergency stop, interlocks, shielding, etc.
	
	
	

	Arrangements to be put in place for annual maintenance checks in accordance with manufacturer’s instructions. In-house maintenance will only be performed in accordance with manufacturer’s instructions by appropriately trained and authorised personnel.
	
	
	

	Radiation leakage checks will be documented in accordance with manufacturers’ instructions, and at least as part of the annual maintenance checks.
	
	
	

	The significance of x-ray warning lights and audible alerts is clearly indicated on licensed devices.
	
	
	

	CONTROLS RELATING TO NEW RADIOACTIVE SOURCES
	
	
	

	A take-back agreement has been obtained from the manufacturer for the new source, and where the source is replacing an older source, arrangements have been made to return the old source.
	
	
	

	A 1493/93 form has been completed and forwarded to the EPA, or a separate application has been made to the EPA for an Import Licence (where relevant).
	
	
	

	On delivery of the source, a valid wipe test certificate is to be forwarded to the EPA.
	
	
	

	A monthly visual check will be completed and documented to confirm the presence of the source(s).
	
	
	

	Arrangements have been made to inform the Chief Fire Officer of the Local Authority of the locations of all radioactive sources.
	
	
	

	In-house maintenance of shielded devices (e.g. density gauges) containing sources must be performed in accordance with a SOP and following a risk assessment. Workers should never be directly exposed to the unshielded source during normal in-house maintenance or use.
	
	
	



Comments:




APPENDIX 3 - MORBIDITY & MORTALITY RISKS ASSOCIATED WITH RADIATION EXPOSURE
Carcinogenic Risk
Analysis of the epidemiological data of irradiated populations has allowed derivation of the approximate risk of radiation-induced cancer, assuming the Linear No Threshold (LNT) model to be correct. The lifetime value for the average person is roughly a 5% increase in fatal cancer after a whole-body dose of 1 Sv (ICRP 103). On this basis, even a Major whole-body exposure of 20mSv (as defined in this risk assessment methodology in appendix 4) would carry an excess lifetime risk of death from cancer of only approx. 0.1%. This must be viewed with a degree of caution since the dose coefficient adopted by the ICRP is averaged for age and gender, as well as other factors. For example, the risk is likely to be 2-3 times greater for a child than for an adult, and females are at higher risk per unit exposure than males. It is important to note also that risk coefficients should not be applied to Effective Dose to evaluate individual risk, as ED is itself a computed value based on a gender and age averaged model of the body. The 5% dose coefficient can therefore only be used as a rough guide to the average risk arising from radiation exposure of a population. As such, it would indicate that cancer risks associated with any of the dose constraints used in this risk assessment are very low, in comparison with the background lifetime cancer mortality risk of 20-25%.

Hereditary Risk
Hereditary effects as a consequence of radiation exposure have not been observed in humans. No hereditary effects have been found in studies of the offspring and grandchildren of the atomic bomb survivors. However, based on animal models and knowledge of human genetics, the risk of hereditary deleterious effects have been estimated to be not greater than 10% of the radiation induced carcinogenic risk.

Deterministic Effects
Deterministic effects after whole-body and localized irradiation by X and gamma rays are presented in the table below; approximate absorbed threshold doses for single (short-term) and fractionated or low dose-rate (long-term) exposures are shown.














	
Organ
	
Effect
	Threshold Absorbed Dose (Gy)
(Short Term or single Exposure)
	Threshold Absorbed Dose (Gy)

(Long term repeated annual exposures)

	Testicles
	Temporary Sterility
Permanent Sterility
	0.15
3.5-6.0
	0.4
2.0

	Ovaries
	Sterility
	2.5-6
	>0.2

	Ocular Lens
	Detectable Opacities
	0.5-2.0
5.0
	>0.1
>0.15

	Bone Marrow
	Haemopoiesis Impairment
	0.5
	>0.4

	Skin
	Erythema
Moist Desquamation Necrosis
Atrophy
	2
18
25
10-12
	-
-
-
1.0

	Whole Body
	Acute radiation Sickness (Mild)
	1.0
	-
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APPENDIX 4 – RISK ASSESSMENT METHODOLOGY

Risk Rating = Likelihood x Impact

	Risk Rating
	Residual Risk Rating
	Information

		Risk Likelihood

	Risk Impact
	
	Improbable (1)
	Possible (2)
	Quite Probable (3)
	Very probable (4)

	
	Extreme (4)
	Medium
(4)
	Medium
(8)
	High
(12)
	High
(16)

	
	Serious (3)
	Medium
(3)
	Medium
(6)
	Medium
(9)
	High
(12)

	
	Moderate (2)
	Low
(2)
	Medium
(4)
	Medium
(6)
	Medium
(8)

	
	Minor (1)
	Low
(1)
	Low
(2)
	Medium
(3)
	Medium
(4)



	High
(Red)
	Where terminating or transferring the risk is not possible, a treatment plan should be developed, the required actions assigned to action owners, and their completion monitored by the relevant senior academic / management team. The relevant department is responsible for escalating this risk and ensuring it is included in the UL Health and Safety Risk Register for central oversight and coordinated management.

	
	Medium
(Amber)

	Such risks require consideration by the relevant senior academic/management team. It may be that a decision is to take risk treatment options [Reduce, Avoid or Transfer] or to accept the risk but keep it under review [monitor] with an option to open it for further management in the future. Where a risk has a residual score of 8 or above, the department is responsible for escalating this risk and ensuring it is included in the UL Health and Safety Risk Register for central oversight and coordinated management.

	
	Medium
(Yellow)
	

	
	Low
(Green)
	Such risks require no further action or can be managed by an appropriate person or department. Quarterly monitoring, review, and/or testing of controls will be in place to ensure that controls remain effective in managing the risk.
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APPENDIX 5 - DEFINITIONS
ALARA: As low As Reasonably Achievable. A principle of Radiation Safety, requiring that all exposures to ionising radiation must be optimised.
Category A Worker: An exposed worker who is likely to receive an annual effective dose >6mSv.
Category B Worker: An exposed worker who is likely to receive an annual effective dose <6mSv.
Effective Dose: The sum of all individual organ doses which have been weighted by factors which reflects the radio-sensitivities of the individual organs. Measured in mSv.
Equivalent Dose: Absorbed dose weighted by radiation weighting factor. Measured in mSv. Equivalent to absorbed dose for x-rays and gamma rays.
Exposed Worker: A worker who is likely to receive an annual effective dose >1mSv. A worker who is likely to receive <1mSv is considered to be a member of the public for the purposes of dose limitation and setting dose constraints.
Generator kV: An x-ray exposure factor, which may be fixed or variable, which determines the energy or penetrating power of the x-rays produced. kV stands for kilovolt.
Primary Beam: The useful x-ray beam that emerges from the aperture of the x-ray tube. It is normally restricted or collimated to the area of the device which detects the x-rays.
Tube mA: An x-ray exposure factor, which may be fixed or variable, and which determines the intensity of the x-ray beam. mA stands for milliamp.
Scattered Radiation: Secondary radiation which is generated in all directions from an object while it is exposed to a primary x-ray beam or a source of gamma radiation.
Source: An apparatus (e.g. x-ray unit) or a radioactive substance capable of emitting ionising radiation.
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