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[bookmark: _Toc201315144]Abbreviations and Acronyms

[bookmark: _Hlk201315755][bookmark: _Hlk201326210]RPA: 		 Radiation Protection Authority
RPAB:	 Radiation Protection Authority Board
IAEA:		 International Atomic Energy Agency
XRF:		 X-ray Fluorescence
CBCT:		 Cone Beam Computed Tomography
CPD: 		Continuing Professional Development
DRL: 		Diagnostic Reference Levels
QA/QC:	Quality Assurance/Quality Control
ALARA: 	As Low As Reasonably Achievable
TLD: 		Thermoluminescent Dosimeter
EPD:		Electronic Personal Dosimeter
SOP:		Standard Operating Procedure
ICRP: 	International Commission on Radiological Protection
IEC: 		International Electrotechnical Commission
PPE: 		Personal Protective Equipment
RPO: 		Radiation Protection Officer
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[image: ]Over the last five decades, the utilization of ionising radiation in Zambia has expanded significantly across various sectors, including health, manufacturing, mining, agriculture, research, and training. X-ray Fluorescence (XRF) technology has become an essential analytical tool for elemental analysis in mineral exploration, quality control, customs inspections, and research applications. While XRF provides rapid and non-destructive analysis capabilities, its use involves ionising radiation that requires proper management to ensure safety.
This X-Ray Fluorescence Safety Guide serves as a comprehensive resource for organisations, operators, and radiation safety personnel involved in XRF operations. It provides essential requirements for the safe acquisition, installation, operation, maintenance, and decommissioning of XRF analysers. The guide aligns with the Ionising Radiation Protection Act No. 16 of 2005 as amended by Act No. 19 of 2011 and incorporates international best practices promoted by the International Atomic Energy Agency (IAEA).
By adhering to this guide, facilities will ensure compliance with national regulations while fostering a culture of safety that protects workers, the public, and the environment from the harmful effects of ionising radiation.
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The X-Ray Fluorescence Safety Guide provides comprehensive requirements to ensure safe and compliant use of XRF analysers in Zambia. It aligns with the Ionising Radiation Protection Act No.16 of 2005 as amended by Act No. 19 of 2011 and international standards. The guide covers all types of XRF analysers including cabinet units, open-beam systems, and handheld devices. It emphasises justification, optimisation, dose limitation, facility design, occupational protection, security measures, and emergency preparedness to maintain high safety standards.
1.1	Purpose
The purpose of this guide is to ensure that all entities using XRF technology maintain the highest standards of radiation safety throughout the equipment lifecycle from acquisition to decommissioning.
1.2 Scope
This safety guide applies to all XRF operations in Zambia under the purview of the Radiation Protection Authority. It covers cabinet XRF units, open-beam XRF systems, and handheld/portable XRF analysers used in laboratories, field operations, and industrial settings.
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2.1	The Licensee should ensure that:
2.1.1	Every use of XRF technology is justified with benefits outweighing risks 
2.1.2	Alternative non-radiation methods are considered where feasible 
2.1.3	Written justification for XRF use is documented and maintained 
2.1.4 	Radiation exposure is kept "As Low As Reasonably Achievable" (ALARA) 
2.1.5 	Lowest possible kVp and exposure time settings are used 
2.1.6	Appropriate collimation and beam limitation are implemented 
2.1.7 	Distance and shielding principles are applied consistently 
2.1.8 	Work procedures minimise exposure time 
2.1.9	Quality Assurance programs are implemented as per Appendix I 
2.1.10	Regular review of operating procedures for optimisation opportunities 
2.1.11 Dose constraints for workers are established (≤6 mSv/year recommended) 
2.1.12	Public dose limits are maintained (≤1 mSv/year)
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3.1	The Licensee/facility should ensure that:
3.1.1	Controlled areas are designated around fixed XRF installations
3.1.2	Structural shielding is designed by qualified experts based on:
i. Maximum workload and occupancy factors
ii. X-ray tube output characteristics 
iii. Scatter radiation considerations
3.1.3	Shielding effectiveness maintains dose rates ≤2.5 μSv/hr in occupied areas
3.1.4	Access control measures include: 
i. Lockable doors for XRF rooms
ii. Interlocks on cabinet units
iii. Key control systems
3.1.5	Warning signs are posted at all entrances displaying: 
i. Radiation trefoil symbol 
ii. "CAUTION - X-RAY EQUIPMENT" 
iii. RPO contact information
3.1.6	Warning lights indicate when X-ray tube is energised
3.2	For XRF equipment, the following requirements apply and are 			mandatory:
3.2.1	Compliance with IEC/ISO safety standards
3.2.2	RPA licensing before first use
3.2.3	Safety assessment after installation including: 
i. Leakage radiation measurement 
ii. Interlock functionality testing
iii. Shielding adequacy verification
3.2.4	Functional safety features including: 
i. Fail-safe interlocks
ii. Emergency stop capability
iii. Dead-man exposure switch for handheld units
iv. Audible/visual exposure indicators
3.2.5	Maintenance schedules and Standard Operating Procedures (SOPs) are established
3.2.6	Decommissioning is done only after RPA notification and approval 
3.2.7	Handheld units have: 
i. Trigger locks when not in use
ii.  Backscatter shields
iii.  Proximity sensors where applicable
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4.1	The licensee/facility should ensure that:
4.1.1	Safe work practices include: 
4.1.1.1 Operators are never in primary beam path 
4.1.1.2 Minimum 2-meter distance during open-beam operation 
4.1.1.3 Use of remote operation capabilities where available 
4.1.1.4 Written Local Rules posted and enforced 
4.1.1.5 No direct handling of samples during exposure 
4.1.1.6 Survey meter checks after each measurement
4.1.2	Personal protection measures are put in place such as: 
4.1.2.1 Lead aprons (≥0.25 mm Pb) for open-beam operations 
4.1.2.2 Extremity monitors for frequent handheld users 
4.1.2.3 Mandatory Thermoluminescent Dosimeters (TLD) for all 	 operators 
4.1.2.4 Dosimeter processing every 2 months 
4.1.2.5 Investigation levels set at:
i. 1 mSv/month for whole body
ii. 10 mSv/month for extremities 
iii. Annual dose review and optimisation
4.1.3	Administrative controls are put in place such as: 
4.1.3.1 Only trained and authorised personnel operate equipment 
4.1.3.2 Minimum 40 hours initial radiation safety training 
4.1.3.3 Annual refresher training (8 hours minimum) 
4.1.3.4 Pregnant worker policy implementation:
i. Pregnancy declaration procedures
ii. Work modification options establishment in order to protect the foetus  
iii. Fetal dose limit <1 mSv for the pregnancy duration 
4.1.4 	Health surveillance program including:
4.1.4.1 Pre-employment baseline examination
4.1.4.2 Annual health checks
4.1.4.3 Exit examination
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5.1 	The Licensee/facility should ensure establishment of:
5.1.1	 Physical security measures: 
5.1.1.1 XRF analysers stored in locked, designated areas when not in use 
5.1.1.2 Access restricted to authorised personnel only 
5.1.1.3 Inventory checks performed daily for portable units 
5.1.1.4 Storage areas equipped with intrusion detection where 	 feasible 
5.1.1.5 Keys/access codes controlled and documented
5.1.2	Transport requirements: 
5.1.2.1 Transport only by authorised personnel 
5.1.2.2 Portable units secured in locked containers during 			 transport 
5.1.2.3 Vehicle doors locked when unattended 
5.1.2.3 Transport log maintained showing:
i. Date and time of movement
ii. Origin and destination
iii. Personnel responsible
iv. Equipment serial numbers 
v. Never leave equipment unattended in vehicles
5.1.3	 Field operation security: 
5.1.3.1 Constant visual supervision of handheld units 
5.1.3.2 Temporary storage in locked vehicle or container 
5.1.3.3 Two-person rule for remote locations 
5.1.3.4 Equipment tethered to operator when feasible 
5.1.3.5 Return to secure storage immediately after use
5.1.4 	Loss prevention measures: 
5.1.4.1 Unique identification marks on all units 
5.1.4.2 GPS tracking for high-value portable units where feasible
5.1.4.3 Regular security awareness training 
5.1.4.4 Immediate reporting procedures for loss/theft 
5.1.4.5 Cooperation agreements with local law enforcement
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[bookmark: _Hlk202431982]6.1 	The Licensee/Facility should ensure that:
6.1.1 	Public dose limit <1 mSv/year is maintained
6.1.2 	Controlled area boundaries clearly marked
6.1.3 	Access restricted during all XRF operations
6.1.4 	For field operations: 
i. Temporary barriers established (minimum 2m radius)
ii.  Warning signs are posted
iii.  Public excluded from controlled area
6.1.5 	Shielding reassessed when: 
6.1.5.1 Workload increases >25% 
6.1.5.2 New equipment installed 
6.1.5.3 Facility modifications made
6.2	 For radioactive check sources, the Licensee/Facility should:
6.2.1 	Conduct leak testing every 12 months
6.2.2	 Secure storage in shielded containers
6.2.3	 Inventory verification monthly
6.2.4 	Disposal through authorized pathways only
6.2.5 	Lost source reporting within 24 hours
6.3 	Environmental considerations:
6.3.1	 No discharge of radioactive materials
6.3.2	 Beryllium window disposal as hazardous waste
6.3.3	 Equipment disposal plan documented
6.3.4 	 Decontamination procedures established
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7.1 	The Licensee/facility should ensure that:
7.1.1	 Incidents requiring reporting include: 
i. Equipment malfunction causing overexposure
ii. Lost or stolen XRF units
iii. Damaged X-ray tube or beryllium window
iv. Interlock failures
v. Exceeded dose limits
vi. Unauthorised equipment access
7.1.2 	Reporting procedures are established. 
7.1.3   Immediate notification to RPO, followed by RPA notification within 24 hours via phone/email or any other efficient means of communication and submission of a written report within 7 days including:
7.1.3.1 Incident description and timeline
7.1.3.2 Personnel involved and estimated doses
7.1.3.3 Root cause analysis
7.1.3.4 Corrective actions implemented
7.1.3.5 Preventive measures adopted
7.1.4	 Investigation requirements are followed as detailed in Appendix II. 
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8.1 	The Licensee/Facility should ensure that:
8.1.1	Training requirements are established.
8.1.1.1 Initial training requirements: XRF operators should have	         training covering:
i. Radiation physics fundamentals
ii. Biological effects
iii. Protection principles
iv. Equipment operation
v. Emergency procedures 
8.1.1.2 Re-training requirements: 
i. Annual refreshers
ii. New equipment training before use 
iii. Emergency drill participation
iv. CPD activities in radiation safety
8.1.3 	Training records include: 
i. Signed training registers 
ii. Training provider credentials 
iii. Course content and duration
iv. Assessment results
v. Certificates of completion
vi. Next training due date
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9.1 	The Licensee is responsible for:
9.1.1 Appointment of a qualified RPO with authority to stop unsafe practices
9.1.2 Establishment of the Radiation Protection and Safety Program (RPSP)
9.1.3 Provision of resources for safety implementation
9.1.4 Conducting regular radiation protection management review
9.1.5 Maintain compliance with all regulations
9.2 	The RPO is responsible for:
9.2.1 Provision of daily radiation safety oversight provided
9.2.2 Local Rules development and posting
9.2.3 Training coordination and documentation
9.2.4 Management of dosimetry program
9.2.5 Conducting of safety inspections 
9.2.6 Investigation of accidents and incidents 
9.2.7 Records maintenance 
9.2.8 Report submission to RPA
9.2.9 Liaising with RPA on all matters related to radiation protection and safety of the facility
9.3 	XRF Operators are responsible for:
9.3.1 Verification of authorisation before use of equipment
9.3.2 Following the SOPs without deviation
9.3.3 Wearing the provided PPE as required
9.3.4 pre-operational checks of the equipment
9.3.5 Immediate reporting of anomalies 
9.3.6 maintaining adequate training
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1. Securing incident scene 
2. Preserving evidence 
3. Interviewing involved personnel 
4. Reviewing procedures and training records 
5. Implementing immediate corrective actions 
6. Documenting lessons learned

Appendix III: Emergency Response Procedures
Lost or Stolen XRF Unit:
1. Immediately verify loss/theft
2. Notify RPO within 1 hour
3. Report to RPA within 24 hours
4. File police report
5. Conduct area search
6. Review security procedures
7. Document all actions
Damaged X-ray Tube/Beryllium Window:
1. Stop operation immediately
2. Evacuate and secure area
3. Do not handle debris
4. Notify RPO immediately
5. Assess for beryllium contamination
6. Use appropriate PPE for cleanup
7. Dispose as hazardous waste
8. Report to RPA within 24 hours
Interlock Failure:
1. Press emergency stop
2. Remove key
3. Post warning signs
4. Notify RPO
5. Tag equipment "Out of Service"
6. Arrange qualified repair
7. Test before return to service


Daily QA Requirements: 
• Equipment warm-up and stabilisation 
• Energy calibration verification 
• Reference standard measurement 
• Background measurement 
• Visual inspection checklist
 • Interlock function test


Monthly QA Requirements: 
• Full energy calibration 
• Detector resolution check 
• Accuracy verification using certified standards
 • Precision assessment (repeatability) 
• Safety system comprehensive test 
• Radiation survey of equipment


Annual QA Requirements: 
• Comprehensive safety assessment 
• Shielding effectiveness verification
 • Equipment service and calibration 
• Procedure review and update 
• Training effectiveness evaluation 
• Regulatory compliance audit
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