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[bookmark: _Toc202372731]Abbreviations and Acronyms
RPA: 		Radiation Protection Authority
RPAB: 	Radiation Protection Authority Board
IAEA: 	International Atomic Energy Agency
ALARA:	As Low As Reasonably Achievable
TLD: 		Thermoluminescent Dosimeter
EPD: 		Electronic Personal Dosimeter
SOP: 		Standard Operating Procedure
ICRP: 	International Commission on Radiological Protection
ISO: 		International Organization for Standardization
PPE: 		Personal Protective Equipment
RPO: 		Radiation Protection Officer
QA/QC: 	Quality Assurance/Quality Control
CPD: 		Continuing Professional Development
HEPA: 	High Efficiency Particulate Air
RSC: 		Radiation Safety Committee
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[image: ]Over the past decades, the use of ionising radiation in research and educational institutions across Zambia has expanded significantly, supporting scientific advancement and the training of future professionals. Universities, research institutes, and educational facilities utilise various radiation sources for teaching, research, and analytical purposes. These applications range from simple sealed source demonstrations in secondary schools to complex research involving unsealed radioactive materials and sophisticated X-ray equipment in universities.
This Safety Guide for the Use of Radiation Sources in Research and Education serves as a comprehensive resource for educational institutions, researchers, students, and radiation safety personnel. It provides essential requirements for the safe acquisition, use, storage, and disposal of radiation sources in academic settings. 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 and the International Commission on Radiological Protection.
By adhering to this guide, educational and research institutions will ensure compliance with national regulations while fostering a culture of safety that protects students, researchers, staff, and the public from the harmful effects of ionising radiation. The implementation of these guidelines will enable effective education and research while maintaining radiation exposures As Low As Reasonably Achievable (ALARA).
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The Use of Radiation Sources in Research and Education Safety Guide provides comprehensive requirements to ensure safe practices in academic and research settings across 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 sealed and unsealed radioactive sources, X-ray equipment, neutron sources, and particle accelerators used in universities, research institutes, and schools. It emphasises justification, optimisation, dose limitation, facility design, protection of students and workers, waste management, and emergency preparedness to maintain high safety standards while enabling quality education and research.
1.1	Purpose
The purpose of this guide is to ensure that all educational and research institutions using radiation sources maintain the highest standards of radiation safety throughout the entire lifecycle of source use, from acquisition to disposal, while facilitating effective teaching and research activities.
1.2	Scope
This safety guide applies to all uses of radiation sources in educational and research settings in Zambia under the purview of the Radiation Protection Authority. It covers secondary schools, universities, research institutes, and training facilities using sealed sources, unsealed radioactive materials, X-ray equipment, neutron sources, and particle accelerators for teaching, research, and analytical purposes.
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2.1 	The Licensee must ensure that:
2.1.1	Every use of ionsing radiation sources in education and research is justified by demonstrating that:
2.1.1.1. Educational or research benefits outweigh the radiation risks involved. 
2.1.1.2. Learning objectives cannot be achieved through use of non-ionising radiation alternatives.
2.1.1.3. Risk assessment considers student age and exposure levels. 
2.1.1.4. Written justification is documented and maintained.
2.1.1.5. Usage of radiation sources for academic and research is conducted under a valid Ionising Radiation Licence. 
2.1.2 	Radiation exposure is kept "As Low As Reasonably Achievable" (ALARA) through the establishment of:
2.1.2.1. Engineering controls as primary protection measure 
2.1.2.2. Administrative controls and safe work procedures 
2.1.2.3. Personal protective equipment as supplementary protection 
2.1.2.4. Time, distance, and shielding optimisation
2.1.3	 Dose constraints are established for:
2.1.3.1. Students under 16 years 
2.1.3.2. Students 16-18 years 
2.1.3.3. Students and 18 years and researchers  
2.1.3.4. Members of public.
2.1.4 	Quality Assurance programme is established and should include:
2.1.4.1. Regular review of procedures and practices 
2.1.4.2. Periodic safety assessments 
2.1.4.3. Equipment maintenance and calibration 
2.1.4.4. Incident analysis and lessons learned
2.1.5 	Source selection criteria consider:
2.1.5.1. Minimum activity needed for educational objectives 
2.1.5.2. Physical and chemical form least prone to dispersion 
2.1.5.3. Half-life appropriate to usage patterns 
2.1.5.4. Disposal arrangements are available 
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3.1 	The Licensee/facility should ensure that:
3.1.1	 Laboratory/imaging room classification establishes:
3.1.1.1. Controlled areas where annual doses could exceed 6 mSv/year 
3.1.1.2. Supervised areas where doses could exceed 1 mSv/year 
3.1.1.3. Clear demarcation of controlled and supervised areas with appropriate signage 
3.1.1.4. Access controls proportionate to hazard level
3.1.2 	Structural design requirements include:
3.1.2.1. Location away from high-occupancy areas 
3.1.2.2. Adequate load capacity for shielding materials 
3.1.2.3. Non-porous, decontaminable surfaces for unsealed source work 
3.1.2.4. Separate areas for different contamination levels
3.1.3 	Shielding design incorporates:
3.1.3.1. Shielding calculations by qualified experts based on source type and inventory 
3.1.3.2. Primary barriers for direct radiation 
3.1.3.3. Secondary barriers for scattered radiation 
3.1.3.4. Verification through commissioning surveys
3.1.4	 Ventilation systems provide:
3.1.4.1. Negative pressure in unsealed source laboratories 
3.1.4.2. High Efficiency Particulate Air filtration for exhaust where appropriate 
3.1.4.3. Fume hoods for volatile radioactive materials 
3.1.4.4. Emergency ventilation shutdown capability
3.1.5	 Safety features include:
3.1.5.1. Interlocks on X-ray equipment enclosures 
3.1.5.2. Warning lights and audible alarms 
3.1.5.3. Emergency stop buttons at strategic locations 
3.1.5.4. Radiation monitors with alarm capabilities
3.1.6 	Storage facilities incorporate:
3.1.6.1. Shielded, locked containers or rooms 
3.1.6.2. Fire-resistant construction 
3.1.3.3. Environmental controls where required 
3.1.6.4. Security measures preventing unauthorized access
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4.1 	The licensee/facility should ensure that:
4.1.1	 Radiation Protection and Safety Programme establishes:
4.1.1.1. Appointment of qualified Radiation Protection Officer 
4.1.1.2. Formation of Radiation Safety Committee for larger institutions 
4.1.1.3. Written local rules and safe work procedures 
4.1.1.4. Integration with institutional safety management
4.1.2 	Personnel monitoring includes:
4.1.2.1. Individual dosimetry for controlled area workers 
4.1.2.2. Appropriate dosimeter types for radiation present 
4.1.2.3. Bioassay programmes for unsealed source users 
4.1.2.4. Investigation levels: 0.5 mSv/month
4.1.3 	Workplace monitoring comprises:
4.1.3.1. Area dose rate surveys at specified frequencies 
4.1.3.2. Contamination monitoring for unsealed source areas 
4.1.3.3. Airborne radioactivity assessment where applicable 
4.1.3.4. Instrument calibration at required intervals
4.1.4	 Administrative controls require:
4.1.4.1. Authorisation before commencing radiation work 
4.1.4.2. Appropriate authorisation for non-routine operations 
4.1.4.3. Supervision requirements based on risk 
4.1.4.4. Time limitation for high-exposure tasks
4.1.5	 Appropriate personal protective equipment for the type of radiation sources at the facility are available.
4.1.6	 Health surveillance provides:
4.1.6.1. Pre-employment medical assessment 
4.1.6.2. Periodic examinations based on exposure 
4.1.6.3. Special monitoring after incidents 
4.1.6.4. Pregnancy declaration procedures
4.1.6.5. Work adaptation policy for pregnant workers 
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5.1 	The Licensee/facility should ensure that:
5.1.1	 Age-based restrictions and protection apply to students under 16 years which include:
5.1.1.1. Dose limits apply (1 mSv/year) 
5.1.1.2. Written parental consent required
5.1.2 	Students aged 16-18 years:
5.1.2.1. Dose limit of 6 mSv/year applies
5.1.2.2. Direct supervision for all source handling 
5.1.2.3. Competence assessment before independent work 
5.1.2.4. Enhanced training on radiation risks
5.1.3	 The following applies to students over 18 years:
5.1.3.1 Classified as radiation workers if regularly exposed 
5.1.3.2 Undergoes full radiation safety training 
5.1.3.3 Individual monitoring where appropriate 
5.1.3.4 Research project safety assessments mandatory
5.1.4 	Supervision requirements include:
5.1.4.1. Qualified instructors with radiation safety training 
5.1.4.2. Maximum student-to-supervisor ratios established 
5.1.4.3. Line-of-sight supervision for practical work 
5.1.5 	Special considerations address:
5.1.5.1. Pregnant students excluded from source handling 
5.1.5.3. Visiting researchers require safety orientation 
5.1.5.4. Work experience students follow age-based limits
5.1.6	 Practical work controls ensure:
5.1.6.1. Written protocols for all experiments 
5.1.6.2. Pre-lab safety briefings mandatory
6.1.6.3. Contamination control measures implemented 
5.1.6.4. Post-lab monitoring and decontamination
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6.1 	The Licensee/Facility should ensure that:
6.1.1 	Public dose limits of ≤1mSv/year is maintained: 
6.1.1.1. Safety assessment considers all sources and practices 
6.1.1.2. Special consideration for adjacent rooms
6.1.2	 Access control measures include:
6.1.2.1. Locked doors to radiation laboratories and rooms
6.1.2.2. Card access systems where appropriate 
6.1.2.3. Visitor registration and escort requirements 
6.1.2.4. Clear signage in appropriate languages
6.1.3 	Environmental protection requires:
6.1.3.1. No discharge of radioactive materials to environment 
6.1.3.2. Decay storage for short-lived materials 
6.1.3.3. Licensed disposal for long-lived waste 
6.1.3.4. Monitoring of ventilation discharge points
6.1.4	 Waste management incorporates:
6.1.4.1. Segregation by radionuclide and half-life 
6.1.4.2. Appropriate shielding of waste containers 
6.1.4.3. Secure interim storage facilities 
6.1.4.4. Documentation and record keeping of all disposals
6.1.5	 Security measures provide:
6.1.5.1. Source inventory control systems 
6.1.5.2. Regular physical verification 
6.1.5.3. Intrusion detection for high-risk sources 
6.1.5.4. Immediate reporting of loss or theft
6.1.6 	Transport controls ensure:
6.1.6.1. Compliance with transport regulations 
6.1.6.2. Appropriate packaging and labeling 
6.1.6.3. Trained personnel for source transfers 
6.1.6.4. Documentation and tracking systems
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7.1 	The Licensee/facility should ensure that:
7.1.1	Incidents are documented, investigated and reported which include:
7.1.1.1. Source loss, theft, or unauthorised access 
7,1,1,2. Contamination outside designated areas 
7.1.1.3. Exposure exceeding investigation levels 
7.1.1.4. Equipment malfunction affecting safety 
7.1.1.5. Fire or flood affecting radiation areas
 7.1.1.6. Any unplanned exposure of students/researchers or workers
[bookmark: _Hlk202366596]7.1.2	 Immediate and appropriate response is conducted:
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8.1 	The Licensee/Facility should ensure that:
8.1.1 	All staff and students undergo radiation safety training and the training should cover but not limited to:
8.1.1.1. Basic radiation physics and health effects 
8.1.1.2. Specific hazards of sources used 
8.1.1.3. Emergency procedures 
8.1.1.4. Practical demonstrations and assessment 
8.1.2 	Student training incorporates:
8.1.2.1. Laboratory safety trainings 
8.1.2.2. Age-appropriate radiation fundamentals
8.1.2.3. Specific procedure training before use 
8.1.2.4. Emergency response responsibilities
8.1.3	 Specialised training for:
8.1.3.1. Radiation Protection Officers 
8.1.3.2. Authorised users
8.1.3.3. Waste management procedures 
8.1.3.4. Transporters of radioactive sources
8.1.4 	Continuing education requires:
8.1.4.1. Annual refresher training 
8.1.4.2. Updates on regulatory changes 
8.1.4.3. New hazard information 
8.1.4.4. Incident lessons learned
8.1.5	 Training documentation includes:
8.1.5.1. Individual training records with dates 
8.1.5.2. Course content and learning objectives
8.1.5.3. Assessment results and certification 
8.1.5.4. Trainer qualifications e. Attendance verification
8.1.5.5. Competence demonstration records
8.1.6 	Visitor orientation covers:
8.1.6.1. Basic radiation hazards present
8.1.6.2. Meaning of warning signs 
8.1.6.3. Emergency procedures
 8.1.6.4. Escort requirements
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9.1	 The Licensee should ensure:
9.1.1	 Institutional commitment through:
9.1.1.1. Establishment of Radiation Safety programme 
9.1.1.2. Appointment of qualified RPO with authority to stop any unsafe operations 
9.1.1.3. Adequate resources for safety programme 
9.1.1.4. Regular management review of performance
9.1.2 	Compliance is maintained by:
9.1.2.1. Valid licence for all sources and practices 
9.1.2.2. Implementation of all licence conditions 
9.1.2.3. Cooperation with regulatory inspections 
9.1.2.4. Timely renewal and amendment applications
9.1.3	 Radiation Protection and safety programme elements include:
9.1.3.1. Comprehensive radiation safety manual 
9.1.3.2. Regular internal audits 
9.1.3.3. External peer reviews 
9.1.3.4. Continuous improvement processes
9.2 	The RPO is responsible for:
9.2.1 	Daily oversight which includes:
a. Ensuring authorisation of radiation work
b. Supervision of safe practices
c. Exercising “stop-unsafe work” authority 
d. Provision of consultation on safety matters
9.2.2	 Programme management by:
9.2.2.1. Procedure development and updates 
8.2.2.2. Training programme coordination 
9.2.2.3. Dosimetry programme administration
9.2.2.4. Record keeping and incident reporting
9.2.3	 Technical functions which include:
9.2.3.1. Radiation surveys and monitoring 
9.2.3.2. Source inventory management 
9.2.3.3. Waste management oversight 
9.2.3.4. Emergency response coordination
9.3	 Authorised users are responsible for:
9.3.1	 Ensuring safe practices through:
9.3.1.1. Following approved procedures 
9.3.1.2. Supervising students appropriately 
9.3.1.3. Maintaining ALARA principles 
9.3.1.4. Reporting all safety concerns
9.3.1.5. Proper use of personal protective equipment
9.3.2 	Ensuring administrative compliance by:
9.3.2.1. Completing required training 
9.3.2.2. Proper record keeping 
9.3.2.3. Incident reporting
9.3.2.4. Student supervision during work
9.3.2.5. Safety enforcements
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[bookmark: _Toc202372744]APPENDIX I: DOSE LIMITS SUMMARY
1.1 Occupational Exposure (Radiation Workers ≥18 years):
a. Effective dose: 20 mSv/year averaged over 5 years 
b. Lens of eye: 20 mSv/year 
c. Skin: 500 mSv/year 
d. Extremities: 500 mSv/year
1.2 Students and Trainees:
a. Under 16 years: 1 mSv/year (public limit) 
b. Ages 16-18: 6 mSv/year 
c. Lens of eye (16-18): 20 mSv/year 
d. Skin/extremities (16-18): 150 mSv/year
1.3 Members of Public:
a. Effective dose: 1 mSv/year 
b. Lens of eye: 15 mSv/year 
c. Skin: 50 mSv/year
1.4 Pregnant Workers/Students:
Embryo/fetus: 1 mSv for remainder of pregnancy after declaration

[bookmark: _Toc202372745]APPENDIX II: EMERGENCY RESPONSE PROCEDURES
2.1 Contamination Spill Response:
a. Alert others and evacuate area 
b. Prevent spread with absorbent materials 
c. Mark boundaries of contamination 
d. Notify RPO immediately 
e. Decontaminate under supervision 
f. Survey and verify cleanup effectiveness
2.2 Lost or Stolen Source:
a. Immediately verify loss through inventory check 
b. Search likely locations systematically 
c. Notify RPO within 1 hour 
d. Report to RPA within 24 hours 
e. Notify security and local police
 f. Implement enhanced security measures
2.3 Fire in Radiation Area:
a. Activate fire alarm and evacuate 
b. Inform responders of radiation hazard 
c. Prevent water runoff if possible 
d. Account for all sources post-incident 
e. Survey for contamination spread 
f. Restrict access until cleared
2.4 Personal Contamination:
a. Remove contaminated clothing 
b. Survey to identify affected areas 
c. Decontaminate skin with mild soap 
d. Do not abrade skin 
e. Collect contaminated materials 
f. Perform bioassay if internal contamination suspected
[bookmark: _Toc202372746][bookmark: _GoBack]APPENDIX III: INCIDENT REPORTING PORCEDURES
3.1 Immediate response requires:
a. Secure area and prevent further exposure 
b. Provide first aid if needed 
c. Notify RPO within 1 hour 
d. Preserve scene for investigation
3.2 Reporting timelines mandate:
a. Verbal notification to RPA within 24 hours 
b. Written preliminary report within 7 days 
c. Complete investigation report within 30 days 
d. Corrective action verification within 60 days
3.3 Investigation procedures include:
a. Root cause analysis methodology 
b. Dose reconstruction where applicable 
c. Interview all involved persons 
d. Review of procedures and training 
e. Identification of contributing factors 
f. Development of preventive measures
3.4 Documentation requirements specify:
a. Detailed incident chronology 
b. Personnel involved and exposures 
c. Immediate and long-term corrective actions 
d. Effectiveness review schedule 
e. Lessons learned dissemination 
[bookmark: _Toc202372687][bookmark: _Toc202372747]f. Regulatory compliance verification
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