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Abstract 

Background 

The transition from Cesium-137 (137Cs) gamma irradiators to non-isotopic X-ray 

technology is a global security imperative to mitigate the risk of radiological 

terrorism[1][15]. In the African context, this transition faces unique operational 

challenges, including inconsistent electrical power supply, extreme climatic conditions, 

and limited access to specialized technical support[3][6]. The prevention of Transfusion-

Associated Graft-Versus-Host Disease (TA-GvHD) depends critically on the effective and 

uniform irradiation of blood products. Historically, 137Cs irradiators have been the 
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standard due to their operational simplicity and independence from electrical 

infrastructure. However, international security initiatives—including the Global Cesium 

Security Initiative (GCSI)—now advocate for the replacement of high-activity radioactive 

sources with alternative technologies such as X-ray irradiators to reduce security 

vulnerabilities[1][15]. 

Objective 

This study presents a comprehensive Training Needs Assessment (TNA) framework 

designed to facilitate sustainable adoption of X-ray blood irradiators within African blood 

banking facilities and healthcare systems. 

Methods 

A multi-layered TNA approach is proposed, targeting three distinct professional cohorts: 

clinical laboratory operators, biomedical engineers and medical physicists, and radiation 

protection officers with regulatory responsibilities[3][12]. The assessment framework 

evaluates critical gaps across four domains: technical operation, infrastructure 

management, clinical dosimetry, and radiation safety protocols. Data collection 

instruments include quantitative skill-gap surveys, infrastructure audits, and semi-

structured qualitative interviews. 

Results 

Preliminary analysis reveals that while X-ray technology effectively reduces the security 

burden associated with radioactive sources, it simultaneously increases technical 

requirements for stable electrical infrastructure, specialized preventive maintenance 

protocols, and enhanced cooling system management[1][2]. Training curricula must 

transition from "static source management" principles to "dynamic electrical system 

troubleshooting" competencies[2][15]. 

Conclusion 

Successful technology transition requires a fundamental shift from vendor-dependent 

maintenance models to locally sustainable capacity building within African healthcare 

systems[6][12]. This TNA framework serves as a strategic roadmap for ministries of 

health and international development partners to ensure continuous availability of safe, 

appropriately irradiated blood components in low-resource settings. 
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1. Introduction 

1.1 The Technology Transition 



Transitioning from 137Cs gamma irradiators to X-ray technology in African blood banks 

represents a fundamental shift in operational paradigm: from a radioactive isotope-based 

system to an electrical radiation source. While X-rays eliminate security vulnerabilities 

associated with radioactive materials—specifically the risk of repurposing sealed sources 

for radiological dispersal devices—they introduce distinct technical and maintenance 

challenges in low-resource operational environments[1]. 

1.2 Scope of Training Needs Assessment 

A comprehensive Training Needs Assessment for this transition must address four critical 

operational domains: 

• Technical operation: System activation, warm-up protocols, and safety interlocks 

• Maintenance and infrastructure stability: Electrical power quality 

management, preventive maintenance, and cooling systems 

• Clinical dosimetry and biological equivalence: Dose mapping, energy-specific 

verification, and indicator calibration 

• Regulatory and security framework: Licensing transitions, decommissioning 

protocols, and changing legal oversight 

 

2. Literature Review: Security Imperatives and Technical Considerations 

2.1 The Historical Role of Cesium-137 in African Blood Banking 

Historically, African blood banking facilities have relied on 137Cs irradiators as the 

standard technology for preventing TA-GvHD in transfused blood products[1]. This 

choice was driven by several operational advantages: 

• Independence from electrical infrastructure: 137Cs sources require no external 

power, a critical advantage in regions with unreliable grid systems 

• Mechanical simplicity: Minimal moving parts and software components reduce 

maintenance complexity 

• Predictable dose output: Radioactive decay follows known kinetics, enabling 

straightforward dose rate calculations 

However, 137Cs presents significant security vulnerabilities. The isotope exists as Cesium 

Chloride (CsCl), a highly soluble powder with exceptional dispersibility[1]. If the source 

capsule is breached due to accident or deliberate action, the material poses severe risk for 

weaponization in radiological dispersal devices (RDDs or "dirty bombs")[1][3][15]. 

The International Atomic Energy Agency (IAEA) classifies blood irradiators as Category 

1 or 2 sources, signifying their capacity to cause permanent injury or death if mishandled 

or diverted[2][3]. In regions where regulatory infrastructure remains developing, these 

high-activity sources carry elevated risk of becoming "orphan sources"—radioactive 

materials that escape regulatory control through loss, theft, or abandonment[3]. 



2.2 Security and Sustainability Benefits of X-ray Technology 

The transition to X-ray technology represents movement from an "Always-On Isotopic 

Hazard" to an "Intermittent Electrical Source" model[1]: 

Elimination of Theft and Diversion Risk 

Unlike radioactive capsules embedded with 137Cs, X-ray tubes cannot be repurposed for 

radiological dispersal devices, fundamentally eliminating one category of security 

threat[1][3]. 

Reduced Regulatory Burden 

Transitioning from isotopic to X-ray technology enables substantial reduction in: 

• Armed security personnel and surveillance systems 

• Specialized background investigations for facility staff 

• Increased regulatory controls mandated for Category 1 and 2 radionuclides 

• International documentation and reporting requirements 

Elimination of End-of-Life Waste Concerns 

X-ray systems avoid the substantial costs and logistical complexity associated with 

international repatriation of radioactive sources or specialized radioactive waste disposal 

at equipment end-of-life[2][5]. 

2.3 Technical and Operational Challenges in African Contexts 

Despite compelling security advantages, transition to X-ray technology introduces 

significant operational and technical vulnerabilities specific to African healthcare 

environments: 

Power Quality and Electrical Infrastructure 

X-ray irradiators demonstrate exceptional sensitivity to voltage fluctuations and power 

quality disturbances common in African electrical grids[3][14]. Uncontrolled voltage 

surges and sustained over-voltage conditions can rapidly damage high-voltage 

components, leading to prolonged equipment downtime. Facilities require robust 

Uninterruptible Power Supplies (UPS) systems with voltage regulation capacity and 

potentially advanced power conditioning equipment[3][14]. 

Shortage of Qualified Technical Personnel 

Many African nations experience critical deficiency in qualified medical physicists and 

biomedical engineers with competency in complex electrical systems and X-ray tube 

physics[5][13]. This shortage creates dependency on external vendor support and extends 

equipment downtime during maintenance events. 

Thermal Management in Tropical Climates 



X-ray tubes generate substantial thermal load (up to 16 kW per source documents 

indicate) during extended operation. Tropical and subtropical climates in Africa present 

elevated ambient temperatures that compromise the effectiveness of cooling systems. 

Specialized training is required for monitoring water-cooling systems, managing ambient 

room temperatures, and preventing thermal-related equipment failures[1][13]. 

 

3. Methodology 

3.1 Study Design and Population 

This Training Needs Assessment employs a mixed-methods, multi-layered approach to 

ensure comprehensive identification of technical, clinical, and regulatory gaps across 

diverse African healthcare settings. The assessment utilizes a cross-sectional design 

targeting three primary professional cohorts within sentinel blood banking facilities: 

1. Clinical Laboratory Operators: Technicians, nurses, and laboratory personnel 

responsible for daily blood irradiation procedures and quality verification 

2. Biomedical Engineers and Medical Physicists: Technical staff responsible for 

equipment maintenance, preventive calibration, power infrastructure management, 

and troubleshooting 

3. Radiation Protection Officers (RPOs) and Healthcare Administrators: 

Personnel overseeing regulatory licensing, security protocols, decommissioning 

procedures, and facility compliance 

3.2 Data Collection Framework 

The TNA is structured around three complementary assessment instruments designed to 

capture the unique technological and operational challenges of African healthcare 

environments: 

Quantitative Skill-Gap Survey 

A structured questionnaire measuring self-reported competency across critical domains 

including: 

• X-ray physics and thermionic emission principles 

• Dose mapping and clinical dosimetry procedures 

• Electrical troubleshooting and system diagnostics 

• Preventive maintenance protocols and failure prevention 

• Regulatory compliance and licensing transitions 

Infrastructure and Readiness Audit 

A standardized physical inspection checklist evaluating: 



• Electrical grid stability and power quality parameters 

• UPS capacity and voltage stabilization functionality 

• Heating, Ventilation, and Air-Conditioning (HVAC) capability and environmental 

control 

• Cooling system integration and thermal management infrastructure 

• Safety interlock systems and emergency shutdown mechanisms 

Semi-Structured Qualitative Interviews 

In-depth discussions with hospital management, regulatory authorities, and clinical 

leadership regarding: 

• Facility readiness for technology transition 

• Perceived barriers to sustainable implementation 

• Regulatory transition requirements and timelines 

• Institutional capacity for local maintenance and technical support 

3.3 The "Three-Tier" Competency Model 

The assessment framework evaluates training and competency requirements across three 

hierarchical tiers of proficiency necessary for sustainable technology transition: 

Tier Target Personnel Competency Focus 

I: 

Operational 

Clinical operators, 

technicians 

Daily startup, warm-up, safety interlocks, 

canister loading 

II: Technical 
Biomedical 

engineers, physicists 

Preventive maintenance, power systems, 

cooling management, diagnostics 

III: 

Strategic 

RPOs, administrators, 

managers 

Dosimetry QA, regulatory compliance, 

security decommissioning, sustainability 

 

Table 1: Three-Tier Competency Model for X-ray Irradiator Implementation 

3.4 Data Analysis Framework 

The resulting TNA data will be analyzed using a weighted gap analysis methodology. 

This approach prioritizes training module development for competency areas where both: 

• Criticality of Task: High operational importance for patient safety and equipment 

integrity, AND 

• Current Competency: Low baseline proficiency among target personnel 



This prioritization strategy targets critical competency gaps in high-voltage management, 

electrical system troubleshooting, and X-ray specific clinical dosimetry—domains where 

inadequate training creates highest risk for patient safety and equipment damage. 

 

4. Technical and Operational Competency Requirements 

4.1 Shift in Operational Paradigm 

The fundamental transition involves movement from a radioactive decay model 

(constant, predictable dose rate) to a thermionic emission model (dose dependent on 

multiple electrical parameters)[2][5]. In 137Cs gamma systems, the dose rate remains 

constant and predictable over time. In X-ray systems, the delivered dose depends on 

multiple controllable variables: electron current (mA), accelerating voltage (kVp), and X-

ray beam filtration[1][5]. 

4.2 Training Competencies for Clinical Operators 

Staff historically trained on 137Cs irradiators—which operate continuously with 

mechanical simplicity—must develop new competencies in managing complex electrical 

systems: 

System Activation and Warm-Up Protocols 

Unlike gamma sources that require only mechanical positioning, X-ray tubes require 

specific initialization and "ramp-up" protocols. Extended warm-up periods condition the 

cathode filament and establish stable X-ray output. Deviation from prescribed warm-up 

procedures risks premature tube failure and thermal damage. 

Dose Delivery Optimization 

X-ray machines often accommodate different blood canister geometries compared to 

historical 137Cs equipment. Operators require training on: 

• Proper canister positioning and alignment within the irradiation chamber 

• Identification of potential "cold spots" (underdosed regions) 

• Interpretation of dose mapping data 

• Adjustment of positioning to ensure uniform dose distribution across entire blood 

volume 

Safety Interlock Management 

X-ray cabinets incorporate electromagnetic interlocks, emergency stop circuits, and 

automated safety shutdowns. Operators must understand: 

• Proper door closure and interlock verification procedures 

• Response to equipment alarms and safety shutdowns 



• Emergency procedures for electrical interruption 

4.3 Training Competencies for Biomedical Engineers 

Technical staff require specialized training in domains absent from 137Cs system 

management: 

High-Voltage System Stability 

African electrical grids frequently experience voltage fluctuations, sustained over-voltage 

conditions, and transient power disturbances. Biomedical engineers require training in: 

• Detection of voltage anomalies on facility power supplies 

• Proper configuration, maintenance, and testing of Uninterruptible Power Supplies 

(UPS) 

• Selection and installation of voltage stabilization equipment appropriate to X-ray 

power demands 

• Recognition of voltage-related equipment failure patterns and preventive measures 

Thermal Management and Cooling Systems 

X-ray tubes operate at substantially higher efficiency compared to gamma systems but 

generate significant thermal loads. Engineers must understand: 

• Water-cooling system operation, monitoring, and leak detection 

• Ambient room temperature monitoring and HVAC system requirements 

• Recognition of thermal-related performance degradation 

• Maintenance of heat exchanger efficiency in tropical climates 

Software Diagnostics and Programmable Logic Controller (PLC) Interfaces 

X-ray irradiators incorporate sophisticated Programmable Logic Controllers for safety 

interlocks, dose control, and operational monitoring. Technical staff must be trained to: 

• Interpret digital error codes and diagnostic messages 

• Use system interface software for troubleshooting 

• Communicate with remote manufacturer technical support regarding software 

issues 

• Distinguish between hardware failures and software/configuration errors 

4.4 Clinical Dosimetry and Biological Equivalence 

While both 137Cs and X-ray technologies effectively prevent TA-GvHD, their radiation 

physics differ substantially: 

Energy Spectrum Differences 



• 137Cs gamma rays: Single energy (662 keV), high penetrating power 

• X-rays: Lower energy spectrum (typically 160–320 kVp equivalent), variable 

depth dose due to attenuation 

These differences affect dose uniformity within blood canisters. 

Dose Mapping and Quality Assurance 

Clinical staff and physicists require training in: 

• Performance of three-dimensional dose mapping to identify cold spots 

• Use of radiochromic film, ion chambers, or other energy-specific dosimetry 

methods 

• Understanding of X-ray specific quality assurance indicators calibrated for X-ray 

energy spectra 

• Measurement and documentation of dose uniformity across different canister 

positions 

Clinical Communication and Blood Supply Confidence 

Clinicians and blood bank medical directors require education regarding: 

• Biological equivalence of X-ray and gamma irradiation in preventing TA-GvHD 

• Evidence base supporting regulatory acceptance of X-ray irradiated products 

• Maintenance of clinician confidence in appropriately irradiated blood component 

safety 

 

5. Regulatory Framework and Transition Management 

5.1 Licensing and Regulatory Transition 

The transition from 137Cs to X-ray technology involves substantial changes in regulatory 

oversight and legal compliance frameworks: 

Regulatory Domain Cesium-137 (Gamma) X-Ray Irradiator 

Security 

Requirements 

Armed guards, intrusion 

alarms 

Standard medical facility 

security 

Radiation Hazard 

Profile 
Continuous active hazard 

Hazard present only during 

operation 

Regulatory Authority 
Nuclear Regulatory 

Authority 

Ministry of Health/Radiation 

Safety 



Emergency 

Procedures 

Source recovery, 

contamination 
Electrical system isolation 

End-of-Life 

Management 

International repatriation, 

waste 

Conventional electronics 

recycling 

 

Table 2: Regulatory Transition from Isotopic to X-ray Systems 

5.2 Decommissioning and Orphan Source Prevention 

Facilities transitioning from 137Cs systems must establish documented protocols for secure 

repatriation of radioactive sources. Training for Radiation Protection Officers must 

address: 

• Regulatory requirements for 137Cs source return-to-provider procedures 

• Documentation of source ownership transfer and accountability 

• Prevention of "orphan source" situations where sources escape regulatory control 

• Interaction with national regulatory authorities and international organizations 

(IAEA) if necessary 

• Secure interim storage procedures during transition period 

5.3 Training Requirements for Radiation Protection Officers 

RPOs transitioning facilities from 137Cs to X-ray technology require specialized training: 

Regulatory Compliance and Licensing 

• New application processes with Ministry of Health or relevant X-ray regulatory 

bodies 

• Transition timelines and compliance documentation 

• Facility-specific licensing conditions and requirements 

Area Monitoring and Leakage Radiation 

• Assessment of X-ray leakage radiation around equipment during operation 

• Proper installation and calibration of radiation survey equipment 

• Documentation of area monitoring results 

• Comparison with regulatory exposure limits 

Safety Protocol Development 

• Updated operational procedures reflecting changed hazard profiles 

• Emergency response procedures for electrical versus radiological incidents 



• New staff training and competency verification procedures 

 

6. Survey Instrument: Training Needs Assessment for X-Ray Irradiator Transition 

 

Section A: Technical and Operational Competency Assessment (Clinical Operators) 

Instruction: Rate your level of agreement with each statement (1 = Strongly Disagree, 5 

= Strongly Agree) 

A.1 Fundamental Physics Understanding 

1. I understand the fundamental differences between radioactive decay (continuous 

gamma emission) and thermionic emission (X-ray generation controlled by 

electrical parameters)[1][10]. 

2. I understand how changes in electron current (mA), accelerating voltage (kVp), 

and exposure time affect the delivered X-ray dose[3][11]. 

3. I can explain why X-ray tubes require warm-up periods before clinical use, and 

the consequences of skipping warm-up procedures[3][11]. 

A.2 Operational Competency 

4. I am confident in performing the complete daily warm-up protocol required for X-

ray tube conditioning and system stability[3][11]. 

5. I can identify and properly position blood canisters within the X-ray chamber to 

ensure uniform dose distribution across the entire blood volume[11][15]. 

6. I can use dose mapping protocols and equipment to identify "cold spots" (regions 

of insufficient dose) within irradiated blood canisters[11][15]. 

A.3 System Interface and Safety 

7. I am trained to interpret error codes displayed on the X-ray system's digital 

interface and know when to contact technical support versus attempting local 

troubleshooting[2][12]. 

8. I understand the function and proper testing of safety interlocks, electromagnetic 

door locks, and emergency stop circuits[1][9]. 

9. I am confident in my ability to respond appropriately to system alarms, safety 

shutdowns, and emergency situations[1][9]. 

 

Section B: Infrastructure and Maintenance Assessment (Biomedical 

Engineers/Medical Physicists) 



Instruction: Provide technical specifications or rate readiness for each item. 

B.1 Electrical Power and Stability 

1. Power Supply Specifications: Provide the facility's current electrical supply 

specifications: 

o Voltage range: ______ V 

o Frequency: ______ Hz 

o Capacity: ______ kVA 

o Frequency of voltage fluctuations or outages: ______[14] 

2. Uninterruptible Power Supply (UPS): 

o Does the facility have a double-conversion online UPS? (Yes/No) 

o UPS capacity rating: ______ kVA 

o Is the UPS capacity adequate for the X-ray irradiator and cooling system 

loads? (Yes/No)[14] 

3. Voltage Stabilization: 

o Does the facility employ voltage stabilization or conditioning equipment? 

(Yes/No) 

o If yes, type and capacity: __________ 

B.2 Thermal Management 

4. Ambient Environmental Control: 

o Is the facility ambient room temperature maintained below 25°C? 

(Yes/No) 

o Current average ambient temperature: ______ °C 

o HVAC system capacity: __________[1][13] 

5. X-ray Tube Cooling System: 

o Is water-cooling or forced-air cooling integrated? ______ 

o Can you describe routine cooling system maintenance procedures? 

__________ 

o Frequency of cooling system inspection: __________ 

B.3 Dosimetry and Quality Assurance 

6. Dosimetry Capabilities: Rate your facility's current readiness in each domain (1 

= No capability, 5 = Full proficiency): 

o Energy-specific dosimetry using radiochromic film: ____ 



o Ion chamber dosimetry and measurement: ____ 

o Three-dimensional dose mapping software: ____ 

o Statistical analysis of dose uniformity: ____[11] 

7. Quality Assurance Procedures: Describe your facility's current QA protocols for 

X-ray irradiators: 

o Daily QA checks: __________ 

o Weekly calibration procedures: __________ 

o Monthly dose verification: __________ 

B.4 Safety Systems and Interlocks 

8. Safety Interlock Testing: 

o Are you familiar with proper procedures for testing electromagnetic door 

interlocks? (Yes/No) 

o Can you describe procedures for testing emergency stop ("e-stop") 

circuits? __________ 

o Frequency of safety system testing: __________[1][9] 

 

Section C: Regulatory and Transition Management Assessment (RPOs and 

Administrators) 

Instruction: Select the most appropriate response for each item. 

C.1 Regulatory Status and Licensing 

1. Current Licensing Status: 

o The facility currently operates under: (a) Nuclear Regulatory Authority 

isotope license; (b) Ministry of Health X-ray license; (c) Transitioning 

between authorities; (d) Uncertain 

o If transitioning, estimated timeline for complete licensing transfer: 

______[5][6] 

2. Regulatory Authority Engagement: 

o Has the facility initiated formal communication with the Ministry of 

Health X-ray regulatory department? (Yes/No) 

o Have initial licensing requirements been provided? (Yes/No) 

o Status of new facility license application: __________ 

C.2 Decommissioning Planning 

3. Cesium-137 Source Management: 



o Is there a documented plan for secure repatriation or long-term storage of 

the 137Cs source? (Yes/No) 

o Has contact been established with the manufacturer or authorized 

repatriation service? (Yes/No) 

o Estimated timeline for source removal: ______[6][15] 

4. Documentation and Accountability: 

o Are all source-related documentation, transfer certificates, and 

accountability records current? (Yes/No) 

o Has the facility maintained complete source history documentation? 

(Yes/No) 

C.3 Security Transition 

5. Increased Controls Assessment: 

o Currently, facility employs: (a) Armed guards; (b) Electronic surveillance; 

(c) Controlled access systems; (d) Other: ______ 

o Have these "Increased Controls" been formally reviewed for potential 

reduction post-transition? (Yes/No) 

o Estimated security cost reduction post-transition: ______[4][7] 

6. Staff Background and Credentialing: 

o Are current staff subject to enhanced background investigations? (Yes/No) 

o Will background investigation requirements change with X-ray licensing? 

(Yes/No) 

C.4 Institutional Readiness and Support 

7. Organizational Capacity: 

o Has facility leadership allocated resources for staff training? (Yes/No) 

o Is commitment to local technical capacity building documented? (Yes/No) 

o Has the facility identified potential barriers to successful transition? 

(Yes/No) 

8. International Partnership and Support: 

o Is the facility engaged with international organizations (IAEA, WINS, 

bilateral donors)? (Yes/No) 

o Are there formal agreements for technical assistance during transition? 

(Yes/No) 

o What international support mechanisms are available? __________ 

 



7. Comprehensive Training Competency Framework 

7.1 Level 1: Clinical Operators (Nurses, Technicians, Laboratory Staff) 

Primary Focus: Daily operational competency, patient safety, equipment protection 

Learning Outcomes 

Upon completion of Level 1 training, operators will be able to: 

• Perform complete daily startup and shutdown procedures following manufacturer 

protocols 

• Load blood canisters properly and verify correct positioning within the irradiation 

chamber 

• Monitor X-ray system displays and interpret error messages 

• Respond appropriately to system alarms and safety shutdowns 

• Document irradiation procedures and quality assurance checks 

• Identify when equipment malfunction requires technical support intervention 

• Maintain basic system cleanliness and perform routine daily inspections 

Training Content Modules 

• Module 1.1: X-ray Physics for Blood Irradiators (3 hours) 

• Module 1.2: Equipment Controls and Daily Operation (4 hours) 

• Module 1.3: Safety Interlocks and Emergency Procedures (2 hours) 

• Module 1.4: Quality Assurance and Dose Verification (4 hours) 

• Module 1.5: Clinical Applications and Transfusion Medicine Context (3 hours) 

• Practical Training: Hands-on system operation (16 hours minimum) 

Assessment Methods 

• Written examination (50%) 

• Observed Structured Clinical Examination (OSCE-style practical demonstration) 

(50%) 

7.2 Level 2: Biomedical Engineers and Medical Physicists 

Primary Focus: Preventive maintenance, system diagnostics, technical troubleshooting 

Learning Outcomes 

Upon completion of Level 2 training, technical staff will be able to: 

• Understand X-ray tube physics and thermionic emission principles 



• Assess electrical power quality and identify voltage anomalies 

• Properly configure and maintain Uninterruptible Power Supply systems 

• Monitor and troubleshoot cooling system performance 

• Perform preventive maintenance procedures and component inspection 

• Interpret system error codes and diagnostic data 

• Conduct routine calibration and quality assurance testing 

• Perform three-dimensional dose mapping and dosimetric verification 

• Communicate effectively with manufacturer technical support 

Training Content Modules 

• Module 2.1: X-ray Tube Physics and Engineering Principles (6 hours) 

• Module 2.2: High-Voltage Power Systems and Stability (6 hours) 

• Module 2.3: Thermal Management and Cooling Systems (4 hours) 

• Module 2.4: Programmable Logic Controllers and Software Diagnostics (4 hours) 

• Module 2.5: Clinical Dosimetry and Quality Assurance (6 hours) 

• Module 2.6: Preventive Maintenance Protocols (4 hours) 

• Practical Training: Hands-on maintenance and troubleshooting (40 hours 

minimum) 

Assessment Methods 

• Technical knowledge examination (40%) 

• Laboratory-based problem-solving (30%) 

• Practical skill demonstration (30%) 

7.3 Level 3: Radiation Protection Officers and Healthcare Administrators 

Primary Focus: Regulatory compliance, safety governance, strategic planning 

Learning Outcomes 

Upon completion of Level 3 training, RPOs and administrators will be able to: 

• Understand regulatory transition requirements and timelines 

• Manage licensing transitions from nuclear to health authority oversight 

• Develop and implement decommissioning plans for radioactive sources 

• Establish area monitoring and leakage radiation assessment procedures 

• Develop emergency response protocols for X-ray system malfunctions 

• Ensure staff competency verification and ongoing training 



• Plan and implement security measure transitions 

• Communicate effectively with regulatory authorities and international 

organizations 

• Develop sustainability plans for long-term local technical support 

Training Content Modules 

• Module 3.1: Radiological Security and Regulatory Frameworks (4 hours) 

• Module 3.2: Licensing Transition and Compliance Documentation (4 hours) 

• Module 3.3: Decommissioning Procedures and Orphan Source Prevention (3 

hours) 

• Module 3.4: Area Monitoring and Leakage Radiation Assessment (3 hours) 

• Module 3.5: Emergency Response Planning and Staff Training (3 hours) 

• Module 3.6: Sustainability Planning and Local Capacity Building (3 hours) 

Assessment Methods 

• Regulatory compliance audit (50%) 

• Development of facility-specific transition plan (50%) 

 

8. Infrastructure Requirements for Sustainable Implementation 

8.1 Electrical Power Infrastructure 

X-ray irradiators require robust electrical infrastructure substantially different from that 

supporting 137Cs systems: 

Uninterruptible Power Supply Requirements 

• Capacity: Minimum 5 kVA for X-ray tube and integrated cooling systems; many 

installations require 10–15 kVA 

• Type: Double-conversion online UPS (not standby configuration) 

• Battery retention time: Minimum 15 minutes at full operational load 

• Maintenance: Quarterly testing and battery replacement per manufacturer 

specifications 

Voltage Stabilization 

• Where grid voltage fluctuations exceed ±10%, installation of active voltage 

stabilization equipment 

• Regular testing to verify stabilization equipment performance 

• Bypass procedures during maintenance (with temporary X-ray shutdown) 



8.2 Thermal Management Infrastructure 

Heating, Ventilation, and Air-Conditioning 

• Ambient room temperature maintenance: Below 25°C during normal 

operational periods (below 20°C preferred) 

• Cooling capacity: Adequate for continuous operation without temperature 

excursion 

• Humidity control: 30–60% relative humidity (prevents electrostatic discharge 

and supports electronic system function) 

• Backup cooling: Consideration of redundant systems in facilities where cooling 

failure would disrupt blood banking operations 

X-ray Tube Cooling Systems 

• Water-cooling systems: Monthly inspection for leaks; annual heat exchanger 

inspection and cleaning 

• Forced-air cooling: Filter replacement every 3–6 months; verification of fan 

operation 

8.3 Safety and Structural Infrastructure 

Radiation Safety Infrastructure 

• Electromagnetic door interlocks and emergency stop circuits properly installed 

and tested monthly 

• Interlock bypass systems (if present) restricted to authorized maintenance 

personnel 

• Auditable access logs for maintenance mode operation 

Work Environment 

• Adequate workspace for equipment maintenance and troubleshooting 

• Secure storage for spare parts and diagnostic equipment 

• Temperature-controlled storage for radiochromic film and dosimetry materials 

• Reference documentation (manuals, service records, regulatory correspondence) 

properly organized and retained 

 

9. Implementation Timeline and Phased Approach 

A successful transition from 137Cs to X-ray technology requires phased implementation: 

Phase 1: Assessment and Planning (Months 1–3) 



• Facility readiness assessment using infrastructure audit tools 

• Identification of key staff members for training programs 

• Communication with regulatory authorities 

• Engagement of international partners and technical support providers 

Phase 2: Infrastructure Preparation (Months 2–6) 

• Electrical power system assessment and potential UPS installation 

• HVAC system evaluation and upgrade if necessary 

• Decommissioning plan development for 137Cs source 

• Identification of training providers and development of facility-specific 

curriculum 

Phase 3: Staff Training and Competency Development (Months 4–9) 

• Tier 1 training for clinical operators (4–6 weeks) 

• Tier 2 training for biomedical engineers (8–12 weeks) 

• Tier 3 training for RPOs and administrators (6–8 weeks) 

• Competency verification and certification procedures 

Phase 4: Equipment Installation and Commissioning (Months 8–12) 

• X-ray irradiator installation and manufacturer commissioning 

• Local operator and engineer training on specific equipment 

• Initial quality assurance and dose verification 

• Regulatory inspection and licensing approval 

Phase 5: Decommissioning and Source Transition (Months 10–14) 

• 137Cs source removal and secure repatriation 

• Documentation of ownership transfer and accountability transfer 

• Final regulatory inspections and licensing updates 

• Transition from dual-system operation to X-ray only 

Phase 6: Post-Implementation Sustainability (Months 12+) 

• Ongoing staff training and competency maintenance 

• Establishment of local technical support capacity 

• Preventive maintenance program implementation and documentation 

• Annual regulatory compliance audits 



 

10. Challenges, Mitigation Strategies, and Success Factors 

10.1 Common Implementation Challenges 

Challenge 1: Electrical Infrastructure Inadequacy 

Issue: Insufficient UPS capacity, voltage instability, or power outages 

Mitigation: 

• Comprehensive power system assessment before equipment procurement 

• Properly sized UPS systems with maintenance contracts 

• Voltage stabilization equipment with automatic bypass during maintenance 

• Backup power generation (diesel or solar) for critical healthcare facilities 

Challenge 2: Limited Technical Expertise 

Issue: Shortage of qualified biomedical engineers and medical physicists 

Mitigation: 

• Identification and recruitment of qualified technical personnel early in transition 

• Engagement with international organizations (IAEA, NTI, WINS) for technical 

capacity building 

• Development of twinning agreements with facilities in other regions 

• Establishment of remote technical support agreements with manufacturers 

Challenge 3: Training Resource Limitations 

Issue: Limited availability of specialized training providers in African context 

Mitigation: 

• Development of standardized training curricula adaptable to local contexts 

• Training-of-trainers programs establishing local expertise 

• Hybrid online/on-site training delivery models 

• Collaboration with regional universities and professional organizations 

Challenge 4: Cost and Financial Sustainability 

Issue: Equipment acquisition costs, infrastructure improvements, and ongoing 

maintenance 

Mitigation: 



• Phased implementation allowing gradual financial commitment 

• International donor support through development agencies (USAID, Global Fund, 

bilateral partnerships) 

• Operational cost reduction through security measure elimination 

• Life-cycle cost analysis demonstrating long-term financial benefits 

10.2 Success Factors for Sustainable Implementation 

1. High-level institutional commitment: Strong support from health ministry and 

facility leadership essential 

2. Adequate financial planning: Realistic budget for infrastructure, equipment, 

training, and ongoing maintenance 

3. Staff engagement: Early involvement of clinical and technical staff in transition 

planning 

4. International partnership: Engagement with international organizations 

providing technical support and capacity building 

5. Regulatory clarity: Clear communication with authorities regarding licensing 

requirements and timelines 

6. Quality assurance integration: Robust QA program ensuring safe, effective 

clinical implementation 

7. Documentation and transparency: Comprehensive record-keeping supporting 

regulatory compliance and accountability 

8. Sustainability planning: Development of local technical capacity for long-term 

equipment operation and maintenance 

9. Continuous improvement: Post-implementation monitoring and adaptation based 

on operational experience 

 

11. Recommendations for Ministries of Health and International Partners 

11.1 For National Health Authorities 

1. Regulatory Framework Development: Establish clear, evidence-based 

regulatory standards for X-ray blood irradiator licensing, safety standards, and 

quality assurance requirements 

2. Capacity Building Investment: Allocate resources for training infrastructure and 

technical personnel development across national blood banking systems 

3. Decommissioning Planning: Develop national policies and resources for safe 
137Cs source management during transition period 



4. International Coordination: Establish formal mechanisms for cooperation with 

IAEA, bilateral donors, and international security initiatives 

11.2 For International Development Partners 

1. Technical Assistance: Provide targeted technical support for infrastructure 

assessment and capacity building 

2. Training Program Support: Fund development and delivery of standardized 

training curricula adapted to African contexts 

3. Equipment Support: Consider financing mechanisms (grants, concessional 

loans) to facilitate equipment acquisition 

4. Institutional Twinning: Establish partnerships between African facilities and 

experienced centers in other regions 

5. Monitoring and Evaluation: Support evaluation of implementation outcomes 

and documentation of lessons learned 

11.3 For Blood Banking Professional Organizations 

1. Standards Development: Establish professional standards for X-ray irradiator 

implementation and operation 

2. Knowledge Sharing: Facilitate information exchange and best practices among 

African blood banking facilities 

3. Professional Development: Promote continuing education and competency 

maintenance among clinical and technical staff 

4. Research Support: Fund outcomes research documenting clinical safety and 

effectiveness of X-ray versus gamma irradiation 

 

12. Conclusion 

The transition from Cesium-137 to X-ray technology in African blood banks represents a 

strategic security priority that simultaneously creates substantial technical and operational 

challenges in low-resource healthcare settings. This comprehensive Training Needs 

Assessment framework provides the evidence-based foundation for successful, 

sustainable implementation. 

Key conclusions include: 

• Security imperative: Transition from Category 1/2 radioactive sources 

fundamentally improves radiological security posture and reduces orphan source 

risk 



• Technical complexity: X-ray technology introduces operational requirements 

substantially different from historical gamma systems, necessitating 

comprehensive staff training 

• Infrastructure criticality: Robust electrical power systems and thermal 

management infrastructure are prerequisite for reliable equipment operation 

• Multi-level approach: Successful transition requires targeted training for clinical 

operators, biomedical engineers, and regulatory/administrative personnel 

• Sustainability requirement: Long-term success depends on development of local 

technical capacity and commitment to preventive maintenance 

• International support value: Engagement with international organizations and 

bilateral partners significantly enhances implementation success rates 

Successful implementation of this TNA framework will enable African blood banking 

facilities to achieve security objectives while maintaining safe, effective blood irradiation 

capability. The resulting enhanced radiation security posture, elimination of radioactive 

waste management requirements, and reduced regulatory burden represent substantial 

long-term benefits for African healthcare systems and the global nuclear security 

community. 
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