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Professional Certificate in Nuclear Medicine Management

Radiation Safety and Compliance

Radiation safety and compliance in nuclear medicine management require a thorough understanding of a
wide range of technical terms, regulatory concepts, and practical procedures. Mastery of this vocabulary
enables professionals to design, implement, and evaluate safety programs that protect patients, staff, and
the public while ensuring that diagnostic and therapeutic procedures meet legal and ethical standards. The
following explanation details the most important terms and concepts, organized in a logical sequence that
mirrors the workflow of a nuclear medicine department. Each entry includes a definition, context, practical
application, and common challenges that may arise during implementation.

lonising radiation refers to electromagnetic waves or particles that carry enough energy to remove tightly
bound electrons from atoms, creating ions. This property is the basis for both diagnostic imaging and
therapeutic treatments in nuclear medicine. The two primary forms used clinically are gamma photons
emitted by radionuclides and X-rays generated by external beam equipment. Understanding the nature of
ionising radiation is essential because the biological effects are directly related to the energy transferred to
tissues.

Non-ionising radiation includes electromagnetic waves such as ultraviolet, visible light, infrared, and
radiofrequency that do not have sufficient energy to ionise atoms. While non-ionising radiation is generally
considered less hazardous, certain applications (e.g., high-intensity lasers) still require safety controls.
Distinguishing between ionising and non-ionising sources helps allocate appropriate protective measures.

Radionuclide is an unstable isotope that decays spontaneously, emitting radiation that can be detected
externally. In nuclear medicine, radionuclides are selected for their decay characteristics, half-life, and
biological behaviour. For example, technetium-99m (299mTc) is widely used for imaging because it emits a
140 keV gamma photon and has a half-life of approximately six hours, providing sufficient imaging time
while limiting patient dose. Knowledge of the specific radionuclide properties guides dosage calculations,
waste handling, and scheduling.

Half-life describes the time required for half of the atoms in a radioactive sample to decay. It is a
fundamental parameter that influences inventory management, patient scheduling, and waste disposal.
Short half-life radionuclides, such as fluorine-18 (*18F) with a half-life of 110 minutes, require rapid
synthesis, transport, and imaging to avoid activity loss. Conversely, longer half-life isotopes, like iodine-131
(M1311) with a half-life of eight days, pose extended radiation protection challenges, especially for patient
release and waste decay storage.

Effective dose quantifies the risk associated with exposure to ionising radiation, taking into account the type
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of radiation and the sensitivity of the irradiated tissues. It is expressed in sieverts (Sv) and provides a
common metric for comparing different procedures. For instance, a typical myocardial perfusion scan using
A99mTc may result in an effective dose of 7mSv, comparable to the background radiation received over two
years. Understanding effective dose is crucial for patient counseling, justification of procedures, and
optimization of protocols.

Absorbed dose measures the amount of energy deposited per unit mass of tissue, expressed in grays (Gy).
While absorbed dose is a physical quantity, it does not account for biological effectiveness. In nuclear
medicine, absorbed dose calculations are used to estimate the radiation burden to specific organs,
especially for therapeutic radionuclides. For example, the absorbed dose to the thyroid from A131I therapy
can be calculated using the administered activity, uptake fraction, and organ mass.

Equivalent dose adjusts the absorbed dose for the type of radiation using radiation weighting factors,
resulting in a dose expressed in sieverts. This concept bridges the gap between physical measurements and
biological impact. When evaluating occupational exposure, equivalent dose provides a more accurate
assessment of risk than absorbed dose alone.

ALARA principle, an acronym for “As Low As Reasonably Achievable,” is the cornerstone of radiation
protection. It mandates that exposures be minimized by applying all reasonable measures, considering
economic and social factors. In a nuclear medicine setting, ALARA is implemented through protocol
optimization, shielding, time management, and distance control. For example, limiting the time a
technologist spends near a patient receiving high-dose therapy, while maintaining adequate imaging
quality, exemplifies ALARA in practice.

Justification is a regulatory requirement that any use of ionising radiation must provide a net benefit to the
patient or public. In nuclear medicine, justification involves evaluating whether the diagnostic information
obtained justifies the radiation risk. An example is the decision to perform a bone scan for metastatic
disease assessment; the clinician must determine that the potential impact on patient management
outweighs the radiation dose.

Optimization refers to the process of adjusting procedures to achieve the ALARA goal while preserving
diagnostic efficacy. Optimization may involve selecting lower-activity radiopharmaceuticals, using advanced
detector technology, or employing software algorithms that enhance image quality without increasing dose.
Continuous quality improvement programs track optimization outcomes through dose metrics and image
quality assessments.

Regulatory authority denotes the governmental or international body responsible for establishing and
enforcing radiation protection standards. In the United States, the Nuclear Regulatory Commission (NRC)
and the state health departments serve this role; in Europe, the European Atomic Energy Community
(Euratom) provides guidance. Understanding the jurisdiction and scope of each authority is essential for
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compliance, licensing, and reporting.

License is the formal permission granted by a regulatory authority to possess, use, and dispose of
radioactive material. Licenses are typically issued to institutions (e.g., hospitals) and individuals (e.g.,
radiation safety officers). A license outlines the specific radionuclides, activity limits, and operational
conditions. Failure to maintain a valid license can result in enforcement actions, including fines or
suspension of services.

Radiation safety officer (RSO) is the designated professional who oversees the radiation protection program
within an organization. The RSO ensures compliance with regulations, conducts training, performs audits,
and serves as the primary point of contact for regulatory inspections. The role requires a thorough
knowledge of the regulations, practical experience with radiation handling, and the ability to communicate
safety policies effectively.

Controlled area is a location where radiation levels exceed the limits set for unrestricted access. Controlled
areas require posting of warning signs, access restrictions, and designated responsibilities for monitoring. In
a nuclear medicine department, the radiopharmacy and patient waiting rooms after high-dose therapy may
be classified as controlled areas. Proper delineation helps prevent inadvertent exposure of non-authorized
personnel.

Unrestricted area is a space where radiation levels are below the limits for general public access. Most of the
clinical work environment, such as reception areas and offices, fall into this category. However, occasional
monitoring is necessary to confirm that the area remains unrestricted, especially after the release of patients
who have received therapeutic doses.

Radiation monitoring encompasses the use of devices to measure radiation levels in the environment and
on personnel. Common instruments include survey meters (e.g., ion chambers, Geiger-Mdiller tubes),
personal dosimeters (e.g., thermoluminescent dosimeters, electronic personal dosimeters), and
contamination monitors. Regular monitoring verifies that shielding and control measures are effective.

Personal dosimeter is a wearable device that records the dose received by an individual over a defined
period. Dosimeters are typically assigned to staff members who work with or near radioactive material. The
data collected are used to assess compliance with occupational dose limits, identify trends, and implement
corrective actions. For example, a technologist's badge may show an increased dose after a change in
shielding configuration, prompting an investigation.

Survey meter is an instrument used to assess radiation levels in a specific area or on a surface. Survey
meters can detect both gamma and beta radiation, and many models include a probe for contamination
checks. Routine surveys are performed before and after procedures, during equipment maintenance, and
after the release of patients who have undergone therapy.
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Contamination control involves measures to prevent the spread of radioactive material on surfaces,
equipment, and personnel. Practices include the use of disposable gloves, proper waste segregation,
decontamination procedures, and regular wipe testing. A common challenge is maintaining contamination
control in high-throughput environments where rapid patient turnover may compromise meticulous
cleaning.

Decay storage is a designated area where radioactive waste is held until its activity decays to a level that
permits safe disposal. The duration of decay storage depends on the half-life of the radionuclide and
regulatory requirements. For short-lived isotopes, decay storage may last only a few days, whereas
longer-lived waste may require weeks or months of storage.

Release criteria define the conditions under which a patient who has received a therapeutic radionuclide
may be discharged from the facility. Criteria are based on the residual activity, the patient’s ability to comply
with safety instructions, and the potential exposure to the public. For example, the NRC recommends that
patients receiving A 131l for thyroid ablation should have a total body activity below 1 mCi before release,
unless they are instructed to follow specific radiation safety precautions.

Radiopharmaceutical is a compound that combines a radionuclide with a biologically active molecule,
allowing targeted imaging or therapy. The selection of a radiopharmaceutical depends on its
pharmacokinetics, radiation characteristics, and intended clinical application. Common examples include
A99mTc-sestamibi for myocardial perfusion imaging and A90Y-ibritumomab tiuxetan for lymphoma
treatment. Understanding the chemistry and handling requirements of each radiopharmaceutical is vital for
safety.

Activity is a measure of the rate of radioactive decay, expressed in becquerels (Bq) or curies (Ci). Activity is

the fundamental quantity used to prescribe radiopharmaceutical doses. For diagnostic procedures, activity
is typically expressed in megabecquerels (MBq) or millicuries (mCi). Accurate activity measurement ensures
the intended dose is delivered while avoiding unnecessary exposure.

Administered activity refers to the amount of radiopharmaceutical that is actually given to the patient. It
may differ from the prepared activity due to factors such as residual volume in syringes, decay during
preparation, or patient-specific adjustments. Recording the administered activity is essential for dose
tracking, patient safety, and compliance documentation.

Dose calibration is the process of verifying that the activity measured by a dose calibrator is accurate.
Calibration involves using a standard source traceable to a national laboratory and performing regular
checks according to a schedule. Inaccurate calibration can lead to under- or over-dosing, affecting
diagnostic quality and patient safety.

Shielding is the use of materials (e.g., lead, tungsten, concrete) to attenuate radiation and reduce exposure
to workers and the public. In nuclear medicine, shielding is applied to walls, equipment housings, and
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portable barriers. The thickness of shielding is calculated based on the energy of the photons, the desired
reduction factor, and the occupancy factor of the area. Proper shielding design is a key component of
ALARA compliance.

Time, distance, shielding (TDS) is a mnemonic that summarizes the three primary methods of reducing
radiation exposure. Reducing the time spent near a source, increasing the distance from the source, and
employing appropriate shielding each contribute to dose reduction. For example, a technologist can
minimize exposure by using a remote handling tool (time reduction), standing behind a lead shield
(shielding), and positioning themselves at a safe distance from the patient (distance).

Lead glass is a type of transparent shielding material used in viewing windows, control rooms, and
protective barriers. It allows visual observation while attenuating gamma radiation. The lead equivalent
thickness is specified to achieve a particular attenuation factor. Proper installation and maintenance of lead
glass are necessary to preserve its protective properties.

Personal protective equipment (PPE) includes items such as gloves, lab coats, aprons, and eye protection
that reduce direct contact with radioactive material. PPE is selected based on the type of contamination risk
(e.g., beta emitters may require additional shielding). Regular inspection and proper disposal of PPE are part
of a comprehensive contamination control program.

Medical exposure is any use of ionising radiation for diagnosis, treatment, or disease prevention that is
intended to benefit the patient. Medical exposures are governed by specific regulations that differ from
occupational or public exposures. The principle of justification applies directly to medical exposures,
requiring that each procedure be medically necessary.

Occupational exposure refers to radiation doses received by workers as part of their job duties.
Occupational dose limits are established by regulatory bodies and are typically higher than those for the
general public, reflecting the controlled nature of the work environment. In nuclear medicine, occupational
exposure may arise from handling radiopharmaceuticals, operating imaging equipment, or caring for
patients undergoing therapy.

Public exposure is the radiation dose received by members of the general public who are not occupationally
involved with radiation sources. Public dose limits are lower than occupational limits and are designed to
protect the broader community. Public exposure considerations include patient release, transport of
radioactive material, and environmental monitoring.

Dose limits define the maximum permissible exposure for a given category (occupational, public, or
medical). In the United States, the NRC sets an occupational limit of 50 mSv per year, while the public limit is
1mSv per year. These limits are cumulative and must be tracked over the defined period. Exceeding dose
limits triggers investigations and corrective actions.
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Linear energy transfer (LET) describes the amount of energy deposited per unit length as a charged particle
travels through matter. High-LET radiation (e.g., alpha particles) causes dense ionisation tracks and is more
biologically damaging than low-LET radiation (e.g., gamma photons). Although most nuclear medicine
procedures involve low-LET radiation, therapeutic agents such as alpha-emitting radium-223 (*223Ra)
require special consideration of LET when assessing biological effect.

Radiation weighting factor (w_R) is a coefficient used to convert absorbed dose to equivalent dose,
reflecting the relative biological effectiveness of different radiation types. For gamma and X-ray photons,
the weighting factor is 1, while for alpha particles it is 20. The factor is applied in the calculation of
equivalent dose, which then contributes to effective dose.

Organ weighting factor (w_T) reflects the sensitivity of specific tissues to radiation-induced cancer or
hereditary effects. These factors are used in the calculation of effective dose to account for the varying risk
among organs. For example, the thyroid has a higher weighting factor than muscle, indicating a greater
susceptibility to radiation damage. Knowledge of organ weighting factors aids in risk communication and
protocol design.

Radiation protection program is a structured set of policies, procedures, and actions designed to ensure
compliance with regulations and to protect individuals from radiation hazards. The program includes
elements such as training, monitoring, emergency preparedness, waste management, and documentation. A
robust radiation protection program is essential for maintaining licensure and for fostering a culture of
safety.

Training and qualification require that all personnel who handle radioactive material or operate radiation-
producing equipment receive appropriate education. Training topics include radiation physics, regulatory
requirements, emergency procedures, and hands-on handling techniques. Qualification may involve
competency assessments, certification, and ongoing continuing education. Inadequate training is a
common source of compliance failures.

Standard operating procedure (SOP) is a documented set of step-by-step instructions that describe how to
perform a specific task safely and consistently. SOPs cover activities such as radiopharmaceutical
preparation, patient dosing, equipment calibration, and waste segregation. Regular review and updating of
SOPs help incorporate new regulations, technology changes, and lessons learned from incidents.

Incident report is a formal record of an event that deviates from normal operations and may have caused or
could have caused a radiation exposure. Incidents include spills, equipment malfunctions, dose
over-administration, and contamination breaches. Prompt reporting, investigation, and corrective action are
required to prevent recurrence and to satisfy regulatory oversight.

Near miss refers to an event that could have resulted in an undesirable outcome but was averted before
causing harm. Near-miss reporting encourages proactive identification of hazards and fosters a safety
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culture. For example, a technologist noticing a potential contamination pathway and correcting it before the
spill occurs would be documented as a near miss.

Root cause analysis (RCA) is a systematic method used to identify the underlying reasons for an incident or
near miss. RCA techniques may include the “5 Whys,” fishbone diagrams, or fault tree analysis.
Understanding root causes enables the development of effective corrective actions that address systemic
issues rather than merely treating symptoms.

Corrective action is a step taken to eliminate the cause of a non-conformance and prevent its recurrence.
Corrective actions may involve changes to SOPs, additional training, equipment upgrades, or engineering
controls. Documentation of corrective actions, including verification of effectiveness, is a regulatory
requirement.

Preventive maintenance is scheduled servicing of equipment to ensure reliable operation and to reduce the
likelihood of failure. In nuclear medicine, preventive maintenance includes routine checks of gamma
cameras, dose calibrators, and shielding components. A well-maintained system reduces downtime,
improves image quality, and supports compliance with performance standards.

Quality assurance (QA) encompasses activities that monitor and improve the performance of processes and
equipment. QA programs in nuclear medicine involve routine image quality assessments, dose consistency
checks, and compliance audits. QA data are used to adjust protocols, calibrate instruments, and
demonstrate adherence to standards during inspections.

Quality control (QC) refers to the specific tests and measurements performed to verify that equipment and
procedures meet predefined criteria. QC activities may include uniformity tests of gamma cameras, energy
resolution checks, and phantom imaging. Regular QC ensures that diagnostic images are accurate and that
radiation doses remain within acceptable limits.

Diagnostic reference level (DRL) is a benchmark dose value for typical procedures, established to aid in the
identification of unusually high radiation exposures. DRLs are not dose limits but serve as a guide for
optimization. For example, a DRL for a whole-body bone scan may be set at 7mSv. Departments compare
their average doses against DRLs to identify opportunities for dose reduction.

Regulatory inspection is a formal evaluation conducted by a licensing authority to verify compliance with
statutes, regulations, and license conditions. Inspections may be routine, scheduled, or triggered by a
reported incident. Inspectors review documentation, observe practices, and assess radiation monitoring
data. Successful inspections require thorough preparation, accurate records, and responsive
communication.

License amendment is a modification to an existing license that reflects changes such as the addition of new
radionuclides, increased activity limits, or alterations to the facility layout. Amendments must be submitted
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to the regulatory authority for review and approval before implementation. Failure to obtain an amendment
before making changes can result in non-compliance.

Decommissioning is the process of safely shutting down a nuclear medicine facility or a specific radiation
source at the end of its useful life. Decommissioning involves decontamination, removal of radioactive
material, and disposal of waste. A decommissioning plan must be developed, approved by the regulator,
and executed in accordance with applicable standards.

Waste classification separates radioactive waste into categories based on half-life, activity, and disposal
pathway. Common classifications include short-lived low-activity waste (e.g., syringes, vials), long-lived
waste (e.g., sealed sources), and mixed waste (radioactive and chemical). Proper classification ensures that
waste is handled, stored, and disposed of in compliance with regulations.

Radioactive waste management encompasses the entire lifecycle of waste, from generation to final disposal.
Key components include segregation, labeling, containment, decay storage, transport, and disposal at
licensed facilities. An effective waste management program reduces environmental impact and protects
workers from unnecessary exposure.

Transport of radioactive material is governed by international and national regulations, such as the IAEA
Safety Standards and the U.S. Department of Transportation (DOT) rules. Packages must meet criteria for
containment, shielding, and labeling. Documentation, such as the shipping manifest and emergency
instructions, must accompany each shipment. Transport violations can lead to severe penalties and
interruption of supply chains.

Emergency response plan (ERP) outlines the actions to be taken in the event of a radiological incident, such
as a spill, exposure, or fire involving radioactive material. The ERP includes roles and responsibilities,
communication protocols, evacuation routes, decontamination procedures, and post-incident reporting.
Regular drills and training ensure that staff are prepared to implement the ERP effectively.

Spill kit is a collection of tools and materials designed for the immediate containment and cleanup of a
radioactive spill. Typical components include absorbent pads, disposal bags, protective gloves, leak-proof
containers, and instructions. The spill kit must be readily accessible, regularly inspected, and replenished
after each use.

Decontamination involves the removal of radioactive material from surfaces, equipment, or personnel.
Methods include wiping with detergent solutions, using specialized decontamination agents, or employing
ultrasonic baths for instruments. The effectiveness of decontamination is verified through wipe testing and
radiation surveys.

Wipe test is a quantitative method for assessing surface contamination. A filter paper or swab is used to
collect any removable activity, which is then measured with a survey meter or a laboratory counter. Wipe
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tests are performed on work surfaces, equipment handles, and personal protective equipment. Results are
compared to contamination limits defined by the regulator.

Contamination limit is the maximum permissible level of radioactive material on a surface or object,
expressed in activity per unit area (e.g., Bg/cm?). Limits vary depending on the radionuclide and the type of
area (controlled vs. unrestricted). Exceeding contamination limits triggers decontamination procedures and
possible regulatory reporting.

Radiation badge reading is the process of interpreting the data recorded by a personal dosimeter. Readings
are typically expressed as cumulative dose over a monitoring period, such as a month. Comparison of
badge readings against dose limits provides insight into occupational exposure trends and highlights areas
where additional controls may be needed.

Annual dose report is a summary document that compiles individual dose records, incident summaries,
waste inventories, and compliance activities for a calendar year. The report is submitted to the regulatory
authority as part of the license renewal process. Comprehensive reporting demonstrates ongoing
commitment to safety and regulatory adherence.

Radiation safety training record documents the attendance, content, and assessment results of safety
training sessions. Maintaining accurate training records is essential for demonstrating compliance during
audits and for tracking competency over time. Electronic learning management systems can streamline
record-keeping and provide reminders for refresher courses.

Radiation hazard assessment is a systematic evaluation of potential sources of radiation exposure within a
facility. The assessment identifies risks, estimates dose levels, and recommends control measures. Hazard

assessments are conducted during facility design, before introducing new procedures, and periodically as
part of the safety program review.

Facility design incorporates architectural features, shielding calculations, workflow layout, and equipment
placement to minimize radiation exposure. Design considerations include the location of the radiopharmacy
relative to the patient care area, the provision of lead-lined walls, and the creation of separate corridors for
waste transport. Early involvement of a health physicist in design ensures that ALARA principles are
integrated from the outset.

Ventilation system is an engineering control that can reduce airborne contamination from volatilized
radionuclides. Negative pressure rooms and HEPA filtration are commonly employed in radiopharmacy
areas to prevent the spread of radioactive gases. Proper maintenance and testing of ventilation systems are
required to verify performance.

Radiation shielding calculations involve determining the thickness of material needed to attenuate a specific
photon energy to an acceptable level. The calculation uses the linear attenuation coefficient, the desired
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transmission factor, and the source—-detector geometry. Software tools and reference tables assist in
performing accurate shielding assessments.

Lead apron is a flexible piece of protective clothing that provides attenuation for low-energy gamma and
X-ray photons. Lead aprons are typically used in interventional radiology but may also be employed in
nuclear medicine when handling high-activity sources. The apron’s lead equivalence (e.g., 0.5mm lead)
determines its protective effectiveness.

Radiation warning signs are standardized signs that indicate the presence of ionising radiation, the type of
hazard, and required precautions. In the United States, the NRC mandates specific sign designs, such as the
trefoil radiation symbol. Proper signage is essential for informing personnel and the public about controlled
areas.

Radiation safety signage placement follows regulatory guidance that requires signs to be positioned at
entrances to controlled areas, near radiation sources, and on waste containers. Signs must be visible,
legible, and maintained in good condition. Failure to post appropriate signage can result in inadvertent
exposure and regulatory citations.

Radiation incident log is a chronological record of all radiation-related events, including spills, equipment
failures, and exposure incidents. The log includes details such as date, time, location, personnel involved,
root cause, and corrective actions taken. Maintaining a thorough incident log supports continuous
improvement and regulatory compliance.

Medical physicist is a professional with specialized training in the application of physics to medicine, often
responsible for equipment calibration, dosimetry, and quality assurance. In nuclear medicine, the medical
physicist collaborates with the RSO to develop protocols, perform dose calculations, and ensure that
imaging performance meets clinical requirements.

Dosimetry software is a computer program used to calculate patient-specific absorbed doses, often
employing voxel-based models and Monte Carlo simulations. Dosimetry software supports personalized
treatment planning for therapeutic radionuclides, allowing clinicians to balance efficacy and toxicity.
Accurate input data, such as administered activity and biodistribution, are critical for reliable dose estimates.

Monte Carlo simulation is a statistical method that models the transport of radiation particles through
matter by random sampling. Monte Carlo techniques are widely used in nuclear medicine to predict dose
distributions, optimize shielding, and evaluate imaging system performance. The method provides
high-precision results but requires substantial computational resources.

Patient consent is the process of informing patients about the benefits, risks, and alternatives of a nuclear
medicine procedure, and obtaining their voluntary agreement. Consent forms should include information
on radiation dose, potential side effects, and any specific precautions (e.g., breastfeeding restrictions after
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therapy). Proper documentation of consent is both an ethical and regulatory requirement.

Breastfeeding restriction applies to mothers who receive therapeutic radionuclides that may be excreted in
breast milk. Guidelines specify the duration of breastfeeding cessation based on the administered activity
and the radionuclide’s half-life. For example, after A1311 therapy, a minimum interruption of 4-6 weeks may
be recommended to limit infant exposure.

Pregnancy screening is a mandatory practice before administering radiopharmaceuticals that could affect a
developing fetus. Screening involves asking female patients of child-bearing potential about recent
pregnancy or performing a urine hCG test when indicated. If pregnancy is confirmed, the procedure is
typically contraindicated unless the benefit outweighs the risk.

Radiation dose tracking involves recording and monitoring the cumulative radiation exposure a patient
receives from multiple diagnostic and therapeutic procedures. Electronic health records can integrate dose
information, enabling clinicians to assess total exposure and make informed decisions about further
imaging. Cumulative dose tracking supports justification and optimization across the patient's care
continuum.

Radiation safety culture is an organizational mindset that prioritizes safety, encourages open
communication, and promotes continuous learning. A strong safety culture is reflected in proactive hazard
identification, regular training, and empowerment of staff to halt procedures if safety concerns arise.
Cultivating this culture reduces the likelihood of incidents and enhances compliance.

Regulatory compliance audit is an internal or external review that assesses whether an organization meets
all applicable radiation protection regulations. Audits examine documentation, procedures, training records,
and physical controls. Findings are documented, and corrective actions are assigned with target completion
dates. Successful audits demonstrate accountability and readiness for official inspections.

Document control is the systematic management of all safety-related documents, ensuring that current
versions are accessible, obsolete documents are archived, and revisions are tracked. Document control
systems may be paper-based or electronic, but they must provide traceability and prevent the use of
outdated procedures.

Radiation safety committee is a multidisciplinary group that oversees the radiation protection program,
reviews incidents, evaluates new technologies, and provides recommendations to senior management. The
committee typically includes the RSO, medical physicist, senior physicians, nursing staff, and administrators.
Regular meetings and documented minutes support effective governance.

Radioactive source is a sealed or unsealed material that emits ionising radiation at a predictable rate. In
nuclear medicine, sources are often unsealed radionuclides incorporated into radiopharmaceuticals.
However, sealed sources such as #137Cs or A60Co may be used for equipment calibration. Managing
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sources involves inventory control, secure storage, and periodic verification of activity.

Source inventory is a detailed list of all radioactive materials owned or used by a facility, including isotopes,
activities, locations, and expiration dates. The inventory is updated whenever new material is received, used,
or disposed of. Accurate inventory management supports regulatory reporting, waste planning, and
emergency response.

Decay correction adjusts the measured activity of a radionuclide to account for decay that occurs between
preparation and administration. Decay correction ensures that the intended dose is delivered despite the
elapsed time. Formulas for decay correction incorporate the half-life and the time interval, and are often
built into dose calibrator software.

Radiopharmacy is a specialized laboratory where radiopharmaceuticals are prepared, quality-checked, and
dispensed. The radiopharmacy must adhere to Good Manufacturing Practice (GMP) standards, maintain
aseptic techniques, and implement rigorous contamination controls. Personnel must be trained in both
radiological safety and pharmaceutical compounding.

Good Manufacturing Practice (GMP) is a regulatory framework that ensures products are consistently
produced and controlled according to quality standards. In nuclear medicine, GMP applies to the
preparation of radiopharmaceuticals, requiring documentation of each step, validation of processes, and
routine testing for purity and sterility.

Quality control testing for radiopharmaceuticals includes checks for radiochemical purity, sterility,
pyrogenicity, pH, and radionuclide identity. These tests are performed before release to patients and are
documented in batch records. Failure to meet QC specifications results in the disposal of the product and
investigation into the cause.

Batch record is a comprehensive log that captures all details of a radiopharmaceutical preparation,
including reagents, equipment, personnel, times, and test results. Batch records serve as evidence of
compliance with GMP and are retained for a period specified by the regulator. Auditors review batch
records to verify traceability and quality.

Radioactive waste log tracks the generation, storage, decay, and disposal of all radioactive waste. The log
records waste type, activity, container ID, storage location, and dates of movement. Maintaining an accurate
waste log is essential for meeting disposal contracts and for regulatory reporting.

Radiation exposure pathway describes the route by which radiation can affect individuals, encompassing
source, medium, and receptor. In nuclear medicine, pathways include external exposure from patients,
internal exposure from inhalation or ingestion of radionuclides, and contamination of surfaces leading to
skin dose. Mapping pathways helps target control measures.
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Internal contamination occurs when radioactive material enters the body, typically through inhalation,
ingestion, or absorption through wounds. Internal contamination can lead to dose to specific organs,
depending on the radionuclide’s biological distribution. Monitoring for internal contamination may involve
bioassay methods such as urine analysis.

Bioassay is a laboratory technique used to assess the presence and quantity of radionuclides in biological
samples, such as urine or feces. Bioassay results are used to estimate internal dose and to guide medical
intervention if needed. Regular bioassay programs are required for workers handling high-activity or volatile
radionuclides.

Medical surveillance is a health monitoring program for employees who may be exposed to radiation,
designed to detect early signs of radiation-related effects. Surveillance may include periodic physical
examinations, blood tests, and vision checks. The program must be documented and aligned with
occupational health regulations.

Radiation incident investigation follows a structured approach to determine the sequence of events, identify
contributing factors, and develop corrective actions. The investigation typically involves collecting witness
statements, reviewing instrument readings, and analyzing procedural compliance. Findings are compiled
into a report that is shared with management and regulators.

Emergency exposure refers to a situation where an individual receives a dose that exceeds normal
occupational limits due to an unexpected event, such as a spill or equipment failure. Emergency exposure
requires immediate medical evaluation, documentation, and reporting to the regulatory authority. The
incident may trigger a review of emergency preparedness plans.

Radiation safety signage standards are defined by organizations such as the International Atomic Energy
Agency (IAEA) and national regulators. Standards specify color, symbols, wording, and placement
requirements. Compliance with signage standards ensures consistent communication of hazards across
facilities and jurisdictions.

Lead shielding doors are heavy, reinforced doors that provide attenuation for gamma radiation when
separating controlled and unrestricted areas. Doors must be equipped with interlocks that prevent entry
while radiation is present, and they must be regularly inspected for integrity. Proper use of shielding doors
significantly reduces occupational exposure.

Radiation safety interlock is an electronic system that monitors radiation levels and automatically disables
equipment or restricts access when thresholds are exceeded. Interlocks are often integrated with gamma
cameras, dose calibrators, and patient positioning devices. They serve as a fail-safe mechanism to protect
staff from unintended exposure.

Radiation exposure record is a comprehensive dossier that includes personal dosimeter readings, incident
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reports, training certificates, and medical surveillance results for each employee. The record is maintained
for the duration of employment and for a period after termination as required by regulations. Access to
exposure records is a right of the employee.

Radiation protection standards are technical documents that provide detailed criteria for shielding,
monitoring, and dose limits. Examples include the NCRP Report No. 151 for shielding design and the ICRP
Publication 103 for dose coefficients. Familiarity with these standards enables professionals to justify design
choices and to demonstrate compliance.

Radiation safety training curriculum outlines the topics, objectives, and instructional methods for educating
staff on radiation protection. Core modules typically cover radiation physics, biological effects, regulatory
requirements, emergency procedures, and hands-on handling. The curriculum is reviewed periodically to
incorporate new regulations and technological advances.

Radiation exposure documentation refers to the collection of all records that demonstrate adherence to
dose limits, monitoring activities, and incident management. Documentation must be organized, readily
retrievable, and retained for the period mandated by the regulator (often five years or more). Proper
documentation facilitates audits and supports legal defensibility.

Radiation protection audit checklist is a tool used during internal reviews to verify that all aspects of the
safety program are functioning as intended. The checklist may include items such as “personal dosimeters
are calibrated,” “waste containers are labeled correctly,” and “emergency drills are conducted quarterly.”
Checklists help standardize audit procedures and ensure comprehensive coverage.

Radiation safety software provides a platform for managing dosimetry data, inventory, training records, and
incident logs. Modern software solutions integrate with electronic health records and can generate
compliance reports automatically. Selecting a system that aligns with regulatory requirements and
institutional workflows enhances efficiency.

Radiation dose reduction strategies encompass a range of techniques aimed at minimizing patient and staff
exposure. Strategies include using low-activity protocols for pediatric patients, employing advanced
reconstruction algorithms that allow for lower counts, and scheduling high-dose procedures at times when
staffing levels are optimal. Implementing a combination of strategies yields the greatest benefit.

Patient positioning aids such as immobilization devices and positioning frames can reduce the need for
repeat scans, thereby decreasing cumulative dose. Proper positioning also improves image quality,
facilitating lower administered activities. Training technologists on optimal positioning techniques is a
practical dose reduction measure.

Protocol standardization ensures that each type of study is performed consistently, reducing variability in
administered activity and scan time. Standardized protocols simplify training, improve workflow, and
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support dose tracking. Deviations from standard protocols should be documented and justified.

Radiation dose monitoring software aggregates dose information from multiple sources, including dose
calibrators, imaging equipment, and patient records. The software can flag cases where doses exceed
predefined thresholds, prompting review and potential protocol adjustment. Integration of dose monitoring
into the clinical workflow promotes real-time optimization.

Radiation safety signage maintenance involves regular inspection of signs for damage, fading, or
obstruction. Maintenance schedules should be documented, and any deficiencies corrected promptly.
Neglecting signage upkeep can lead to confusion and increased risk of
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