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Course Title: Principles of Radiation Protection and Radiation Safety
Course Code: To be decided later



Credit Units: 4
Level: PG
Course Objectives: 

The aim of the present course is to provide knowledge of radiation protection and its safety measures to the students.  
Prerequisites:

Graduate Level physics
Course Contents / Syllabus:

	

	1

	Module I Principles of Radiation Protection 
	25% Weightage

	
	Principles of radiation protection, time, distance, shielding. Quantities and units: Dose, radiation absorbed dose (RAD, Gray), radiation weighting factor, Relative biological effectiveness (RBE), Quality factors,  Roentgen Equivalent man (REM), Sievert , equivalent dose , effective dose, collective equivalent dose, total effective dose equivalent, radiation dose limits, maximum permissible doses- (IRCP recommendations). Basis for exposure limits for occupational exposure, ALARA, exposure of embryo /fetus younger persons, occupational exposures, members of the public, risks associated with recommended limits. Design of radiation labs, types of labs, Security of Sources and radioactive cautions signs and labels. Dos and Don’ts in radiation protection practice. Personal monitoring film badges, TLD badge, use of survey meters and dose calibrators, use of dose constraints for staff and pregnant women.        

Evaluation of radiation hazards in medical diagnositic therapeutic installations – Radiation monitoring procedures – Protective measures to reduce radiation exposure to staff and patients – radiation hazards in brachytherapy departments and teletherapy departments and radioisotope laboratories – Particle accelerators protective equipment – handling of patients – waste disposal facilities – radiation safety during source transfer operations special safety features in accelerators, reactors.              


	

	2

	Module II Regulatory Aspects & Licensing
	25% Weightage

	
	The Atomic Energy Act, Rules issued under the Act, Surveillance procedures issued under the Rules, Notifications issued under RPR, 1971 and 2004 AERB Safety Directive, Safety code for Radiotherapy, Radiodiagnosis and NM facility, Duties of Medical physicist/ Technologists/ Radiopharmacists /RSO, Regulatory clearance-Approval of Radiotherapy, Radiodiagnosis and NM Lab, Physician & RSO, Regulatory consent, authorization - for disposal of radioactive waste and safe transport of Radioactive materials. Ethics, Registration of radiopharmaceuticals and their use. Historical background of legislation in the atomic energy field, need for control of radiation exposure at national and international levels, national control through acts with supporting regulation at central and state levels international control through specialized agencies, third party liability and insurance in the atomic energy field; ICRU and ICRP Recommendations on Dose Limits, Protection Regulations, Basic Framework of Radiation Protection, Radiation Safety Program, Radiation Safety Officer and duties of Radiation Safety Officer, Radiation Safety Committee, Personnel Monitoring, Responsibilities for Implementation of Basic Safety Standards Requirements 
	

	3
	Module III Planning & Design of Radiation generating  Equipment Installation
	25% Weightage

	
	Design and safety aspects of planning a Nuclear medicine department, radiotherapy department, cyclotron facility and PET centre. Planning of medical radiation installation, both therapeutic and diagnostic, which includes construction of room for cobalt, linear accelerator, high dose rate brachytherapy machine, simulator and CT simulator. 

General considerations, design of diagnostic, telegamma, accelerator installations, brachytherapy facilities and medical radioisotope laboratories; Step one: - Design dose in occupied areas (annual dose and weekly dose), Step two - Calculation of the radiation field (air kerma) in the occupied area without shielding, Step three - Attenuation by shielding barriers Teletherapy Installation: Workload, Use factor, Occupancy factor, Distance, Calculation of the primary transmission factor, Calculation of the scatter barrier transmission factor, Calculation of the leakage barrier transmission factor, Determination of barrier thickness, Consideration of neutron production in a high energy linac, Door of a linac room, Other considerations under AERB radiation safety protocol. Shielding thickness calculation under AERB radiation safety code and federal code of regulation 10 CFR20 in uptake room, imaging room, PET tomography from ambient radiation level and cyclotron. 
	

	4
	Module IV Planning & Design of Radiation generating  Equipment Installation
	25% Weightage

	
	Potential Exposure and Emergency Plans: 

Potential exposure and safety assessment, Mitigation of consequences: emergency plans - Lost source, Stuck source, Contamination, Off-site accidents, Patient accidental exposure. Radiation emergencies, preparedness and record keeping, Large scale spillage, leakage of radioactivity substance to environment, accidental inhalation, death of a patient with radioactivity etc.                                                                          
Transportation of radioactive substances: 

 Historical background, classification of radioactive materials, general packing requirements, transport documents, labeling and marking of packages, transport of large radioactive sources and fissile material, exemptions from regulations. 

Principles of Monitoring and Protection 

Evaluation of external radiation hazards – Effects of distance, time and shielding – shielding calculations – Personnel and area monitoring – Internal radiation hazards – Radio toxicity of different radionuclides and the classification of laboratories – Control of contamination – Bioassay and air monitoring – chemical protection – Radiation accidents – disaster monitoring. 

Personnel Monitoring Devices 

Principle construction and use of different radiation protection monitors – Film badge, TLD badge and pocket dosimeter. 

Radiation Survey of the Department 

Principle and construction of radiation survey meter and gamma zone monitors.                                                               
Safety in Industrial, Agriculture and Research uses of Radiation

Use of ionizing radiation in irradiator, industrial radiography, nucleonic gauging, well logging and research such as medical research, industrial research and agriculture research. 


	

	5
	Lab/Practicals:

List of Experiments:


	

	6
	Assessment/ Examination Scheme:


Theory L/T (%)

Lab/Practical/Studio (%)

100
0
Theory Assessment (L&T):

Continuous Assessment/Internal Assessment

Components  (Drop down)

Mid Term Exam

Home Assignment

Quiz/Viva

Attendance

End Term Examination

Weightage (%)

10%

10%

5%

5%

70%


	


Student Learning Outcomes:

On completion of this course, the students will be able to appreciate the knowledge of physics related with various radiations.
Pedagogy for Course Delivery:
1. Course will be delivered in the form of lectures and demonstration.
2. All the topics covered in the syllabus will be correlated with its applications in real life situations and also in other disciplines. Extra sessions for revision will be undertaken.

Text & References:

1. Simon R. Cherry, James A., Sorenson, Michael E. Phels, Physics in nuclear Medicine (3rd ed.), SAUNDERS an imprint of Elsevier.

2. Ramesh Chandra, Nuclear Medicine physics (5th ed.), Lea & Febiger, Philadelphia.

3. Antonio Fernando Goncalves Rocha and john Charles Harbert, Text Book of Nuclear Medicine: Basic Science, Lea & Febiger, Philadelphia.

4. Pail J. Early, M.A. Razzak and D, Bruces Sodee, Text Book of Nuclear Medicine 

Technology. The C.V. Mosby Company.

5. A.L. Baert and K. Sartor, Diagnostic Nuclear Medicine (2nd ed.), Springer.

6. Gopal B. Saha, Fundamental of Nuclear Pharmacy (5th ed.), Springer.

7. S.Webb, The Physics of Medical Imaging, Medical Science Series, Adam Hilgers Publications, Bristol, 1984.

8. Herman Cember. Introduction to Health Physics
9. Shapiro J. Radiation Protection
10. Mckenzie. Radiation protection in Radiotherapy
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