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COURSE: IMAG 2126 Radiobiology and Radiation Protection 		TIME: Tues 10-11:50 
CREDITS:  2.0					    	 LECTURE HOURS PER WEEK:  2 	
PREREQUISITE: IMAG 1113 
INSTRUCTOR: 		CONTACT: 
PHONE: 					OFFICE:  
[bookmark: _Hlk143004685]OFFICE HOURS: Mon 9-12; Tues 8-10, Wed 9-12, Thurs 10-11

DESCRIPTION OF COURSE This advanced science course examines human responses to ionizing radiation. Early and late effects of radiation exposure are discussed, as well as an in-depth analysis of radiation protection standards and practices.

PROGRAM OUTCOMES (Covered in this course)
Clinical Competence
2.1-Students will demonstrate competency in radiographic skills, patient care skills, and radiation safety 
2.2-Graduates will exceed the expectations of entry-level technologists as defined by A.R.R.T. curriculum guidelines
2.3-Students will practice radiation protection

STUDENT LEARNING OUTCOMES:
Upon successful completion of the course, the student should be able to:
Calculate problems related to various quantities of radiation using traditional and SI radiation units.
Discuss the effects of ionizing radiation on molecules and cells.
Interpret various dose-response relationship graphs.
List and detail biologic responses to radiation as related to the radiation dose amount, method of delivery, and sensitivity of recipient.
List and describe the various methods for minimizing patient, operator, and public exposure to ionizing radiation.
Relate the various dose limit regulations and policies and how they are implemented.
Identify the various radiation protection design considerations and regulations.

OUTCOMES BASED ASSESSMENT OF STUDENT LEARNING 
For this course, students are expected to demonstrate the skills associated with the Institutional Learning Goals (ILG) identified below:
1. Critical Thinking
5.  Technological Competence
6. Communication Competence
8. Professional and Life Skills
In class, students are assessed on their achievement of these outcomes. Names will not be used when reporting results. Outcomes-based assessment is used to improve instructional planning and design and the quality of student learning throughout the college.

COURSE MATERIALS REQUIRED
Textbook, writing utensil, notebook, Internet access

TEXTBOOK, MANUALS, REFERENCES, AND OTHER READINGS

REQUIRED TEXTBOOK:
Radiologic Science for Technologist, 12th ed., by Stewart C. Bushong

REFERENCE BOOKS: 
Principles of Radiographic Imaging: An Art and A Science, 6th edition by Richard R. Carlton and Arlene McKenna Adler

GENERAL INSTRUCTIONAL METHODS
Lecture with the use of audiovisual presentations and/or study-guide outlines.
Online assignments include completing homework questions, reading articles, and viewing related media.
Textbook Reading and Assignments

ASSESSMENT
Columbus State Community College is committed to assessment (measurement) of student achievement of academic outcomes.  This process addresses the issues of what you need to learn in your program of study and if you are learning what you need to learn.  The assessment program at Columbus State has four specific and interrelated purposes: (1) to improve student academic achievements; (2) to improve teaching strategies; (3) to document successes and identify opportunities for program improvement; (4) to provide evidence for institutional effectiveness.  In class you are assessed and graded on your achievement of the outcomes for this course.  You may also be required to participate in broader assessment activities.

STANDARDS AND METHODS FOR EVALUATION
Exams: Exam and quiz questions may be multiple choice, multiple answer, matching, true/false, math computation, or short answer.

MAKE-UP EXAMS taken within 5 days after the class session in which they are scheduled will receive a 10% reduction in score, and the exam content may vary from the original exam. Exams taken 7 days late will be subject to a 20% score reduction. After 10 days, the exam will be scored zero (0).
 
Students who anticipate missing an exam may be given the opportunity to take the exam early with no penalty.

Quizzes: Short quizzes will be given at the beginning of the class. Students arriving later than the quiz time will not be permitted to start the quiz until after class is over and will be subject to a 5% score reduction.

Makeup Quizzes are not prohibited. Students who anticipate missing a quiz may be allowed to take it early with no penalty.






Weighting of Evaluations used to calculate the course grade:

Homework			20%		
Exams				30%
Quizzes			20%
Comprehensive Final Exam	30%
			          100%
	  GRADING SCALE
                 A:    91.5 – 100%
	     B:	84.5 – 91.4%
	     C:	79.5 – 84.4%
	     D:	74.5 – 79.4%
	     E:	Below 74.5%

SPECIAL COURSE REQUIREMENTS
None

[bookmark: _Hlk174711725]TECHNOLOGY IN THE CLASSROOM
The use of laptops or tablets to take notes is permitted. However, using any other device or cell phone is strictly prohibited unless it is being used for class purposes or permission was given before class. Please ensure your devices are muted and put away.

Any student with their cell phone out during class will be asked to leave, resulting in an absence.
 
Any student with their cell phone out during an exam will be asked to leave the class and given a zero.

ATTENDANCE POLICY
[bookmark: _Hlk142645428]Students are expected to be punctual and attend all class sessions. A student will accrue a five (5) percent point reduction in the final grade for any tardy or leaving early after two (2) incidences. Any student accruing two (2) or more absences will accrue a 5 percent point reduction in the final grade for each absence.

[bookmark: _Hlk142645815]LATE ASSIGNMENTS
Late assignments will receive a 10% reduction in the grade. A grade of zero (0) will be given 24 hours after the due date.

STUDENT RELIGIOUS ACCOMMODATIONS
Students must submit written notice with specific dates within fourteen days after the first day of instruction.
Students are responsible for scheduling a date and time with the instructor to make up any missed quizzes or exams.
For additional information, please reach out to the Executive Assistant for the Office of Academic Affairs.

COLLEGE SYLLABUS STATEMENTS
Columbus State Community College required College Syllabus Statements on College Policies and Student Support Services can be found at https://www.cscc.edu/academics/syllabus.shtml. 

COURSEWORK EXPECTATIONS
Columbus State's policy states that students at schools receiving funds from the State of Ohio should be expected to do 30 hours of work for each credit earned. That means students should expect to spend about two hours on work outside of class for each hour spent in class (Policy Number 5-05). Students need to be aware of their out-of-class responsibilities and that failure may result from the inability to fulfill the requirements for a course.


Unit 1 Chapter 29 Human Biology
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Discuss the cell theory of human biology.
3. List and describe the molecular composition of the human body.
4. Explain the parts and functions of the human cell.
5. Describe the processes of mitosis and meiosis
6. Evaluate the radiosensitivity of tissues and organs

Unit 1 Key Terms:

Deterministic effect
Stochastic effect
Cell theory
Catabolism
Enzymes
Hormones
Antibodies
Antigen
Lipids
Fatty Acid
Carbohydrates
Saccarides
Monosaccarides
Nucleic acids
DNA
RNA
Germ cell
Adenine
Guanine
Thymine
Cystosine
Nucleus
Cytoplasm
Nucleolus
Endoplasmic reticulum
Mitochondria
Ribosomes
Lysosomes
Prophase
Metaphase
Anaphase
Telophase
Interphase
Tissues
Organs
Stem cell
Anabolism
Metabolism
Protein			
Amino acids
Organic molecules
Protein Synthesis

Homeostasis
	

Learning Activities
Lecture
Read chapter 29
Complete Chapter 29 Homework Questions

Assessment: Quiz, Exam

Unit 2 Chapter 30 Fundamental Principals of Radiobiology
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. State the law of Bergonie and Tribondeau
3. Describe the physical factors that affect radiation response.
4. Describe the biological factors that affect radiation response.
5. Explain radiation dose-response relationships.
6. Describe the five types of radiation dose-response relationships.

Unit 2 Key Terms:

Radiation weighting factor
Linear Energy Transfer (LET)
Relative Biologic Effectiveness (RBE)
Protraction
fractionated
Oxygen Enhancement Ratio (OER)
Sublethal radiation damage
Repair
Repopulation
Atrophy
Radiosensitizers
Radioprotective agents
Hormesis
Deterministic response
Stochastic Response
Incidence
Linear, nonthreshold
Linear, threshold
Nonlinear, nonthreshold
Nonlinear, threshold
Extrapolate

Learning Activities
Lecture
Read chapter 30
Complete Chapter 30 Homework Questions

Assessment: Quiz, Exam

Unit 3 Chapter 31 Molecular Radiobiology
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Discuss three effects of in vitro irradiation of macromolecules.
3. Explain the effects of radiation on DNA.
4. Identify the chemical reactions involved in the radiolysis of water.
5. Define direct effect and indirect effect, and identify the importance of each.

Unit 3 Key Terms:

In-vitro
In-vivo
Main-chain Scission
Viscosity
Cross-linking
Point Lesions
Catabolism
Synthesis
Anabolism
Translation
Transcribed
Target molecule
Chromosome aberrations
Cytogenetic
Deterministic effect
Stochastic effect
Point mutations
Radiolysis of water
Free radical
Direct effect
Indirect effect



Learning Activities
Lecture
Read chapter 31
Complete Chapter 3 Homework Questions

Assessment:  Quiz, Exam

Unit 4 Chapter 32 Cellular Radiobiology
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Describe the effects of in vivo irradiation.
3. Describe the principles of target theory.
4. Discuss the kinetics of cell survival after irradiation.
5. Identify the cell survival model that best describes human cells.
6. Name the most radiation-sensitive stage of the human cell.

Unit 4 Key Terms:


Target theory
Cloning
Single-target, single-hit
Multi-target, single-hit
Poisson distribution
D37
Mean lethal dose
Extrapolation number
Target number
DQ
Threshold dose
Sublethal damage
Cell-cycle
D0

Learning Activities
Lecture
Read chapter 32
Complete Chapter 32 Homework Questions

Assessment:
Quiz, Exam

Unit  5 Chapter 33 Deterministic Effects of Radiation
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Describe the three acute radiation syndromes.
3. Identify the two stages that lead to acute radiation lethality.
4. Define LD50/60
5. Discuss local tissue damage after high-dose irradiation.
6. Review the cytogenetic effects of radiation exposure.
7. Describe the three features of a deterministic radiation effect.
Unit 5 Key Terms:


Acute Radiation Syndrome
Hematologic death
Gastrointestinal death
Central nervous system death
Prodromal period
Latent period
Manifest illness
LD50/60
Mean survival time
Local tissue damage
Erythema
Desquamation
Clinical tolerance
Grenz rays
Gametogenesis
Oogonia
Oocytes
Spermatogonia
Spermatocyte
Spermatid
Pluripotential stem cell
Lymphocytes
Granulocytes
Thrombocytes
Erythrocytes
Cytogenetics
Karyotype
Hit
Chromatid deletion
Isochromatids
Reciprocal translocations
The human genome

Learning Activities
Lecture
Read chapter 33
Complete Chapter 33 Homework Questions

Assessment:
Quiz, Exam

Unit  6 Chapter 34 Stochastic Effects of Radiation
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Define the stochastic effects of radiation exposure.
3. Identify the radiation dose needed to produce stochastic effects.
4. Discuss the results of epidemiologic studies of populations exposed to radiation.
5. Explain the estimates of radiation risk.
6. Analyze radiation-induced leukemia and cancer.
7. Review the risks of low-dose radiation on fertility and pregnancy.
Unit 6  Key Terms:

Epidemiologic studies
Radiodermatitis
Cataracts
Cyclotron
Relative risk
Radiation hormesis
Excess risk
Attributable risk
Thyroid cancer
Bone cancer
Skin cancer

Breast cancer
Thorotrast
Risk for induction
Risk of death
BEIR Report
Attributable response
Relative response
Major organogenesis
Genetic effects
Doubling dose


Learning Activities
Lecture
Read chapter 34
Complete Chapter 34 Homework Questions

Assessment:
Quiz, Exam

Unit  7 Chapter 35 Health Physics 
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Define health physics
3. List the cardinal principles of radiation protection.
4. Explain the meaning of NCRP and the concept of dose limits.
5. Name the recommended dose limits for radiation workers and for the public.
6. Discuss the concept of ALARA (as low as reasonably achievable).
7. How do the three radiologic terrorism devices differ?
Unit 7  Key Terms:


Cardinal principles of radiation protection
Time
Distance
Shielding
5-minute reset timer
Isoexposure lines
Effective dose


Learning Activities
Lecture
Read chapter 35
Complete Chapter 35 Homework Questions

Assessment:
Quiz, Exam

Unit  8 Chapter 36 Designing for Radiation Protection
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. State the leakage radiation limit for an x-ray tube.
3. List nine radiation protection features of a radiographic imaging system.
4. List nine radiation protection features of a fluoroscopic imaging system.
5. Discuss the design of primary and secondary radiation barriers.
6. Describe the three types of radiation dosimeters used in diagnostic imaging.
Unit 8  Key Terms:


Control panel
Source-to-Image Receptor Distance Indicator
Collimation
Positive-beam limitation
Beam alignment
Filtration
Reproducibility
Linearity
Source-to-Skin Distance
Primary protective barrier
Cumulative timer
Scatter radiation
Leakage radiation
Secondary protective barrier
Time of occupancy factor
Controlled area
Uncontrolled area
Workload
Use factor
Thermoluminescence dosimeter (TLD)
Gas-Filled detectors
Geiger-Muller
Optically Stimulated Luminescence Dosimeter (OLD)


Learning Activities
Lecture
Read chapter 36
Complete Chapter 36 Homework Questions

Assessment:
Quiz, Exam

Unit 9 Chapter 37 Radiography/Fluoroscopy Patient Radiation Dose 
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Define and understand the meaning of projection imaging.
3. Explain the use of entrance skin exposure, mean marrow dose, genitically significant dose, and tissue dose for patient radiation dose.
4. Identify the methods available for reducing patient radiation dose in fluoroscopy.
5. Describe effective dose and how it is used when describing patient radiation dose.
6. Relate dose area product to patient radiation dose.
Unit 9 Key Terms:

ALARA
Entrance skin exposure (ESE)
Mean marrow dose (MMD)
Gonadal dose
Genetically significant dose (GSD)
Dose area product (DAP)
Tissue dose
Effective dose



Learning Activities
Lecture
Read chapter 37
Complete Chapter 37 Homework Questions

Assessment:
Quiz, Exam

Unit 10 Chapter 38 Computed Tomography Patient Radiation Dose
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Describe the x-ray beam shape and intensity during computed tomography.
3. Understand the principal advantages of the computed tomography image.
4. Define computed tomography dose index and its relationship to patient radiation dose.
5. Describe how computed tomography dose index is obtained and by whom.
6. Define dose length product and its relationship to computed tomography dose index.
7. Understand the concept of size-specific dose.
8. Show how to compute effective dose for a given patient examination.

Unit 10 Key Terms:

Patient radiation dose distribution
Radiation dose profile
Penumbra
Computed tomography output intensity
Dose index
Dose length product
Overranging
Effective dose
Image gently


Learning Activities
Lecture
Read chapter 38
Complete Chapter 38 Homework Questions

Assessment:
Quiz. Exam

Unit 11 Chapter 39 Patient Radiation Dose Management
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Indicate three ways that patient radiation dose can be reported.
3. Discuss ALARA principles applied to patient radiation dose management.
4. Discuss factors that affect patient radiation dose.
5. Describe the recommended management procedures for the pregnant patient.
6. Describe the intensity and distribution of radiation dose in mammography and computed tomography.
7. Explain when gonad shields should be used.
Unit 11 Key Terms:

Glandular dose
Unnecessary examinations
Repeat examinations
Lens shields
Breast shields
Gonadal shields
Spontaneous abortion
Fetal dose



Learning Activities
Lecture
Read chapter 39
Complete Chapter 39 Homework Questions
Assessment:
Quiz, Exam

Unit 12 Chapter 40 Occupational Radiation Dose Management
Learning Objectives/Goals:
At completion of this unit the student should be able to do the following with at least 76% accuracy.
1. Define all key terms.
2. Discuss the units and concepts of occupational radiation exposure.
3. Discuss ways to reduce occupational radiation exposure.
4. Explain occupational radiation monitors and where they should be positioned.
5. Discuss personnel radiation monitoring reports.
6. List the available thicknesses of protective apparel.

Unit 12 Key Terms:


Whole-body dose limits
Effective dose calculation
Tissue weighting factor
Occupational dose limits
General population   dose limits
Occupational radiation monitor
Thermoluminescence dosimeter (TLD)
Optically stimulated luminescence dosimeters  (OSL)
Dosimeter placement
Declared pregnancy
Effective occupational dose limit
Environmental background radiation

Learning Activities
Lecture
Read chapter 40
Complete Chapter 40 Homework Questions

Assessment:
Quiz, Exam

IMAG 2126 AU24 Calendar (TENTATIVE Schedule)
ALL HOMEWORK IS DUE BY 11:59 PM

	DATE
	TOPIC
	 Textbook/Assignment/Quiz

	Aug 27
	Syllabus Review
Human Biology 
 
	Read Chapter 29
Homework due 8/26
Cell Diagram

	Sep 3
	Fundamentals of Radiobiology
	Read Chapter 30
Homework due 9/2
Quiz 1 Chapter 29

	Sep 10
	Exam 1 Chapters 29 and 30

	

	Sep 17
	Molecular Radiobiology
	Read Chapter 31
Homework due 9/16

	Sep 24
	Cellular Radiobiology
	Read Chapter 32
Homework due 9/23
Quiz 2 Chapter 31

	Oct 1
	Campus Closed No Classes
	

	Oct 8
	Exam 2 Chapters 31 and 32
	

	Oct 15
	Deterministic Effects
	Read Chapter 33
Homework due 10/14

	Oct 22
	Stochastic Effects
	Read Chapter 34
Homework due 10/21
Chernobyl Video 
Quiz 3 Chapter 33

	Oct 29
	Exam 3 Chapters 33 and 34
	Chernobyl Video Response due 10/28

	Nov 5
	Health Physics
	Read Chapter 35
Homework due 11/4

	Nov 12
	Designing for Radiation Protection
	Read Chapter 36
Homework due 11/11
Quiz 4 Chapter 35

	Nov 19
	Exam 4 Chapters 35 and 36
	

	Nov 26
	Radiography/Fluoroscopy Patient Radiation Dose 
Computed Tomography Patient Radiation Dose
	Read Chapters 37 & 38
Homework due 11/25

	Dec 3
	Patient Radiation Dose Management
Occupational Radiation Dose Management
Review for final (time permitting)
	Read Chapters 39 & 40
Homework due 12/2
Quiz 5 Chapters 37&38

	Dec 10
	Comprehensive Final Exam 10-11:50 am
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