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Textbook Information

NPRE 441, Principles of Radiation Protection

Textbook
Required textbook
[1] J. Turner, "Atoms, Radiation, and Radiation Protection”, Third Edition, Wiley-VCH,
2007.

References:
[1] H. Cember - "Introduction to Health Physics", 4th Edition, McGraw-Hill (2023).
[2] J. K. Shultis and R. E. Faw, "Radiation Shielding," American Nuclear Society (2000).
[3] R. E. Faw and J. K. Shultis, "Radiological Assessment: Sources and Doses, American Nuclear
Society (1999).
[4] E. L. Alpen, "Radiation Biophysics," Academic Press (1998).
[5] Radiation Detection and Measurements, Third Edition, G. F. Knoll, John Wiley & Sons, 1999.
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General Information

NPRE 441, Principles of Radiation Protection

Instructor: Dr. Ling-Jian Meng, <ljmeng@illinois.edu>
Co-instructor: Dr. Elena Zannoni, <zannoni2@illinois.edu>
TA: Galen Selligman, <galenas2@illinois.edu>

Course website: <http://courses.engr.illinois.edu/npre441/> 

8 Homeworks: 20%, 
Mid-term exam: 20%,
6 in-class quizzes: 30%, 
Final exam: 20%,
Term-project: 10%.
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An Initial Overview of Ionizing Radiation
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Radiation

https://www.iaea.org/newscenter/news/what-is-radiation



Different Types of Ionizing Radiation
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https://www.env.go.jp/en/chemi/rhm/basic-info/1st/index.html
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Electromagnetic Radiation 
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Electromagnetic Radiation 
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Electromagnetic Radiation 

(Right) http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/xtube.html



Beta Decay and Gamma Ray Emission
Chapter 1: Radioactivity
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https://assignmentpoint.com/about-gamma-radiation/



Charged Particles 
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Tracks of Charged Particles (such as Beta and Alpha) in Air 

13
https://www.thenakedscientists.com/forum/index.php?topic=47630.0
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Range of Ionizing Radiation in Tissue

https://www.thenakedscientists.com/forum/index.php?topic=47630.0
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Directly and Indirectly Ionizing Radiation
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Targets for Radiation Damage
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NPRE 441, Principles of Radiation Protection, Spring 2023

Direction and Indirect Radiation Effect



An Overview of Radiation Dose 
to the General Public
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Canadian Nuclear Safety Commission, http://nuclearsafety.gc.ca/eng/resources/radiation/introduction-to-radiation/radiation-doses.cfm
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Effective Radiation Dose

𝒗

quality factor of 
the radiationOrgan weighting  factor

𝑬
𝒎ሺ𝑱/𝒌𝒈ሻ



Examples of Annual Dose Limits

Occupational Dose Limits for Adults
• An annual limit of 5 rem (0.05 Sv) total effective dose equivalent (TEDE).
• An annual limit of 50 rem (0.50 Sv) to an individual organ or tissue other than 

the lens of the eye, as determined by the deep-dose equivalent and the 
committed dose equivalent.

• An annual limit of 15 rem (0.15 Sv) to the lens of the eye.
• An annual limit of 50 rem (0.50) Sv) to the skin.
• An annual limit of 50 rem (0.50 Sv) to each of the extremities.

http://oregonstate.edu/ehs/book/export/html/88

Dose Limits for Individual Members of the Public
• An annual limit of 0.1 rem (1 mSv) total effective dose equivalent (TEDE)
• An hourly limit from external sources of 0.002 rem (0.02 mSv) in 

unrestricted areas.
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An Overview of  Radiation Exposure to US Population
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An Overview of General Radiation Exposure
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Medical Dose
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An Overview of  Radiation Exposure to US Population
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Modern X-ray Computed Tomography (CT)

(above right) https://www.secondscount.org/heart-resources/heart-resources-detail-2/secondscount-guide-to-radiation-safety-in-medical--4#.Y8cN2nbMK2E

(above) https://www.fda.gov/radiation-emitting-
products/medical-x-ray-imaging/what-computed-tomography



Nuclear Medicine

• Drug is labeled with radioisotopes that emit 
gamma rays.

• Drug localizes in patient according to metabolic 
properties of that drug.

• Trace (pico-molar) quantities of drug are 
sufficient.

• Radiation dose fairly small (<1 rem).

Drug Distributes in Body



Nuclear Medicine

(Left and above) Typical 
emission tomography 
images

Is there anything that we
do not like??

http://imaging.cancer.gov/patientsandproviders/cancerimaging/nuclearimaging



Tc-99m Sestamibi Myocardial Perfusion Imaging (MPI) 

Exercise stress Tc-99m Sestamibi single day myocardial perfusion SPECT images of the female patient with a significant (80%) distal left main
coronary artery disease. Classic features of the high-risk scan are present: severe partially reversible perfusion defect, involvement of the LAD
and LCX territory, visual transient ischemic dilation and abnormal TID ratio (1.21). The patient presented with symptoms of stable atypical
angina. No significant ECG or hemodynamic changes were noted during the stress portion of the test.

https://www.researchgate.net/figure/Exercise-stress-Tc-99m-Sestamibi-single-day-myocardial-perfusion-SPECT-images-of-the_fig1_283448406



Therapeutic Applications of Ionizing Radiation and 
their Current Limitations 

Conventional radiation therapy

http://www.onclive.com/web-exclusives/radiation-therapy-after-surgery-shows-
no-survival-benefit-for-elderly-lung-cancer-patients

Boron neutron capture therapy Proton therapy

 50-60% of cancer patient worldwide go through radiation therapy.
 Typical Dose: 20-60Gy !! (“lethal dose”: LD50/30 is 4 Gy). 
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Radiation Dose from Nuclear Medicine and External 
Radiotherapy Procedures
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Nuclear Medicine

External beam 
radiotherapy



Occupational Dose



Occupational Dose for US Workers
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Radiation Dose from 
Consumer Products



Radiation Dose from Consumer Products

35



An Overview of  Radiation Exposure to US Population



Environmental Radiation
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Cosmic Rays Radiation 
The cosmic ray shower
• It is now known that most cosmic 

rays are atomic nuclei. Most are 
hydrogen nuclei, some are 
helium nuclei, and the rest 
heavier elements. 

• The relative abundance changes 
with cosmic ray energy — the 
highest energy cosmic rays tend 
to be heavier nuclei. 

• Although many of the low-energy 
cosmic rays come from our Sun, 
the origins of the highest-energy 
cosmic rays remain unknown and 
a topic of much research. 

• This drawing illustrates air 
showers from very high-energy 
cosmic rays.

38



Tracks of Beta and Alpha Particles in Air 
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https://www.thenakedscientists.com/forum/index.php?topic=47630.0



Formation of Cosmogenic Nuclides
Formation of cosmogenic nuclides
As the cascade of reactions propagates down through the atmosphere, the nuclear particle flux becomes
dominated by neutrons + minor mesonic flux. These secondary fast nucleons continue to produce
cosmogenic nuclides in the atmosphere, hydrosphere & lithosphere by breaking apart target atoms
through spallation interactions. Eventually, the particles have insufficient energy to cause spallation.

40
https://en.wikipedia.org/wiki/Carbon-14



Chapter 1: Radioactivity

• All of the heavy elements (Z>83) found in nature are radioactive and decay by
alpha and beta emission. 209

83Bi is the only stable nuclide with an atomic
number greater than that of lead (Z=82).

Naturally Occurring Radioactive Materials (NORM)

• All of the naturally occurring heavy radionuclides belong to one of the three
series, the uranium series, the thorium series, and the actinium series.

• Several other elements, outside the uranium, actinium and thorium series, are
also found to have radioactive isotopes, such as 40K, 87Rb etc.

• Other naturally occurring radionuclides are of cosmogenic origin. Only those
produced as a results of cosmic ray interactions with constituents of the
atmosphere results in any mentionable exposure to man: 3H, 7Be, 14C and 22Na.
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Chapter 1: Radioactivity

http://www.world-nuclear.org/info/inf30.html
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Chapter 1: Radioactivity

43
http://www.blackcatsystems.com/GM/safe_radiation.html

Terrestrial Naturally Occurring Radioactive Materials (NORM)



Chapter 1: Radioactivity

Internal Dose from Indoor Radon
(more detailed discussions coming soon …)

From <<Radiation Protection and Dosimetry>>, by Michael Stabin. 
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An Overview of  Radiation Exposure to US Population



Topics Concerned in this Course 

From Cember, page 1.
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