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 What is radiation?
— Heat, light, any movement of energy through space

 What is Ionizing radiation?
— Radiation that can break chemical bonds, damaging DNA causing cell 

damage and mutations

 How do we detect radiation?
— Detection and monitoring equipment

 How do we protect ourselves from radiation?
— Time, Distance, and Shielding

Pop Quiz!

Presenter Notes
Presentation Notes
A quick Radiation Primer
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Case Study: Radioactive Source Theft Event in 
Mexico (December 2013)
 Retired 3,000 curie (111 terabequerels) Co-60 teletherapy source 

being transported to disposal site was stolen during transport at 
gunpoint on 2 December 2013

• Considered Category 1 (“extremely dangerous to the person”) by the 
IAEA.
 “If not safely managed or securely protected, the source would be likely to cause permanent injury to a 

person who handled it or who was otherwise in contact with it for more than a few minutes.” 

 “It would probably be fatal to be close to this amount of unshielded radioactive material for a period in the 
range of a few minutes to an hour.”

 If sold as scrap metal, could significantly contaminate recycled metals 
and end up in consumer products. Could be mis-used to expose or 
contaminate the public.
 Unshielded source recovered in a corn field on 11 December 2013
“Recovering a source of that level of intensity is not making enchiladas,” Juan Eibenschutz, executive 

director of the Nuclear Security and Safeguard Commission

Photo CREDIT: Shelby Leonard/LAN
L

Presenter Notes
Presentation Notes
http://worldnews.nbcnews.com/_news/2013/12/12/21872831-stolen-highly-radioactive-material-finally-secured-mexico-says-villagers-doubtful

On 4 December 2013 CNSNS reports that law enforcement authorities found the truck abandoned about 25 miles from where it was stolen. The teletherapy head had been taken off of the truck bed and the source rod had been removed from the teletherapy head. 
The source rod was located about a half mile from the truck in a corn field
An exclusion zone of about 500 meters was established – likely at the 2 mr/hr zone
Mexican authorities began assessing potential radiation exposures to persons who may have been close to the unshielded source, and hospitals were alerted to watch for symptoms of such exposure. 
On 11 December 2013 Mexican officials report that robot retrieval of source successful. Source now in transport container and on way to waste storage facility.
Press reports: a farmer in the cornfield where the source was found has been hospitalized. He reportedly handled the source and became ill soon after.
A federal judge has ordered the detention of 5 individuals suspected of being involved in the theft. Their health status not reported. 
On 12 December 2013 IAEA press release on website reporting successful recovery of source, and:

“One member of the public is undergoing medical assessment in Mexico City after presenting himself with skin damage indicating overexposure to the source by carrying it over one shoulder …. A further 60-70 people have presented themselves for testing but have not shown signs of overexposure.”

12 December 2013 press report: “For Mexican Town, Fears Linger Over Theft of Radioactive Cobalt-60”
Article cites examples of poor risk communications to village townspeople.
Public apparently didn’t understand mixed message: 
“It’s safe, but stay away”
Mistrust of authorities, confusion about exposure versus contamination

Source Image credit: https://www.lanl.gov/discover/publications/connections/2018-10/science.php CREDIT: Shelby Leonard/LANL
https://www.lanl.gov/discover/publications/1663/2018-august/_assets/docs/1663-32-CarefulWithHotObjects.pdf
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Exposure Considerations (3,000 Ci Co-60)
3 000 Ci (111 

TBq)
Co-60

8,500 
mSv/h

2,100 
mSv/h

2m 4m

330 mSv/h

10m 20m

80 mSv/h

500m was used as an exclusion zone for recovery operations of the 
3,000 curie (111 terabequerels) Co-60 source.  Dose rates at that 
distance were ~ 0.025 mSv/h (25 µSv/h or 2.5 mR/h).

Lethal in 30 
min

“It would probably be fatal to be close to this amount of unshielded radioactive 
material for a period in the range of a few minutes to an hour.”

Presenter Notes
Presentation Notes
The dose rate calculation includes air attenuation and build-up so is not quite 1/r^2
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Shielding Examples (3,000 Ci Co-60)

The more mass 
between you and the 
source, the lower the 

dose rate. This can 
be done with:

• Thicker walls
• Denser materials

3 000 Ci 
(111 TBq)

Co-60

5,500 
mSv/h

2m

10 cm of 
Concrete

620 mSv/h

2m

10 cm of 
Steel

35 mSv/h

2m

10 cm of 
Lead

8,500 
mSv/h

2m

Unshielded
5,500 
mSv/h

2m

10 cm of 
Concrete

740 mSv/h

2m

30 cm of 
Concrete

1,925 
mSv/h

2m

20 cm of 
Concrete
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Unstable Atoms Decay
• The number of “decays” that occur per unit time in the 

radioactive material tell us how radioactive it is.  Units 
include:

• Curies (Ci), 
• decays per minute (dpm), and 
• Becquerels (Bq  or decays per second).

• When an unstable atom decays, it transforms into 
another atom and releases its excess energy in the 
form of radiation

• Sometimes the new atom is also unstable, creating a        
“decay chain”

1 Ci = that quantity of radioactive material in which 37 billion atoms 
are transformed per second – 3.7x1010 disintegrations per second (Bq)

Presenter Notes
Presentation Notes
Narrative
“Atoms are the building blocks of our world, we are made from atoms, as is the air we breath and the world we live in.  If you recall your high school “Table of Elements,” there are a little over 100 different elements, or “flavors” of atoms.   
Everything above Element number 89 (Bismuth) is unstable.  This includes the uranium and thorium we dig out of the ground as well as man-made elements such as plutonium and Americium.
Even the “stable” elements have unstable “brothers and sisters” that chemically behave identically to their stable sibling, but are radioactive.  Again, these unstable brethren, or isotopes, include naturally occurring isotopes like Carbon-14 and Tritium (a radioactive form of Hydrogen) and man-made isotopes like Cesium-137 and Iodine-131.
UNSTABLE ATOMS DECAY
	I often relate this to the hyperactive brother, who just has too much energy.  The unstable atoms eventually get rid of this energy by “Decaying,” or more accurately “Transforming,” to different element.  During this process, they get rid of excess energy by giving off radiation.
	We define how radioactive something is by how many decays occur in a given amount of material over a given time.  In fact, one of our oldest units was defined by Madam Curie as the number of decays in 1 gram of radium.  This unit, named after her as “The curie” turned out to be 37 billion decays per second.  Which, explains why Marie died of Leukemia and had lesions on her hip from carrying her Radium in her lab coat pocket. 
	When atoms decay, they release much of their excess energy in the form of radiation.  There are two main types of radiation; Gamma rays are electromagnetic radiation, like light and radio-waves… except that these photons have enough energy to strip off the outer electron, or “ionize,” any atoms that they hit.
During the Decay Process, particles are also ejected from the nucleus.  The most common of these, alpha, beta, and Neutron particles, are ejected with enough energy to also ionize other atom that they hit.
	Often, unstable atoms transform into another unstable atom!  This can lead to a series of transformations, or “decay chain.”  As you can see by the graphic, the most common Uranuim isotope actually goes through 14 different decays before reaching a stable lead isotope.
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Radiation Forms
• When unstable atoms transform, they often eject particles 

from their nucleus.  The most common of these are:
• Alpha Radiation
High energy, but short range (travels an inch in air, not an 
external hazard)

• Beta Radiation
Longer range (10 – 20 feet in air) and can be a skin and eye 
hazard for high activity beta sources.

The “new” nucleus that is formed during the particle 
emission is often left in an “excited” state, which is why…

• Gamma Rays (photons)
are produced along with particle radiation. This “penetrating” 
electromagnetic radiation (like light, but with more energy) is an 
external hazard and can travel 100s of feet in air.

gamma

gamma

Presenter Notes
Presentation Notes
Let’s define a couple of key types of Radiation.  When we are talking about Radioactive Material, it is changes in the NUCLEUS that creates the radiation.
{Click}
Alpha radiation consists of high-energy particles that are relatively large, heavy, and only travel a short distance. Because they are so large and heavy, alpha particles lose their energy very rapidly, have a low penetrating ability, and short range of travel—only a few inches in air. Because of the alpha particle’s short range and limited penetrating ability, external shielding is not required. A few inches of air, a sheet of paper, or the dead (outer) layer of skin that surrounds our bodies easily stops alpha particles. Alpha radiation poses minimal biological hazard outside the body. The greatest hazard from alpha-emitting material occurs when the material is inhaled or ingested. Once inside the body, the alpha radiation can cause harm to individual cells or organs 
{Click}
Beta radiation consists of particles that are smaller, lighter, and travel farther than alpha radiation. Because they are smaller and lighter, beta radiation is more penetrating than alpha radiation. The range of penetration in human tissue is less than 1/4 inch. In air, beta radiation can travel several feet. Beta radiation may be blocked or shielded by plastic (SCBA face shield), aluminum, thick cardboard, several layers of clothing (bunker gear) or the walls of a building. 
Outside the body, beta radiation constitutes only a slight hazard. Because beta radiation penetrates only a fraction of an inch into living skin tissue, it does not reach the major organs of the body. However, exposure to high levels of beta radiation can cause damage to the skin and lens of the eye. Internally, beta radiation is less hazardous than alpha radiation because beta particles travel farther than alpha particles and, as a result, the energy deposited by the beta radiation is spread out over a larger area. This causes less harm to individual cells or organs 
{click}
The “new” nucleus that is formed during the particle emission is often left in an “excited” state, which is why…
{click}
Gamma radiation, like X-rays, light, and radio, is electromagnetic radiation is given off by the nucleus to relieve the excess energy left behind. This means that it does not consist of particles like alpha and beta radiation but, rather, waves of energy that have no mass and no electrical charge. Because they have no mass and no electrical charge, they are able to travel great distances and require dense material as shielding. This most often happen immediately with the particle emission, and particle decays that don’t involve some type of gamma emission are rare.
Gamma radiation poses a hazard to the entire body because it can easily penetrate human tissue. Lead, steel, and concrete are commonly used to shield gamma radiation. 


Instructor Note:  there are several other types of radiation, including neutron radiation, positron emission, electron capture, etc…  but alpha, beta, and gamma radiation are the main ones we need to worry about for this discussion.
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Gamma rays vs. X-rays
• Gamma rays come from the nucleus, usually after a 

particle (i.e., α, β) decay leaves the nucleus in an 
excited state.

• X-rays come from the electron cloud of an atom.  X-rays 
can be made many ways:

• Atomic de-excitation after decay
• External radiation knocks out an election
• Projectile electron is redirected / slowed by the nucleus               

(Bremsstrahlung radiation)

The latter two production methods can 
be done with machines (X-ray machines)

Presenter Notes
Presentation Notes
Taken from http://profstelmark.com/Chapter_6.html 

  I. Bremsstrahlung radiation: It involves an interaction in which  a projectile electron passes through the cloud  of orbital electrons in the target atom without colliding with them. Then, when it passes nearby the nucleus it is acted upon by its positive electric field. Positively charged nucleus exerts (extends) the attractive force on the electron and  tries to pull the electron in resulting in its deceleration ( slowing down) or even complete stoppage. We learnt that, energy cannot be destroyed, but it can only be converted from one form to another. As a result, the loss of the kinetic energy by the projectile electron is emitted in the form of electromagnetic energy. The closer the electron passes to the nucleus, the more energy it looses and the more energetic electromagnetic energy is produced.

  II. Characteristic radiation: It involves  interaction of a projectile electron with an orbital electron of a target and subsequent emission of a characteristic photon. This process is a two stage process:
           Stage 1:  A projectile electron collides  with a target orbital electron. (preferably with inner shell electron - K or L. ) If projectile electron has less energy than binding energy of an orbital electron, no ionization occurs and no characteristic radiation is produced. Electron is simply excited. If a projectile electron has sufficient energy to dislodge K or L shell electron ionization takes place. It must be noted that outer shell electron ionization occurs often in an atom an is a fairly stable event. However, ionization of one of the inner shells of an atom results in the serious disruption of an atomic equilibrium state.  
          Stage 2: After the collision atom is ionized and has a void (electronic hole) in the inner shell. This a highly unstable situation for an atom and it seeks to remedy it by having the outer shell electron fall into the electronic void followed by the emission of a characteristic photon. Outer shell electrons are falling into inner shell electronic holes until all the shells in the atom are stabilized. This process is called a characteristic cascade  The resultant characteristic photon energy is equal to the differency in binding energies of an outer and inner shell electrons.
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Radioactive Material and Radioactivity
• The radioactivity level of any given amount of radioactive material is 

constantly decreasing
• The “Half-Life” describes how quickly Radioactive Material decays away 

with time.
• It is the time required for half of the unstable atoms to decay.

1 half-life2 half-lives3 half-lives4 half-lives5 half-lives6 half-lives7 half-lives8 half-lives9 half-lives10 half-lives

Some radioactive isotopes and their half-life
Isotope Half-Life

Nitrogen-16 7 seconds
Technetium-99m 6 hours

Thallium-201 73 hours
Cobalt-60 5 years

Cesium-137 30 years
Americium-241 432 years
Uranium-238 4.5 billion years

Radioactive

Material

Presenter Notes
Presentation Notes
The radioactivity level of any given amount of radioactive material is constantly decreasing. After seven half-lives, the activity of the material will be at less than 1% of its original activity. 

How Unstable an atom is will drive the speed at which it decays.  Some unstable atoms last for billions of years and are older than the Earth itself,  others have a hard time staying around a microsecond after it was created.
Since this is a random process, we don’t know exactly when any specific unstable atom will decay….  But, on average, we know how long it takes for half of a group of unstable atoms to decay.
This measurement of time is called the half-Life.   After each “half-life,” half of the remaining unstable atoms would transform.

The table on Slide illustrates many common radioactive materials and their respective half-life. 
You can demonstrate how material decays by advancing the slide and showing participants how the size of the “radioactive material” graphic on the slide decreases by one-half after each half-life (simulated by advancing the slide). 

The information below is reference material for the instructor on each of the radioisotopes listed in the chart: 
Nitrogen-16 is a radionuclide associated with nuclear power plant operations. It is produced in a process called activation when oxygen in reactor coolant is exposed to neutron radiation. It is formed when Oxygen-16 captures a neutron and emits a proton to form nitrogen-16. 
Technetium-99m is the most widely used radiopharmaceutical for diagnosing diseased organs. These types of diagnostic procedures make use of a small amount of a radioactive isotope, usually injected into the patient’s bloodstream for the purpose of imaging some part of the body. The useful radiation from such isotopes is usually gamma rays, which can be detected outside the body. These gamma rays can be used to image an internal organs or structures. One of the things that makes technetium-99m so popular as a radiopharmaceutical is its short half-life which leads to very fast clearing from the body after an imaging process. 
Thallium-201 is widely used in as a radiopharmaceutical for diagnosis of coronary artery disease other heart conditions such as heart muscle death and for location of low-grade lymphomas. 
Cobalt-60 is produced in a process called activation, when materials in reactors, such as steel, are exposed to neutron radiation. Cobalt-60 can also be produced in a particle accelerator. It is widely used as a medical and industrial radiation source. Medical use consists primarily of cancer radiotherapy. Industrial uses include testing of welds and castings, and a large variety of measurement and test instruments including leveling devices and thickness gauges. It is commonly used to sterilize instruments, and to irradiate food to kill microbes and prevent spoilage. 
Cesium-137 is produced spontaneously when other radioactive materials such as uranium and plutonium absorb neutrons and undergo fission. Cesium-137 is therefore a common radionuclide produced when nuclear fission, or splitting, of uranium and plutonium occurs in a reactor or atomic bomb. It is also used in industry to sterilize instruments, and to irradiate food to kill microbes and prevent spoilage. Cesium-137 is used for sterilization activities for food products, including wheat, spices, flour, and potatoes. Cesium-137 is also used in a wide variety of industrial instruments such level and thickness gauges and moisture density gauges. Cesium-137 is also commonly used in hospitals for diagnosis and treatment, as a calibration source, and sources can be used to sterilize medical equipment. 
Americium-241 is a man-made radioactive metal that exists as a solid under normal conditions. Americium is produced when plutonium absorbs neutrons in nuclear reactors and nuclear weapons tests. Americium-241 when blended with beryllium is used as a neutron source in the testing of machinery and in thickness gauges in the glass industry. Most soil moisture density gauges contain an Americium-241/beryllium source. Americium-241 also is used as a radiation source in medical diagnostic devices and in research. It is commonly used in minute amounts in smoke detectors as an ionization source. 
Uranium is a naturally occurring radioactive metal that is present in low amounts in rocks, soil, water, plants, and animals. Uranium and its decay products contribute to low levels of natural background radiation in the environment. Significant concentrations of uranium occur naturally in some substances such as phosphate deposits and uranium-enriched ores. Natural uranium is found in the environment in three forms or isotopes: uranium-234, uranium-235, and uranium-238. Ninety-nine percent of natural uranium occurring in rock is uranium-238. Uranium-238 decays to form other radioisotopes called daughter products. Some of Uranium-238’s daughter products include radium-226 and radon-222. 
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Radiation and Radioactive Material are a Natural Part of Our 
Lives
• We are constantly exposed to low levels 

of radiation from outer space, earth, and 
the healing arts.

• Low levels of naturally occurring 
radioactive material are in our 
environment, the food we eat, and in 
many consumer products.

• Some consumer products also contain 
small amounts of man-made radioactive 
material.

Smoke
Detector

Presenter Notes
Presentation Notes
Narrative
The top picture is the a view of Aurora Borealis from outer space which is just of cosmic radiation interacting with or ionosphere

The Orange Glaze used in Fiestaware was made using natural uranium

For decades, Lantern Mantels have contained natural Thorium.  Thorium is natural radioactive material with a half live of 14 billion years

Smoke detectors have man-made Am-241, which is used to detect the presence of smoke.

Emphasize:  there is no difference between the type of radiation emitted by natural or man-made sources.
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U.S Annual Average - 620 mrem 

5% 5% 5%

37%
2%

46%

Cosmic 
Radiation

Terrestrial 
Radiation

Food

Radon 
Gas

Consumer 
Products

Medical

Presenter Notes
Presentation Notes
Notes: 
this slide doesn’t show info as provided in the CBT pie chart 
5% contribution from internal exposure
1% industrial
1% occupational

Instructor: 
Note the percentage contributed by the major categories
Keep in mind the 620 mrem per year (unit will be discussed in a bit) is an AVERAGE over the entire U.S. and will vary by geography, age and occupation



12LLNL-PRES-2008164-DRAFT

The Amount of Radiation Produced by Different 
Radionuclides is Related to Decay Rate NOT Size

• Specific activity is the amount of 
radioactivity in a gram of material.

• Radioactive material with long half-
lives have low specific activity.

1 gram of Cobalt-60 has the same activity 
as 1,730 tons of natural Uranium

184 Cylinders
(1730 tons) of

Natural Uranium
= 1100 Ci

1gram 60Co
= 1100 Ci

1 cylinder = 
~ 9.4 tons of uranium

Presenter Notes
Presentation Notes
Narrative
You can’t judge how much radiation is being produced based on the physical size of the source.

Radioactive material with long half-lives, meaning it decays away slowly, will not give off a lot of radiation per unit mass.  This is referred to as the isotope’s Specific Activity.

For isotopes like Cobalt-60, which only has a half life of a few years, a gram (about the weight of a paperclip) of Co-60 has the same activity (number of decays per minute) are almost two thousand tons of uranium.

Math:  Co-60 1100 curies/gram.  Uranium 238 is 3.3E-7 Ci/g,  Natural uranium 7.1E-7 ci/g (0.72% U-235 present, by weight)
1100 Ci of natural uranium = 1.57E9g = 1730 short tons or 1570 metric tons

These are depleted uranium hexafluoride storage cylinders.  Though I converted the mass as if it were natural uranium.
Several different cylinder types are in use, although the vast majority of cylinders are designed to contain 14-tons (12-metric tons) of depleted UF6.  (this is ~9.4 tons of Uranium).  Therefore this would be about 180 Cylinder
The 14-ton-capacity cylinders are 12 ft (3.7 m) long by 4 ft (1.2 m) in diameter, with most having an initial wall thickness of 5/16 in. (0.79 cm) of steel. 
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Our Bodies Are Resilient

 DNA damage is most important and can lead to cell 
malfunction or death.  

 Our body has ~ 60 trillion cells
—Each cell takes “a hit” about every 10 seconds, 

resulting in tens of millions of DNA breaks per cell 
each year.

—BACKGROUND RADIATION causes only a very 
small fraction of these breaks (~ 5 DNA breaks per 
cell each year).

 Our bodies have a highly efficient DNA repair 
mechanisms

Presenter Notes
Presentation Notes
Narrative
The Cells in our body live in a continuing barrage of damaging events. About every 10 seconds, each cell in our body “takes a hit.”  Sitting through this lecture, you will have been assaulted trillions of times!  

The VAST majority of these assaults are NOT from radiation, but from inescapable byproducts of the chemical processes in our bodies that enable us to live.  Behind that is the natural or man-made toxins which we take into our body.

Way below those effects are the 5 or so DNA breaks per cell each year that happen because of background radiation. (out of the 10s of millions total)

Of course, if our bodies didn’t have extremely efficient DNA repair mechanisms, our breakfast would probably have already done us in.

======================  Notes ==============
Most of this reference comes from:
Smithsonian, V26, #9.  December 1995, RISK, Part 2: Safeguarding our cells by James Trefil. 
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At HIGH Doses, We KNOW Radiation Causes Harm

High Dose effects seen in:
•  Radium dial painters
•  Early radiologists
•  Atomic bomb survivors
•  Populations near Chornobyl
•  Medical treatments
•  Criticality accidents

 In addition to radiation sickness, increased cancer rates 
were also evident from high level exposures.

Presenter Notes
Presentation Notes
Narrative
The Picture of woman using fluoroscope.  Just off the picture to the right is the business end on an X-ray machine beaming toward her face.
The beam hits the phosphors on the back of the “telescope” and she can see her hand as an X-ray and watch it move….  She also gets a whopping dose to the face!

Throughout this and the last century, people have been exposed to radiation.  Some through accident or ignorance; others, like the atomic bomb survivors or medical patients, where the exposure was intentional.

Extensive data has been collected on these exposures in an attempt to understand more about it’s effects.

At high doses of radiation, we know there are physical effects such as burns, radiation sickness and even death.

Another observed effect of high doses of radiation is a detectable increase in certain cancer rates.  Not a sure thing, but rather a slight increase over the natural incidence of cancer for large exposures.
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At LOW Doses, We PRESUME Radiation Causes Harm

Below 100 mSv (10 rem) the risks of health 
effects are either too small to be observed 
or are nonexistent.
Several different possible dose-response 
relationships are shown.
We presume there may be some small 
increased risk, even if not measurable, and 
that the risk is proportional to the dose.
This conservative approach is known as the 
Linear, No Threshold Model.

The Bad News: Radiation is a carcinogen and a mutagen
The Good News: Radiation is a very weak carcinogen and mutagen!

(10 rem)

Image credit: Belli M, Indovina L. The Response of Living Organisms to Low Radiation 
Environment and Its Implications in Radiation Protection. Frontiers in Public Health. 2020; 
8:601711

Presenter Notes
Presentation Notes
HPS Position Paper (2010): Radiogenic Health Effects Have Not Been Consistently Demonstrated Below 10 Rem 
Radiogenic health effects (primarily cancer) have been demonstrated in humans through epidemiological studies only at doses exceeding 5–10 rem delivered at high dose rates. Below this dose, estimation of adverse health effect remains speculative. 

Image from Belli M, Indovina L. The Response of Living Organisms to Low Radiation Environment and Its Implications in Radiation Protection. Frontiers in Public Health. 2020 ;8:601711. DOI: 10.3389/fpubh.2020.601711. PMID: 33384980; PMCID: PMC7770185.

As the image shows, the data that we can conclusively draw a connection to increased cancer rates in the high dose region (generally > 100 mSv or 10 R).  Below that range the data has large uncertainties and is very inconsistent in many cases.
As the various lines indicate, the low dose data interpret the data differently… including some data that suggest some low levels of exposure may have a hormetic (positive) effect

Generally, the scientific community has agreed on a conservative (if over simplified) method of taking the high dose data and drawing a straight line to zero.  This is known as the Linear, No Threshold Model
It is conservative because we presume that there is no threshold below which our bodies manage the damage without increased risk which is the accepted practice for many other hazardous materials.

{click}
The Bad News is Radiation is a carcinogen and a mutagen
The Good News is Radiation is actually a very weak carcinogen and mutagen when compared to many other hazardous material that we encounter on a regular bases in our daily lives

Figure 1 caption from the paper.
Schematic representation of possible dose–response relationships for radiation-induced cancer risk. The doses are effective doses in addition to the natural background exposure. The solid axes correspond to the current representation where doses are those above the natural background and the cancer risk is the corresponding excess risk (12), while the dashed axes also take into account the natural background. The vertical red dotted line at 100 mSv represents a rough separation between the regions of reliable (> ~100 mSv) and unreliable (< ~100 mSv) epidemiological data. The solid red line represents the conventional linear no-threshold (LNT) relationship. Hormetic response, represented by the dotted green line, corresponds to the hypothetical responses driven by doses above background, according to the usual representation. The dotted black line below background represents a hypothetical protective response driven by the background radiation. The other dashed colored lines represent various proposed dose–response relationships, that could take into account various non-linear responses, such as BE (often considered to induce a supralinear response), and AR (sublinear).

============  Additional Info ------------
Rule of thumb: Every 1 rem of dose increase risk by 0.08%�
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 Dose describes the amount of radiation energy 
deposited in the body

Measured in: 
Sieverts (Sv) or Gray (Gy)
For fallout: 1 Sv ~ 1 Gy
1 Sv = 1000 mSv
1 Sv = 100 cSv (100 rem)

 The Dose Rate describes how quickly the energy 
is being deposited

Measured in: 
mSv/h
mGy/h

Dose

Dose Rate vs. Dose

Presenter Notes
Presentation Notes
A Dose of radiation describes how much energy is being deposited in the body.
We use unites like Sv and Gy to describe the dose of radiation.
For out discussion today, with the primary hazard of external gamma radiation, you can treat Sv and Gy as being about equal
1 Sv is a large dose, enough to cause radiation sickness, so we often use the millisievert to measure dose, 1 Sv = 1000 mSv
{click} here are some examples of typical doses.
{review key parts of the chart}

{click}
Another important term is DOSE RATE, which describes how fast the energy is being deposited.
{click}
You can think of dose rate like the speedometer in your car, in fact it is a great analogy because going hundreds of kph can be dangerous, just like being in an area of 100s of mSv/h

{click}
 to carry that analogy further, if the dose rate is the speedometer, then the total dose is the odometer as it measures the total distance traveled… or in this case the total dose received.
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UNEP; RADIATION EFFECTS and SOURCES
http://www.unscear.org/unscear/en/publications/booklet.html?print 

1,000 mSv
(100 R)

Low Dose (< 100 mSv): Presumed Risk (not demonstrated)
Moderate Dose (100 mSv – 1,000 mSv): Observed Cancer Risk

High Dose: (>1,000mSv): Observed Acute Effects

100 mSv
(10 R)

Presenter Notes
Presentation Notes
Here is a chart that puts radiation risk into perspective
Click


This summarizes both the acute (high dose) and Stochastic (i.e. cancer) (moderate dose) risk. 
Low Dose (< 100 mSv): Presumed Risk (not demonstrated)
Moderate Dose (100 mSv – 1,000 mSv): Observed Cancer Risk in large populations (increased chance of cancer)
High Dose: (>1,000mSv): Observed Acute Effects
Our goal in responder and public safety is to
Prevent acute effects
Minimized stochastic effects
Ensure than any action weighs the risks and benefits so that the benefits outweigh the risks.

Now lets put the responder dose guidelines into perspective
Click
You can see the occupational worker / general dose guideline 5 rem dose Is below the range at which stochastic effects have bee observed.
Click
Here you can see the emergency worker guidelines are still below acute effects, but get into the cancer risk area…
But it is still relatively low risk, 10 rem is presumed to have ~ 0.5% increase cancer rate over the natural (unexposed) cancer fatality of about 20%.


http://www.unscear.org/unscear/en/publications/booklet.html?print
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Radiation is energy; Contamination is material

 Exposure to Radiation will not contaminate 
you or make you radioactive.

Contamination is loose radioactive material 
spilled someplace you don’t want it.

Radioactive contamination emits radiation.

Contact with Contamination can 
contaminate you with the material.

External Contamination

Image Credit: Department of Energy Transportation Emergency Preparedness Program Training



19
LLNL-PRES-862164

Radiation is energy given off by unstable atoms and some 
machines.

Radioactive material contains unstable atoms that give off 
radiation when they “decay.”

Contamination is unsealed (loose) radioactive material spread 
someplace where you don’t want it.

Being exposed to radiation does not make you radioactive 

Summary of Radiation Hazards (1 of 2) 

11/25/2025

Presenter Notes
Presentation Notes
Narrative:  Read the slide
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Radiation damages our cell’s DNA, fortunately our body has very 
efficient repair mechanisms.

 Large acute doses of radiation (more than 1,000 mSv) can cause 
sickness or even death.  The severity of the effects are 
proportional to the dose.

All exposures to presumed to increase the risk of cancer.  The 
amount of “increased risk” is proportional to exposure.

Summary of Radiation Hazards (2 of 2) 

11/25/2025

Presenter Notes
Presentation Notes
Narrative:  Read the slide
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Radioactive Contamination is Highly Dangerous and Requires 
Extraordinary Protective Measures

Quiz: Evaluate the Following Statement

Presenter Notes
Presentation Notes
There are a number of  public health myths around contamination.  Let see what the national and international scientific community has to say about them.
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Fact 1

“Skin or wound contamination is never immediately life threatening to 
affected people or medical personnel” 
~ International Commission on Radiological Protection, report # 96
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Decontamination of the Patient is the Highest 
Medical Priority

Quiz: Evaluate the Following Statement
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Fact 2

“rescue and medical emergencies take precedence over 
radiological concerns” 

“..radioactive material contamination rarely represents an 
immediate danger to the health of the victim or the responder. This 
reduces the immediacy of the need for decontamination and allows 
the emergency response community greater flexibility in selecting 
decontamination options”
~ National Council on Radiation Protection and Measurements, Commentary # 19
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You need “special skills” to handle radioactive 
patients

Quiz: Evaluate the Following Statement
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Fact 3

• Radioactivity can be easily and immediately measured 
with radiation meters (e.g., Geiger counters) are needed.

• They are easy to use
• Many hospitals already have them
• Most fire departments now have meters

• Contamination surveys are easily taught and easily 
performed

“Universal precautions (i.e., standard hospital personal protection 
procedures) in the emergency room are generally sufficient for treatment of 
victims of nuclear and radiological incidents”
~ National Council on Radiation Protection and Measurements, Commentary # 19
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Potassium Iodine (KI) Blocks 
Radiation from Nuclear 

Detonations

Quiz: Evaluate the Following Statement
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• Potassium Iodine (KI) only reduces the absorption 
of radioactive Iodine into thyroid.

• For a Nuclear Detonation, radioactive Iodine is NOT a 
significant hazard compared to external radiation.

• KI can be effective for nuclear power plant accidents 
which are more likely to release significant quantities of 
radioactive iodine (among other radionuclides).

• When a person takes KI, the stable iodine in the 
medicine gets absorbed by the thyroid, the thyroid gland 
becomes “full” and cannot absorb any more iodine, 
stable or radioactive.  It is most effective when taken 
just before inhaling or ingesting radio-iodine, 
embargoing contaminated foodstuffs can be just as 
effective.

Get the (KI) Facts!
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Radiation Exposures (mGy or mSv)
H

ig
h 

D
os

e Acute injury or death and higher risk of cancer later in life
10,000 Likely fatal within days

6,000 With medical care, would kill 50% of people within 60 days
4,000 Without medical care, would kill 50% of people within 60 days
1,000 Mild signs of Acute Radiation Syndrome.  5% increased cancer risk

M
od

er
at

e No Immediate symptoms. Increased risk of cancer later in life
500 NCRP Decision dose for withdrawing responders
250 EPA reference level for life saving activities
100 Cancer risk statistically observable

Lo
w

 D
os

e

No symptoms. No detectable cancer risk
75 Whole Body CT Medical Exam (average)
50 Annual radiation worker reference level (US)
20 Average annual worker reference level (IAEA)

3 Average annual US background radiation dose
0.03 Chest x-ray

Doses are often in mGy for Moderate/High Dose, & mSv for Low Dose. For external photon radiation, 1 mGy ~ 1 mSv

Radiation Expo  

H
ig

h 
D

os
e Acute injury or death and hig       

1000 Likely fatal within days
600 With medical care, woul        
400 Without medical care, w        
100 Mild signs of Acute Radi       

M
od

er
at

e No Immediate symptoms. In       
50 NCRP Decision dose for  
25 EPA reference level for li   
10 Cancer risk statistically 

Lo
w

 D
os

e

No symptoms. No detectab   
7.5 Whole Body CT Medical  

5 Annual radiation worker   
2 Average annual worker r   

0.3 Average annual US back   
0.003 Chest x-ray

Doses are often in rad for Moderate/High Dose, & rem fo            

Presenter Notes
Presentation Notes
Strom, D. (2003). Health Impacts from Acute Radiation Exposure. Richland, WA: Pacific Northwest National Laboratory 
CT Exam from The DOE Ionizing Radiation Dose Ranges Chart 

Sugarman, S., Goans, R., Garrett, A., & Livingston, G. (2013). The Medical Aspects of Radiation Incidents. Oak Ridge, TN: Department of Energy/Oak Ridge Associated Universities 

ARS results from external exposure to TBI (or at least 60% of the body) doses of 1 Gy or more of penetrating radiation delivered at a high dose rate (at least 1 Gy in 5 minutes or less) (Sugarman, Goans, Garrett, & Livingston, 2013) (REMM, 2013). Personnel exposed to whole-body irradiation above about 0.50 Gy may display symptoms of nausea, anorexia, fatigability, weakness, and headache. There is no well-established threshold dose for ARS. It has been defined as 0.50 Gy in some references (Young, 1987a) and 0.70 Gy in others (CDC, 2005), with mild symptoms possibly occurring as low as 0.30 Gy. Others prefer 1.0 Gy (Sugarman, Goans, Garrett, & Livingston, 2013) (AFRRI, 2009) with doses less than this considered as subclinical. 

The true LD50 is not known. The CDC (CDC, 2005) gives a range of 2.5-5.0 Gy for the LD50/60 (median lethal dose within 60 days); the low end is due to the experience in Japan, where many people in the general population were ill and not well nourished owing to the effects of the war. (One reference, using Hiroshima-based data, even calculated a dose as low as 1.54 Gy (Rotblat, 1986).) 
(Strom, 2003) have estimated a dose of over 4 Gy (6 Gy with treatment). 

Astronauts are exposed to approximately 72 millisieverts (mSv) while on six-month-duration missions to the International Space Station (ISS)
Astronauts on a six-month mission to the ISS typically receive doses of 80 to 160 millisieverts (mSv), varying with solar activity, with higher doses during solar minimum due to galactic cosmic rays (GCRs)

Crews aboard the space station receive an average dose of 80 mSv (millisievert ; a unit to quantify the amount of radiation absorbed by the body) for a six-month stay during solar cycle maximum, and an average of 160 mSv for a six-month stay during solar cycle minimum
NASA/MSFC, 2017 - Space faring: The radiation challenge - https://www.nasa.gov/wp-content/uploads/2017/04/radiationchallenge.pdf?emrc=ba69fb
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