Module 1:			Radiological Fundamentals


Terminal Objective:

Given various radiological concepts, the participant will be able to define the fundamentals of radiation, radioactive material, and radioactive contamination in accordance with the approved lesson materials.

Enabling Objectives:

The participant will be able to select the correct response from a group of responses to verify his/her ability to:

EO1 	Identify the three basic particles of an atom.
EO2	Define radioactive material, radioactivity, radioactive half-life, and radioactive contamination.
EO3	Identify the units used to measure radioactivity and contamination.
EO4	Define ionization and ionizing radiation. 
EO5	Distinguish between ionizing radiation and non-ionizing radiation.
EO6	Identify the four basic types of ionizing radiation and the following for each type:
a.	Physical characteristics
b.	Range
c.	Shielding
d.	Biological hazard(s)
e.	Sources at the site
EO7	Identify the units used to measure radiation.
EO8	Convert rem to millirem and millirem to rem.

Instructional Aids:

1.	Student Guide
2.	Transparencies
3.	Activities (as applicable)
4.	Self-check quizzes (as applicable)
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I.	MODULE INTRODUCTION																																																																																																																																																																																																																																																																																																																																																																																																																																																																										

A.	Self Introduction	

1.	Name
2.	Phone Number
3.	Background	

B.	Module Overview	

Nuclear science is truly a product of the 20th century.  This module will discuss several nuclear science topics at a basic level appropriate for the radiological worker.  These concepts are necessary for the worker to understand the nature of radiation and its potential effect on health.  The topics covered include basic particles of the atom, types of radiation, and the definition of units used to measure radiation.

C.	Objectives Review	

D.	Introduction	

This module introduces the worker to basic radiological fundamentals and terms that are common in the DOE complex.  After learning the fundamentals of radiation, radioactive material, and radioactive contamination, the worker will build from the basic to the more in-depth concepts presented in the other modules.

II.	MODULE OUTLINE	

A.	Atomic Structure	

1.	The basic unit of matter is the atom.  The three basic particles of the atom are protons, neutrons, and electrons.  The central portion of the atom is the nucleus.  The nucleus  consists of protons and neutrons.  Electrons orbit the nucleus.

a.	Protons

1)	Protons are located in the nucleus of the atom.

2)	Protons have a positive electrical charge.

3)	The number of protons in the nucleus determines the element.

b.	Neutrons

1)	Neutrons are located in the nucleus of the atom.	

2)	Neutrons have no electrical charge.

3)	Atoms of the same element have the same number of protons, but can have a different number of neutrons.

4)	Atoms which have the same number of protons but different numbers of neutrons are called isotopes.	

NOTE: Common notation for describing isotopes is to list the atomic symbol for an element followed by its mass number.  The mass number is the sum of protons and neutrons.  For example, tritium has 1 proton and 2 neutrons, and is denoted as H-3.

5)	Isotopes have the same chemical properties; however, the nuclear properties can be quite different.

c.	Electrons

1)	Electrons are in orbit around the nucleus of an atom.

2)	Electrons have a negative electrical charge.

3) This negative charge is equal in magnitude to the proton’s positive charge.


Basic Particles

	
3 Basic Particles
	
Location
	
Charge
	
Comments

	
Protons
	
Nucleus
	
+ (positive)
	
Number of protons determines the element.  If the number of protons changes, the element changes.

	
Neutrons
	
Nucleus 
	
No Charge
	
Atoms of the same element have the same number of protons, but can have a different number of neutrons.  This is called an isotope.

	
Electrons
	
Orbit nucleus
	
- (negative)
	
This negative charge is equal in magnitude to the proton’s positive charge.




2.	Stable and unstable atoms

Only certain combinations of neutrons and protons result in stable atoms.

a.	If there are too many or too few neutrons for a given number of protons, the nucleus will not be stable.

b.	The unstable atom will try to become stable by giving off excess energy.  This energy is in the form of particles or rays (radiation).  These unstable atoms are known as radioactive atoms.

3.	Charge of the atom

The number of electrons and protons determines the overall electrical charge of the atom.  The term “ion” is used to define atoms or groups of atoms that have a net positive or negative electrical charge.

a.	No charge (neutral)

If the number of electrons equals the number of protons, the atom is electrically neutral.  This atom does not have a net electrical charge.

b.	Positive charge (+)

If there are more protons than electrons, the atom is positively charged.

c.	Negative charge (-)

If there are more electrons than protons, the atom is negatively charged.


B.	Definitions and Units of Measure	

1.	Radioactive material

Radioactive material is any material containing unstable atoms that emit radiation.  Radiation means ionizing radiation: alpha particles, beta particles, gamma rays, X-rays, neutrons, high-speed electrons, high-speed protons, and other particles capable of producing ions.  Radiation, as used in this part, does not include non-ionizing radiation, such as radio waves or microwaves, or visible, infrared, or ultraviolet light.

2.	Radioactivity

Radioactivity is the process of unstable (or radioactive) atoms becoming stable.  This is done by emitting radiation.  This process over a period of time is referred to as radioactive decay.  A disintegration is a single atom undergoing radioactive decay.

3.	Radioactivity units

Radioactivity is measured in the number of disintegrations radioactive material undergoes in a certain period of time.
a.	Disintegrations per minute (dpm)
b.	Disintegrations per second (dps)
c.	Curie (Ci)

One curie equals:
	2,200,000,000,000 disintegrations per minute (2.2x1012 dpm), or
	37,000,000,000 disintegrations per second (3.7x1010 dps), or
	1,000,000 microcuries (1x106 µCi). 

4.	Radioactive half-life

Radioactive half-life is the time it takes for one half of the radioactive atoms present to decay.

5.	Radioactive contamination

[bookmark: a5]Radioactive contamination is radioactive material that is uncontained and in an unwanted place.   (There are certain places where radioactive material is intended to be.)

Contamination is measured per unit area or volume.

·	dpm/100 cm2
·	µCi/ml.

6.	Ionization

Ionization is the process of removing electrons from neutral atoms.

a.	Electrons will be removed from an atom if enough energy is supplied.  The remaining atom has a positive (+) charge.  The ionized atoms may affect chemical processes in cells.  The ionizations may affect the cell’s ability to function normally.


b.	The positively charged atom and the negatively charged electron are called an “ion pair.”

c.	Ionization should not be confused with radiation.  Ions (or ion pairs) produced as a result of the interaction of radiation with an atom allow the detection of radiation.

7.	Ionizing radiation

Ionizing radiation is energy (particles or rays) emitted from radioactive atoms, and some devices, that can cause ionization.  Examples of devices that emit ionizing radiation are X-ray machines, accelerators, and  fluoroscopes.

a.	It is important to note that exposure to ionizing radiation, without exposure to radioactive material, will not result in contamination of the worker.

b. 	Radiation is a type of energy, and contamination is radioactive material that is uncontained and in an unwanted place.

8.	Non-ionizing radiation

a.	Electromagnetic radiation that doesn’t have enough energy to ionize an atom is called “non-ionizing radiation.”

b.	Examples of non-ionizing radiation are radar waves, microwaves, and visible light.

C.	The Four Basic Types of Ionizing Radiation	

The four basic types of ionizing radiation of concern in the DOE complex are alpha particles, beta particles, gamma or X rays, and neutrons. 

1.	Alpha particles

a.	Physical characteristics

1)	The alpha particle has a large mass and consists of two protons, two neutrons, and no electrons.

2)	It is a highly charged particle (charge of plus two) that is emitted from the nucleus of an atom.

3)	The positive charge causes the alpha particle (+) to strip electrons (-) from nearby atoms as it passes through the material, thus ionizing these atoms.	

b.	Range

1)	The alpha particle deposits a large amount of energy in a short distance of travel.

2)	This large energy deposit limits the penetrating ability of the alpha particle to a very short distance.
 

3)	Range in air is about 1-2 inches.

c.	Shielding

Most alpha particles are stopped by a few centimeters of air, a sheet of paper, or the dead layer (outer layer) of skin.

d.	Biological hazards

1)	Alpha particles are not considered an external radiation hazard.  This is because they are easily stopped by the dead layer of skin.

2)	Internally, the source of the alpha radiation is in close contact with body tissue and can deposit large amounts of energy in a small volume of living body tissue.

e.	Sources 

(Insert facility/site-specific information.)


Table 1-2
Alpha Particles

	
Physical Characteristics
	
·	Large mass  (2 protons, 2 neutrons, 0 electrons).
·	+2 charge.

	
Range
	
·	Very short (about 1-2 inches in air).
·	Deposits large amount of energy in a short
distance of travel.

	
Shielding
	
·	Few centimeters of air.
·	Sheet of paper.
·	Dead layer of skin (outer layer).

	
Biological Hazards
	
·	No external hazard (dead layer of skin will stop
alpha particles).
·	Internally, the source of alpha radiation is in close
contact with body tissue.  It can deposit large amounts
of energy in a small amount of body tissue.

	
Sources
	
Insert facility/site-specific information.




2.	Beta particles

a.	Physical characteristics

1)	The beta particle has a small mass and is positively or negatively charged.   Positively charged beta particles are called positrons and have an electrical charge of plus one.  Negatively charged beta particles are high-energy electrons and have an electrical charge of minus one.

2)	A negatively charged beta particle is physically identical to an electron.

3)	The beta particle ionizes target atoms due to the force between itself and the electrons of the atom.  Both have a charge of minus one.

b.	Range

1)	Because of its charge, the beta particle has a limited penetrating ability.

2)	The range in air of beta particles depends on the energy of the beta particle.  In the case of tritium (H-3), the range is only an inch; in the case of phosphorous-32 (P-32) or strontium-90 (Sr-90), the range is 20 feet in air.

c.	Shielding

Beta particles are typically shielded by plastic, glass, or safety glasses.

d.	Biological hazards

1)	If ingested or inhaled, a beta emitter can be an internal hazard when the source of the beta radiation is in close contact with body tissue and can deposit energy in a small volume of living body tissue.

2)	Externally, beta particles are potentially hazardous to the skin and eyes.

3)	Provide facility/site-specific information on the additional risks or concerns from high-energy beta sources (e.g., P-32, Y-90), as appropriate.

e.	Sources

(Insert facility/site-specific information.)


Table 1-3
Beta Particles

	
Physical Characteristics
	
·	Small mass.
·	-1 charge or + 1 charge.

	
Range
	
·	Short distance (one inch to 20 feet).

	
Shielding
	
·	Plastic.
·	Glass.
·	Safety glasses.

	
Biological Hazard
	
·	Internal hazard (this is due to short range).
·	Externally, may be hazardous to skin and eyes.

	
Sources
	
Insert facility/site-specific information.




3.	Gamma rays/X rays

a.	Physical characteristics

1)	Gamma/X-ray radiation is an electromagnetic wave (electromagnetic radiation) or photon and has no mass and no electrical charge.

2)	Gamma rays are very similar to X rays.  The difference between gamma rays and X rays is that gamma rays originate inside the nucleus and X rays originate in the electron orbits outside the nucleus.

3)	Gamma/X-ray radiation can ionize as a result of direct interactions with orbital electrons.

b.	Range	

1)	Because gamma/X-ray radiation has no charge and no mass, it has very high penetrating ability.

2)	The range in air is very far.  It will easily go several hundred feet.

c.	Shielding

Gamma/X-ray radiation is best shielded by very dense materials, such as lead.  Water or concrete, although not as effective as the same thickness as lead, are also commonly used, especially if the thickness of shielding is not limiting.

d.	Biological hazards

Gamma/X-ray radiation can result in radiation exposure to the whole body.

e.	Sources

(Insert facility/site-specific information.)


Table 1-4
Gamma Rays/X-Rays

	
Physical Characteristics
	
·	No mass.
·	No charge.
·	Electromagnetic wave or photon.
·	Similar (difference is the place of origin).

	
Range
	
·	Range in air is very far.
·	It will easily go several hundred feet.
·	Very high penetrating power since it has no mass and no charge.

	
Shielding
	
·	Concrete.
·	Water.
·	Lead.

	
Biological Hazard
	
·	Whole body exposure.
·	The hazard may be external and/or internal.  This depends on whether the source is inside or outside the body.

	
Sources
	
Insert facility/site-specific information.



4.	Neutrons

a.	Physical characteristics

1)	Neutron radiation consists of neutrons that are ejected from the nucleus.

2)	A neutron has mass, but no electrical charge.

3)	An interaction can occur as the result of a collision between a neutron and a nucleus.  The nucleus recoils due to the energy imparted by the neutron and ionizes other atoms.  This is called “secondary ionization.”

4)	Neutrons may also be absorbed by a nucleus.  This is called neutron activation.  A charged particle or gamma ray may be emitted as a result of this interaction.  The emitted radiation can cause ionization in other atoms.

b.	Range

1)	Because of the lack of a charge, neutrons have a relatively high penetrating ability and are difficult to stop.

2)	The range in air is very far.  Like gamma rays, they can easily travel several hundred feet in air.

	
c.	Shielding

Neutron radiation is best shielded by materials with a high hydrogen content such as water, concrete, or plastic.

d.	Biological hazards

Neutrons are a whole body hazard due to their high penetrating ability.

e.	Sources

(Insert facility/site-specific information.)

	Table 1-5
Neutrons

	
Physical Characteristics
	
·	No charge.
·	Has mass.

	
Range
	
·	Range in air is very far. 
·	Easily can go several hundred feet.
·	High penetrating power due to lack of charge (difficult to stop).

	
Shielding
	
·	Water.
·	Concrete.
·	Plastic (high hydrogen content).

	
Biological Hazard
	
·	Whole body exposure.
·	The hazard is generally external.

	
Sources
	
Insert facility/site-specific information.



D.	Units of Measure for Radiation	

1.	Roentgen (R)

a.	Is a unit for measuring external exposure.

b.	Defined only for effect on air.

c.	Applies only to gamma and X rays.

d.	Does not relate biological effects of radiation to the human body.

e.	1 R (Roentgen) = 1000 milliroentgen (mR).


2.	Rad (Radiation absorbed dose)

a.	A unit for measuring absorbed dose in any material.

b.	Is defined for any material.

c.	Applies to all types of radiation.

d.	Does not take into account the potential effect that different types of radiation have on the body.

e.	1 rad = 1000 millirad (mrad).

3.	Rem (Roentgen equivalent man)

a.	A unit for measuring equivalent dose.

b.	Is the most commonly used unit.

c.	Pertains to the human body.

d.	Equivalent dose takes into account the energy absorbed (dose) and the biological effect on the body due to the different types of radiation.

	The Radiation Weighting Factor (RWF) is used as a multiplier to reflect the relative amount of biological damage caused by the same amount of energy deposited in cells by the different types of ionizing radiation.  Alpha  radiation ionizes a lot of atoms in a very short distance and, for the same amount of energy deposited as beta or gamma radiation, is more damaging.   
		Rem = 	rad x 	RWF.

	Note: Prior to 2007, when DOE updated its dosimetric models and terminology, DOE used a Quality Factor (QF).   The quality factor was applied to the absorbed dose at a point in order to take into account the differences in the effects of different types of radiation.  Now, for radiological protection purposes, the absorbed dose is averaged over an organ or tissue and this absorbed average dose is weighted for the radiation quality in terms of the radiation weighting factor.    

	Radiation Weighting Factors:

	alpha 		= 20
	beta 		= 1
	gamma/x-ray 	= 1
	neutron		= 5-20(depending on the energy) 

e.	1 rem = 1,000 millirem (mrem).


4.	Radiation dose and dose rate
	
a.	Radiation dose rate is the dose per time.

b.	Example:

1)	Radiation dose rate = dose/time.

2)	Radiation equivalent dose rate = mrem/hr.

3)	Radiation absorbed dose rate = mrad/hr.


	Table 1-6
Radiation Units

	
Roentgen (R)
	
Rad
(Radiation Absorbed Dose)
	
Rem
(Roentgen Equivalent Man)

	
Unit for measuring exposure.
	
Unit for measuring absorbed dose in any material.
	
Unit for measuring dose equivalence (most commonly used unit).

	
Defined only for effect on air.
	
Defined for any material.
	
Pertains to human body.

	
Applies only to gamma and X-ray radiation.
	
Applies to all types of radiation.
	
Applies to all types of radiation.

	
Does not relate biological effects of radiation to the human body.
	
Does not take into account the potential effect that different types of radiation have on the body.
	
Takes into account the energy absorbed (dose) and the biological effect on the body due to the different types of radiation.

Equal doses of different types of radiation (as measured in rad) can cause different levels of damage to the body (measured in rem).




III.	SUMMARY	

(Insert facility/site-specific information.)

IV.	EVALUATION	

(Insert facility/site-specific information.)



