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RADIATION HAZARDS
1

IONIZING AND NON-IONIZING RADIATION HAZARDS

The following Procedure discusses the principles of ionizing and non-ionizing radiation, three types
of ionizing and non-ionizing radiation, and human health effects of ionizing and non-ionizing
radiation exposure.
1.1

Principles of Ionizing and Non-Ionizing Radiation

An environment is considered radioactive if it contains ionizing and'or non-ionizing radiation at
levels that affect the health and safety of workers or the general public. The health effects of
overexposure to ionizing and non-ionizing radiation are well defined and can be classified as acute
(short-term) or chronic (long-term). Ionizing and non-ionizing radiation health and safety hazards
may be classified as having the potential for either external and/or internal exposure. The
magnitude of the hazard is partially based on the location of the source radioactive materials and/or
radioactive contamination in relation to the exposed individual.
External ionizing and non-ionizing radiation health and safety hazards are posed by 13 particles and
y rays and are usually outside of the body. External ionizing and non-ionizing radiation comes
directly from the ionizing and non-ionizing radiation source or from contaminated equipment,
clothing, or the person himself or herself. External ionizing and non-ionizing radiation exposures
may or may not involve physical contact with radioactive materials and/or radioactive
contamination. Radioactive contamination is controlled by preventing potential contact or by
quickly removing it via personal radioactive decontamination.
Neutrons are a non-ionizing type of nuclear radiation and produce damage to the human body by
displacement and/or disruption of chromosomes, Ribonucleic Acid (RNA), Deoxyribonucleic Acid
(DNA), atoms and molecules. The displacement/disruption products are harmful to the body.
Additionally, neutrons in the body also form neutron activated radioactive isotopes which irradiate
essentially all molecules/atoms in the body. Very high neutron doses (such as, from a neutron
bomb nuclear weapon) can quickly kill human beings.
Neutrons can be emitted by:
* (cc, n) reaction
* (y, n) reaction
* Spontaneous Fission
All of the above reactions occur in Weapons Grade (WG) Plutonium (Pu). WG Pu consists of 95%
Pu-239, other isotopes of Pu and trace amounts of Am-24 1. Neutrons could be the predominant
emissions from some covered (e.g., asphalt) Low Level Waste (LLW) burial sites which have
substantial WG Pu mixed in with soil.
The potential for external exposure decreases when one leaves the radiation area immediately or
when the source material is removed or adequately shielded. Internal ionizing and non-ionizing
radiation exposures result from the entry into the body of radioactive material by inhalation of
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airborne radioactivity, or through radioactive contamination of the body with radioactive materials
by ingestion or dermal absorption of the sources. In addition to Bparticle and y ray emitters, a•
particle emitters also represent an exposure hazard when deposited internally.
Internal ionizing and non-ionizing radiation exposures refer to radiation from radioactive sources
that enter and irradiate the body from inside until it is eliminated or decays radioactively.
Protective methods for this type of ionizing and non-ionizing radiation are prevention of entry into
the body and elimination of any radioactive material that has entered the body.
Medical procedures, such as the administration of chelating agents, lung lavage, and gastric lavage,
may reduce the body's burden of radioactive materials and/or radioactive contamination, although
the procedures themselves are risky. Medical intervention to reduce the body's burden of
radioactive materials are not recommended, except in extreme exposure situations.
Internal ionizing and non-ionizing radiation exposures continue until the radioactive materials
and/or radioactive contamination are eliminated by the body's normal metabolic processes or the
material's activity decays to negligible levels. Those radionuclides, such as Lead-210 (210Pb), that
are systematically fixed within specific organs of the body (e.g., bone, lung, and thyroid) are greater
internal ionizing and non-ionizing radiation health and safety hazards because of their longer
residence time within the body before elimination.
Since reducing the body's burden by means other than biological turnover or radioactive decay is
impractical, radionuclides, such as 2'°Pb, with long half-lives that remain in the body for long
periods of time (i.e., 1 year) are considered very hazardous to human health. All such exposures
should be avoided, and preventive ionizing and non-ionizing radiation protection practices and
work methods and appropriate Personnel Protective Equipment (PPE) should be used to preclude
exposure.
The type and quantity of radioactive materials at Vista project work sites are determined through a
site history and current surveys. Activities at operating facilities are regulated under federal or state
authority, and the presence of radioactivity is usually documented in current site files. Radiological
conditions may not be well known at facilities that are abandoned, have had marginal maintenance,
or have had limited surveillance.
At VISTA project work sites where ionizing and non-ionizing radiation health and safety hazards
are known or suspected to be present, assistance will be sought from the Vista Radiation Safety
Officer (RSO) in preparing the Quality Assurance Program Plan (QAPP). Prior to the start of a
Vista project, Vista and client personnel will discuss the types and amounts of exposure anticipated
to be encountered in the performance of the work.
The RSO will decide on specific criteria and procedures appropriate to the VISTA project,
including the selection of the Vista On-Site Radiation Protection Officer (ORPO) and On-Site
Health and Safety Officer (OHSO). Any conclusions by the Vista RSO will be recorded by letter
between the cognizant parties. Any ionizing and non-ionizing radiation health and safety hazards
and procedures for the evaluation and control of ionizing and non-ionizing radiation hazards will be
detailed in the applicable Health and Safety Plan (HSP).
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Airborne radioactive particulates can be inhaled or ingested into the body. Radioactive particulates
may also enter the body through cuts and abrasions, i.e., injection. With the exceptions of tritiated
water, certain radio-organics used in research, and certain radiopharmaceuticals, radioactive
materials are not absorbed significantly through the skin. Exposed skin that has dermatitis,
abrasions, or cuts will absorb radioactive materials more easily than intact skin.
Once the presence of specific radioactive materials and/or radioactive contamination is established,
comparing field measurements to applicable federal standards and guidelines will assess the hazard.
The regulatory basis for limits for exposure to ionizing and non-ionizing radiation are found in the
International Commission on Radiological Protection (ICRP) publication 26, "Recommendations
of the International Commission on Radiological Protection," and ICRP publication 30, "Limits for
Intakes of Radionuclides by Workers."
As adopted by 10 CFR 20, these guidelines are as follows:
"

Annual Limit on Intake (ALl) - "The quantity of a single radionuclide which, if inhaled
or ingested in 1 year, would irradiate a person, represented by reference man (ICRP
Publication 23) to the limiting value for control of the work place"; and

"* Derived Air Concentration (DAC) - "Quantity obtained by dividing the ALl for any
given radionuclide by the volume of air breathed by a reference man during a working
year." The DAC for a given radionuclide is a derived limit and is the activity
concentration of that radionuclide in air in activity per volume of air, which, if breathed
by a reference man would result in a concentration that, for 2000 hours of air emission,
would lead to irradiation of any body organ or tissue to the appropriate limit. It is
expected that the ICRP recommendations will be adopted shortly by Occupational
Safety and Health Administration (OSHA).
1.2.

Types of Ionizing and Non-Ionizing Radiation

When the coulombic forces (repulsive forces due to the positive charges of protons) are sufficient to
overcome the nuclear forces (that hold the nucleus together, also known as "nuclear glue"), excess
energy is emitted from the nucleus in the form of electromagnetic waves or rays and/or high
velocity particles.
Three types of radiation are of major concern:
"

cctparticles - Particles consisting of two protons and two neutrons bound together with
an electrical charge of plus 2. ct particles are identical to helium nuclei that have a large
amount of translational (kinetic) energy.

"

Bparticles - Particles with a single electrical charge and high kinetic energy. 1 particles,
when negatively charged, are identical to electrons.
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y rays - High energy, short wavelength, electromagnetic radiation. Other types of
electromagnetic radiation include visible light, ultraviolet light, and radar.

After the emission of an a particle or B particle (but not y ray radiation), the original atom is
transformed or transmuted into an atom of a different element called a daughter product. The
daughter product may or may not be radioactive.
By the process of ionization, ionizing and non-ionizing radiation interact with the electrons
surrounding the nucleus of the atoms or molecules that compose the material through which the
ionizing and non-ionizing radiation is traveling. This process creates ion pairs, positively charged
atoms or molecules and electrons. Through a series of many ionizing and non-ionizing radiation
interactions, each consuming an average of about 33 electron volts per ion pair, the ionizing and
non-ionizing radiation loses its initial energy. In the case of x and Bparticles, this occurs after loss
of all velocity.
If an a particle picks up two electrons, it becomes a helium atom. An electron loses its velocity
(kinetic energy) and becomes a free electron. y ray radiation is eventually degraded and finally
absorbed.
The various types of ionizing and non-ionizing radiation differ in their ability to penetrate matter as
shown below.
Table 1-1 - Energy of Ionizing and Non-Ionizing Radiation
Type of
-Radiation
cc particles
13 particles

•Ditance Tr Si:feleirdin
'
i
Air
Less than 1 inch
Several inches

y Rays

Hundreds of feet

Ion
Pairs In I
Ce~eiiýShiel:ding;
of AirShie.d.g
.Centimeter
Hundreds
A sheet of paper
Hundreds
1/16 inch of aluminum
foil
I to 2
2 feet of solid aluminum

I Millielectronvolt (meV)

1.3.

Human Health Effects of Ionizing and Non-Ionizing Radiation Exposure

There are two principle mechanisms by which ionizing and non-ionizing radiation interact with
living tissue. The first is the direct effect where the energy of ionizing radiation is transferred
directly to the molecule of interest, and the second, theindirect effect where the directly affected
molecule transfers its energy to another molecule. In biological systems, the direct effect is usually
chromosomal damagewhile the indirect effect is radiolysis of water and then oxidation, the
formation of Hydrogen Peroxide (H20 2 ) and free radicals throughout the body.
Ionizing radiation interacts with atoms in the body in the same way that it does with all other
matter, that is, by ionization. The effect of ionizing radiation in living tissue is generally assumed
to be almost entirely due to the ionization process that destroys the capacity for reproduction or
division in some cells or causes mutation in others. The human body constantly produces new cells
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to replace those that have died or been damaged. The body has the capability for repairing cell
damage. In order to survive, cell damage must be kept within the capabilities of the body's repair
system.
Ionizing radiation strips electrons from atoms and breaks chemical bonds between atoms. A simple
molecular structure, such as water, will recombine after ionization. This, however, is not the case
in a complicated living cell. Here, ionization may give many possible atomic combinations. The
rupture of a few bonds in the elaborate structure of the molecules of the living cell appears to be
particularly sensitive.
The term "dose" is generally used to express a measure of ionizing and non-ionizing radiation that a
body or other material absorbs when exposed in a radiation field. Radiation field is defined as the
intensity of the ionizing and non-ionizing radiation to which a body or material is subjected. The
effects of radiation can be somatic, i.e., injury to the individual and/or genetic, i.e., changes passed
on to future generations.
Radionuclides that have entered the body through inhalation or ingestion, present a special hazard.
Once inside the body, the radionuclides are absorbed, metabolized and distributed throughout the
tissues and organs according to their chemical properties. Their effects on organs or tissues depend
on the type and energy of the ionizing and non-ionizing radiation and residence time within the
body. The following sections discuss somatic health effects and genetic health effects of exposure
to ionizing and non-ionizing radiation.
1.3.1

Somatic Health Effects

Somatic health effects are biological effects of ionizing and non-ionizing radiation that are
expressed in the exposed individual. The somatic health effects of radiation can be divided into
prompt effects and delayed effects. Prompt effects are observed shortly after an individual receives
an acute ionizing and/or non-ionizing radiation dose, (e.g., a very large dose received in a very short
time period).
Prompt health effects are associated with a threshold, e.g., if the ionizing and/or non-ionizing
radiation dose is below a certain level, no effect is noticed, but if the dose exceeds that level, most
people suffer an effect. Delayed effects can result from an acute ionizing and/or non-ionizing
radiation dose, and are the major effects of a chronic radiation dose. A chronic radiation dose is
continuous or repeated exposure of an individual to ionizing and non-ionizing radiation at low dose
rates over a long period of time. The biological effects of whole-body ionizing and non-ionizing
radiation exposures are presented in the table below.
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Table 1-2 - Biological Effects of Whole-Body Ionizing and Non-Ionizing Radiation Exposures
Type of Exposure

Quantity

Biological Effects

(mrem)

Jet plane travel

I

Currently, the amount of low level radiation a person receives can be
measured, but cannot be related to the effects on the body.

Television
Food, Water, Air
Housing Wood
Housing Brick
Housing Stone
Chest x-ray
Dental x-rays
Gastrointestinal tract
x-ray
Lifetime dose from
natural background

I
25
35
45
50
50
80
210
10,000

Because this data is inclusive, the effects of low level radiation are
assumed to be directly related to the total amount received.
100 cases of cancer per million persons exposed. Lifetime dose.
100 cases of cancer per million persons exposed. Lifetime dose.
100 cases of cancer per million persons exposed. Lifetime dose.
100 cases of cancer per million persons exposed. Lifetime dose.
100 cases of cancer per million persons exposed. Lifetime dose.
100 cases of cancer per million persons exposed. Lifetime dose.
100 cases of cancer per million persons exposed. Lifetime dose.
No effect on normal life spans. Natural back ground radiation of 300
mrems per year

radiation.

Table 1-3 - Biological Effects of Whole-Body Ionizing and Non-Ionizing Radiation Exposures

(Cont'd)
Type ofExposure
_________

Accidental exposure to
Co-60 Source(s), or
flash X-ray machine or

Quantity

~(mrem)

Biological Effets
_

_

_

_

_

_

_

_

_

_

_

_

_

25,000

Radiation effects detectable only by laboratory examination; decrease in
white blood cells and platelets if background information is available prior to
exposure.

50,000

Possible radiation sickness; headache; dizziness; malaise; nausea; vomiting;
diarrhea; decrease in blood pressure; irritability and insomnia.
Possible radiation sickness; little or no life shortening.

similar nuclear incident

Accidental exposure to
gamma or neulron beam
Accidental exposure to
weapons effect simulator
Criticality Accident or
similar nuclear incident;
high radiation zones,
e.g., nuclear cleanup
Critically Accident Exposure to high
radiation areas, e.g.,
Chernobyl
Critically Accident or exposure to nuclear
weapon blast
mrems = Millirems

100,000
250,000

450,000

1,000,000

Acute radiation sickness; few or no deaths and significant life shortening.
Radiation sickness includes vomiting, diarrhea, loss of hair, nausea,
hemorrhaging, fever, loss of appetite and general inalaise. Recovery (if no
complications) is about three months.
Half of those exposed will die within 30 days. Recovery with some
permanent impairment of the other 50 percent.
Death within 30 days.
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Genetic Health Effects

Chronic effects may result from long-term exposures (many years) to levels of ionizing and non
ionizing radiation below the acute lethal dose (less than 450 rems.) These effects include induction
of cancer and genetic mutations. Based on recent research, an external y ray dose of 15 rems would
increase the potential of dying from cancer by approximately 1-percent. The same dose, if due to cc
particles in the lungs, would also result in approximately a 1- percent increase in the chance of
dying of lung cancer.
The average person receives an ionizing and non-ionizing radiation dose of approximately 0.30 rem
per year from natural sources and medical tests. No significant effects have been demonstrated in
people at dose rates of less than 5 rems per year.
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