UNDERSTANDING
RADIATION

IN OUR Wom




COVER 2



UNDERSTANDING
RADIATION
IN Our WORLD

National Safety Council’s Environmental Health Center
1025 Connecticut Ave., NW Suite 1200
Washington, DC 20036
202/293-2270
http://www.nsc.org/ehc.htm



A Publication of the
National Safety Council’s Environmental Health Center
1025 Connecticut Ave., NW Suite 1200
Washington, DC 20036

National
Safety
Council”

This guidebook was produced with funds from the U.S. Environmental Protection Agency
under cooperative agreement no. 82486201. The contents of this document do not neces-
sarily reflect that agency’s views or policies.

Permission to reproduce portion of this guidebook is granted with use of the accompanying
credit line: “Reproduced from Understanding Radiation in Our World, with permission
from the Environmental Heath Center of the National Safety Council.”

This guide benefited substantially from prepublication review by a range of experts, but
their review does not necessarily connote their or their organizations’ endorsement of or
support for all aspects of this guide.

For information on ordering additional copies of this guide or copies of the supplemental
materials, please visit the Environmental Health Center website:

http://www.nsc.org/ehc/rad.htm or call 202/293-2270.

&

Printed on recycled paper.




UNDERSTANDING RADIATION IN OUR WORLD

Table of Contents

Preface .. ... .. .. 7
Introduction . ... ... ... .. ... 9
Radiation as Part of OQur Everyday Lives . .. ............. ... ... ..... 9
Dangers of Radiation . ............ .. i 9
About this Guidebook . ...... ... . . 10
Chapter |:What is the Nature of Radiation? ......................... 11
Energy . ..o 11
Types of Radiation . ....... ... 11
Structure of ATOMS .« « v vt vttt e e 12
Effects of Ionizing Radiation on Atoms .. ............coinin.... 13
Forms of lonizing Radiation . .......... ... .. ... ... 13
Radioactive Decay . .....ovi i 13
Half-Life . . . oo 14
Types and Sources of lonizing Radiation . .......... .. ... .. .. ... .. 14
Chapter 2: Where Does Radiation Come From? ................. .. ... 17
Sources of lonizing Radiation .. ........ ... .. ... ... i 17
Measuring Radiation Exposure ... ....... .. ... . . . . .. 17
Natural SOUTCES .« . vttt 18
Manmade Sources . ... .. ... 19
Sources of Nonionizing Radiation . ............... ... ... ... ... 21
Chapter 3:What are the Benefits and Risks of lonizing Radiation? ...... 25
Benefits of lonizing Radiaton .. .......... ... ... ... .. ... ... .. ... 25
Medical Uses . ..o it i 25
Industry ..o 27
Nuclear Power . ... ..o 28
Agriculture . ... o 29
Food Irradiation . .. ...t 29
Consumer Products . ... 31
The Space Program .. ... . . 31
SeaPower . ... 31
Research . .. ..o 31
The Risks of Ionizing Radiation . ........... ... ... .. ..., 32
Measuring Human Exposure .. ... .. ... . i 32




UNDERSTANDING RADIATION IN OUR WORLD

Studying Radiation’s Effects on Humans . ......................... 33
Human Health Effects of lonizing Radiation ....................... 33
Health Effects of Radon . ........ ... 37
Radiation-Related Health Effects from Living
Near Nuclear Power Plants . ........ ... .. ... . . ... .. ... .. 39
Accidental Releases .. ...t 39
Determining Your Exposure .. ....... ... .. i i 40
Determining Levelsof Risk ......... ... ... .. ... .. .. . .. .. .. ... 41
Balancing the Benefits and Risks of Radiation ...................... 43
Governmental Risk Assessments and Standards . .................... 43
Individual Judgments .. .......... . . .. 43
Society’s Judgments, Proand Con . .......... ..., 43
Future Prospects for Nuclear Power . ........ ... .. ... ... .. .. .. 44
Chapter 4: How Are Radioactive Wastes Managed? . ................... 45
Radioactive Waste Disposal .......... . .. .. . i i 45
The Search for Permanent Disposal Solutions . ..................... 45
Radioactive Waste Cleanup .. ........ . .. v 51
Transporting Radioactive Waste . ... ... 55
Chapter 5: How Is the Public Protected From Radiation? .............. 57
Government Responsibilities in Protecting the Public ................ 57
How You Can Limit Your Radiation Exposure . ..................... 58
Government Controls on Exposure to Radiation .................... 59
Controlling Medical Exposures . ... ... 60
Controlling Exposure toRadon . ............ ... ... ... ... .. ..., 61
Monitoring Radiation Levels in the Environment ................... 62
Controlling UV Radiation Exposure . ............. .. ... .. ........ 62
Controlling Occupational Exposures . ........... .. ... ... ... ... 62
Responsible Federal Agencies ... ....... ..o 65
Federal, State and Local Government Functions .................... 67
Other Roles in Managing Radiation .. ............................ 69
Appendices
Appendix A: Glossary of Radiation Terms .............................. 73
Appendix B: List of Acronyms . . ............. . 81
Appendix C: Additional Resources and References .. ...................... 83

Appendix D: Brief Chronology of Radioactive Materials and Radioactive Waste
in the United States . . ... .. . 93

Appendix E: Major Uses of Radioisotopes .. ............................. 97




UNDERSTANDING RADIATION IN OUR WORLD

Preface

“Radiation.” What images come to our minds?

v’ “Duck and cover” drills in schools in the 1950s, and orders to scurry
under our desks.

v/ Waste drums and protests over waste disposal sites.

v/ Radon, the naturally-occurring radioactive gas present in many
homes across the country.

v’ Medical X-rays or radiation therapy for cancer.

v/ Ultraviolet radiation from the sun.

These are just a few examples of radiation, its sources, and uses.

Radiation is part of our lives. Natural radiation is all around us and manmade radiation ben-
efits our daily lives in many ways.

Yet radiation is complex and often not well understood. Understanding radiation and its risks
and benefits can help us—as individuals and as a society—to make informed decisions about
the use of radiation and actions to protect ourselves from possible harm.

Understanding Radiation in Our World attempts to explain the basics of radiation and some of
its potential complexities and nuances, and to provide some perspective on its potential risks
and benefits. The Guide has a companion set of videos: “A Look at Radiation” and
“Managing Radiation.”

This guide is one of the continuing series of “plain talk” guides produced by the National
Safety Council's Environmental Health Center (EHC). The goal of the series is to help the
public better understand, and therefore better manage, some of the leading environmental
risks we face day in and day out.

Bud Ward
Executive Director, Environmental Health Center
National Safety Council

March 2001




BLANK



UNDERSTANDING RADIATION

IN OUR WORLD

Introduction

Radiation as a Part of Our
Everyday Lives

Radiation is all around us, every minute of
every day. Some radiation is essential to life,
such as heat and light from the sun. We
could not exist without it. Some radiation
informs and entertains us, through video
signals and sounds from television sets and
radios. As used in medicine, radiation helps
us diagnose and treat diseases and save
lives. Yet it can also pose serious risks.

Radiation is energy that comes from both
natural sources, and manmade sources that
provide many of the conveniences and
necessities of modern living.

Natural Radiation

We are exposed to radiation from numerous
natural background sources: the atmos-
phere, soil and water, food, and even our
own bodies. On average, much more of

our exposure to radiation comes from

these natural sources than from manmade
sources.

Manmade Radiation

A smaller but increasing amount of the
radiation we are exposed to is manmade.
Modern technologies, for example, use radi-
ation to:

e Diagnose and treat medical problems
e Communicate over long distances

e Generate electricity for our domestic and
industrial needs

e Eliminate harmful bacteria from food

e Conduct basic and applied research

Dangers of Radiation

Managing exposure to radiation is a major
concern to citizens and government offi-
cials in the United States and around the
world.

e Excessive exposure to high-energy (ion-
izing) radiation can trigger changes in
body cells leading to cancer, birth
defects, and—in extreme cases—cata-
strophic illness and death.

e Too much exposure to the sun’s rays can
damage eyes and burn skin, causing
cataracts or cancer.

Several events and circumstances continue
to influence public perceptions about radi-
ation dangers.

e Pictures and stories of the terrible effects
of massive radiation doses to the people
of Hiroshima and Nagasaki have created
a lasting fear of radiation.

e Development and testing of nuclear
weapons have left a legacy of pollution
that in the United States alone will take
decades and billions of dollars to clean
up.

e Accidents at two nuclear power plants—
Three Mile Island in Pennsylvania and
Chernobyl in the former Soviet
Union—introduced the term “melt-
down” to popular culture and raised con-
tinuing questions about the safety of
nuclear power.

Introduction

Dangers of
Radiation
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In addition, uncertainties remain about the
safe disposal of spent fuel from nuclear
power plants and other high-level radioac-
tive waste.

About this Guidebook

This guidebook provides information on:
e The nature and sources of radiation

e Benefits and risks involved in use of
radiation

® Management of radioactive waste

e Actions by state, federal, and internation-
al agencies and by individuals to ensure
that public health is protected from radia-
tion hazards

The goal of Understanding Radiation in Our
World is to help you make informed judg-
ments on important radiation issues that
affect your health, your lifestyle, and the
well-being of your family and community:

e How big a risk does radiation pose to us,
our families, children, future generations
and the environment?

® How much and what kinds of risk should

we tolerate?

e What should we do, as individuals and as
a society, to ensure that the benefits of
radiation are not outweighed by the risks?
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What is the Nature of Radiation?

Energy

Radiation is energy—the primal energy of
the universe, originally created billions of
years ago. lonizing radiation is emitted as
the unstable atoms of radioactive materials
constantly emit alpha, beta, gamma, or
other forms of radiation as they “decay” to a
stable state. This process can take from a
fraction of a second to billions of years,
depending on the material. Radioactive
materials (called radioisotopes or radionu-
clides) and the radiation they produce are
everywhere—in the soil, in our food and
water, and in our bodies.

There is an important difference between
radiation and radioactivity (although the
terms are often mistakenly used inter-
changeably):

® Radiation is energy in the form of waves
or particles sent out over a distance. (A
simple example is the ripples of water
radiating outward in a pond after a pebble
is dropped into the water.) There are
many different types of radiation.

® Radioactivity is a property of a substance,
such as uranium or plutonium, which
emits high-energy (ionizing) radiation.

Radiation travels over distances ranging
from fractions of a millimeter to billions of
light-years. This energetic quality of radia-
tion makes life possible but also presents
threats of danger and destruction.

To better understand radiation it is impor-
tant to remember that:

e Not all radiation is the same.

e Different kinds of radiation affect living
things in different ways.

Types of Radiation

The most basic distinction scientists make
between types of radiation is the amount of
energy involved (Figure 1). Radiation with
lower energy levels is called nonionizing;
radiation with higher energy levels is called
ionizing.

This guidebook sometimes uses the generic
term “radiation” to refer to ionizing radia-
tion. Keep the differences between the two
types in mind as you consider the benefits
and risks of the various types of radiation.

Nonionizing Radiation
Nonionizing radiation has lower energy lev-
els and longer wavelengths. Examples

Figure 1.

The
electromagnetic
spectrum
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Table |: Basic Types of Radiation

Type

Examples

Non-Ionizing Electromagnetic Radiation

Radio waves, Microwaves,
Infra red (heat), Visible Light (color)

lonizing Electromagnetic Radiation

X-rays, Gamma rays, Cosmic rays

lonizing Atomic Particle Radiation

Beta radiation, Alpha radiation, Neutrons

include radio waves, microwaves, visible
light, and infrared rays from a heat lamp.

Our senses can detect some types of non-
ionizing radiation: we can see visible light,
and feel the burning effects of infrared
radiation.

Nonionizing radiation is strong enough to
influence the atoms it contacts, but not
strong enough to affect their structure. For
example, microwave radiation is used to
heat the water in food by causing water
molecules to vibrate.

Living tissue can generally be protected
from harmful nonionizing radiation by
devices such as goggles, protective clothing,
and shielding around radiation-generating
equipment. However, concern has been
raised about possible health effects from
nonionizing radiation produced by such
things as cell phones and electric power
lines. (See Electric and Magnetic Fields,
Chapter 2, page 22)

lonizing Radiation
lonizing radiation has higher energy levels.

Examples include X-rays and cosmic rays.

lonizing radiation has enough energy to
directly affect the structure of atoms of the
materials, including human tissue, which it
passes through. A description of the struc-
ture of atoms will help in understanding the
effects of ionizing radiation. (Table 1)

Structure of Atoms

All substances are composed of atoms that
are made up of three subatomic particles:
protons, neutrons, and electrons except hydro-
gen (which may have no neutrons). The
protons and neutrons are tightly bound
together in the positively charged nucleus
at the center of the atom, while a cloud of
negatively charged electrons orbits the
nucleus. (Figure 2)

The number of protons in the nucleus
determines its atomic element. The simplest
element, hydrogen, has only one proton in
its nucleus. Oxygen has eight protons.
Heavier elements, such as uranium and plu-
tonium, have more than 90 protons.

Elements may have various isotopes. An

Figure 2.
Structure of an Atom

2 nucleus:

electrons (-)
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and neutrons

Source: U.S. Environmental Protection Agency
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isotope is one of two or more atoms that
have the same number of protons but dif-
ferent numbers of neutrons in their nuclei.

Most atoms are stable because the nuclear
forces holding the protons and neutrons
together are strong enough to overcome the
electrical energy that tries to push the pro-
tons apart. (The energy pushing protons
apart is like two magnets with the same
charge that push each other apart.)

When the number of neutrons in the
nucleus is above a certain level, however,
the atom becomes unstable or radioactive,
and some of its excess energy begins to
escape. This energy is ionizing radiation.

Effects of lonizing Radiation on

Atoms

When ionizing radiation passes through
material, such as human tissue, it may
“knock” one or more negatively charged
electrons out of orbit around the nuclei of
atoms of the material. If this happens, this
causes the atoms to become positively
charged (ionized). When this occurs in our
bodies, molecules and cells may be dam-
aged. The health effects of this damage may
be immediate or appear gradually over
many years.

Forms of lonizing Radiation
lonizing radiation can take two different
forms:

e Electromagnetic waves which spread out in
all directions through space at the speed
of light.

e High-energy particles which travel through
space at various rates.

Examples of ionizing radiation include:

e X-rays (used in medicine and for
scientific research) and

e Gamma rays (emitted by some materials,
including the sun and stars and soil).

Detection of lonizing Radiation

lonizing radiation is generally not
detectable by our senses: we cannot see,
smell, hear, or feel it. This, together with its
unpredictable health effects, may explain
why it causes so much anxiety.

However, ionizing radiation is relatively
easy to detect and measure using electronic
equipment. Instruments such as Geiger
counters can detect radiation and help us
track the amount of radiation exposure.
These instruments can tell us if we are too
close to a source that can harm us and warn
us of a release of radiation.

Radioactive Decay

When the nucleus of a radioactive isotope
decays, emitting ionizing radiation, the
nucleus is transformed into a different iso-
tope, called a decay product. The new iso-
tope may be stable or unstable. If it is unsta-
ble, it will continue to decay, changing its
nucleus and emitting more ionizing radia-
tion. Several decays may occur before a sta-
ble isotope is produced. (Figure 3)

Figure 3.
Radioactive Decay
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Figure 4.
Types of PrOto\nA
Ioni;ing (+1@) Alpha Particle
Radiation 00 (positive charge)
Neutron
Electron Beta Particle
e, (negative charge)
Ener:
i Gamma Ray
Source: The Ohio State University Extension
Half-life

The half-life is the time it takes for one-half

of a radioactive isotope’s atoms to decay.

For example, suppose that several atoms of
a radioactive isotope with a half-life of
three hours were isolated and observed.
After three hours, one-half of those
radioactive atoms would remain. The other
half would have decayed into different iso-
topes. After three more hours, only half of
the remaining radioactive atoms (one-
fourth of the original number) would
remain unchanged.

The half-life can vary substantially from
one isotope to another, ranging from a frac-
tion of a second for plutonium-214, to 8
days for lodine-131, to 24 thousand years
for plutonium-239, to billions of years for
uranium-238.

The half-life of an isotope determines the
longevity of its radioactivity. The longer
the half-life, the more atoms it takes to give
a certain amount of radioactivity. However,
the half-life of a radioactive material is not
a direct measure of the risk associated with
the material. (See Determining Levels of

Risk, Chapter 3, page 41.)

Types and Sources of

lonizing Radiation

The major types of ionizing radiation
emitted as a result of radioactive decay are
alpha and beta particles and gamma rays.

(Figure 4) X-rays, another important type of
radiation, arise from processes outside of the
nucleus.

Alpha Radiation

An alpha particle is composed of two neu-
trons and two protons in a tight positively-
charged bundle that has escaped from the
nucleus of a heavy radioactive element,
such as uranium or radium, during radioac-
tive decay.

Alpha radiation is relatively slow-moving,
has little penetrating power and can be
stopped by a single sheet of notebook
paper or the dead outer layer of skin tissue.
(Figure 5) Therefore, alpha-emitting
radioisotopes are not usually a hazard
outside the body.

However, when alpha-emitting materials
are ingested or inhaled, energy from the alpha
particles is deposited in internal tissues such
as the lungs and can be harmful. (See The
Health Effects of Radon, Chapter 3, page
37.)

Beta Radiation

Beta particles are fast-moving free electrons
emitted during radioactive decay. They can
be either negatively or positively charged.
A positively charged beta particle is called a
positron.

A beta particle is small—less than 1/7000
of the weight of an alpha particle—and it
travels farther through solid material than
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Figure 5. Penetrating Power of Different Types of Radiation
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alpha particles. Beta particles can travel sig-
nificant distances in air. However, most
beta particles can be reduced or stopped by
a layer of clothing, eyeglasses, or a few mil-
limeters of a substance such as aluminum.
(See Figure 5)

Although more penetrating than alpha par-
ticles, beta particles are less damaging over
the same distance. Some beta particles can
penetrate the skin and cause tissue damage
especially to the eyes. However, both alpha
and beta emitters are generally more haz-
ardous when they are inhaled or ingested.

Humans can be exposed to beta particles
from both manmade and natural sources.
Tritium, carbon-14, and strontium-90 are
examples of radionuclides that emit beta
particles upon decay.

Gamma Radiation

Like visible light and X-rays, gamma rays
are photons—weightless packets of energy.
Gamma rays often are emitted from a
radioactive nucleus along with alpha or beta
particles. They have neither a charge nor
mass and are very penetrating.

Most gamma rays can pass completely
through the human body. This may cause
ionization and possible health effects in any
organ of the body. Most gamma rays lose

almost all their energy in a few feet of soil,
three feet of concrete, or six inches of lead.

A naturally-occurring source of gamma rays
in the environment is potassium-40.
Manmade sources include iodine-131 (pro-
duced in nuclear reactors, accelerators, and
nuclear explosions) and cobalt-60 (also cre-
ated in nuclear reactors) which is used in
food irradiation. (See Food Irradiation,

Chapter 3, page 29.)
X-Rays

X-rays are emitted from processes occurring
outside the nucleus. They have essentially
the same properties as gamma rays, but are
generally lower in energy and therefore less
penetrating than gamma rays. A few mil-
limeters of lead can stop X-rays.

X-ray machines are widely used in medicine
for diagnosis and treatment, and in industry
for examinations, inspections, and process
controls. Because of this heavy use, X-rays
are the largest source of manmade radiation
exposure. Due to their very short wave-
length, X-rays can pass through materials,
such as wood, water, and flesh. They can be
most effectively stopped by heavy materials
like lead or by substantial thickness of
concrete.

What is
the
Nature of
Radiation?
Types and
Sources of
lonizing
Radiation
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Neutrons

One source of ionizing radiation results
from the release of neutrons during nuclear
fission. Neutrons are released during nuclear
fission, which may occur spontaneously or
during a nuclear reaction, when a free neu-
tron collides with a nucleus.

Neutrons have a neutral electrical charge,
so they may be readily absorbed by the
nuclei of other atoms, creating new radioac-
tive isotopes. Fission fragments and neu-
tron-activated material are responsible for
the intense radioactivity on the inside sur-
faces of nuclear reactors.

(Material for this chapter is adapted from
What Is Radioactive Material and How Does It
Decay? (RER-20) and What Is Ionizing
Radiation? (RER-21), Ohio State University

Extension.)
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Where Does Radiation Come From?

Sources of lonizing Radiation
When energy particles and rays are expelled
from the forces that bind them together in
atoms, ionizing radiation is emitted (see
lonizing Radiation, Chapter 1, page 12).
This process has been going on since the
birth of the universe. Radiation has always
been commonplace in our world.

Natural radioactive materials were discov-
ered in the 1890s. It was not until 1942
that physicist Enrico Fermi and his team
created the first manmade radioactive mate-
rials in the world’s first nuclear reactor at
the University of Chicago.

Manmade Radiation

In the years since these discoveries, the
manmade sources and uses of radiation have
multiplied so that manmade radiation is
now commonplace. We use radiation to:

¢ Generate electricity,
e Diagnose and treat medical problems,
e Create and improve consumer products,

e Breed more productive and disease resist-
ant crops, and

e Conduct a wide range of scientific
research.

Natural Radiation

However, most of the ionizing radiation we
are exposed to consists of natural, or back-
ground, radiation:

e Radon gas

e Other terrestrial sources (radioactive ele-
ments in rocks, soil, water, and plants)

e Cosmic radiation

e Internal radiation from natural elements
in our bodies (such as radioactive potassi-
um) and some foods that contain small
quantities of radioactive elements (such
as radium -226 in eggs, and potassium-40
in bananas and some vegetables)

Measuring Radiation Exposure
In the United States, we commonly meas-
ure human exposure to potentially harmful
radiation in units called millirem (one one-
thousandth of a rem). (See Measuring
Human Exposure, Chapter 3, page 32.)

On average, each of us receives about 360
millirem of radiation each year. About 300
millirem, or 82 percent of the total, is natu-
ral background radiation (from radon and
other natural sources).

The remaining 18 percent of our radiation
exposure is from manmade sources (Figure

6):

e X-rays and other medical and dental pro-
cedures

e Consumer products (such as cigarettes,
smoke detectors, color televisions)

e Operation of nuclear power plants
e Manufacture of nuclear weapons

e Fallout from past atmospheric nuclear
weapons testing

Where
Does
Radiation
Come
From?
Measuring
Radiation
Exposure
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Figure 6. Sources of radiation exposure
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Source: National Council on Radiation
Protection and Measurements

Natural Sources

Everything on Earth is exposed to a con-
stant barrage of naturally occurring ionizing
radiation from the sun, cosmic rays, and
radioactive elements in the Earth’s crust.
The primary radioactive elements in the
Earth’s crust are uranium, thorium, potassi-
um, radium, and their radioactive decay
products or derivatives.

Radon

Radon is a naturally occurring gas formed
from the radioactive decay of uranium-238
in rock and soil. Radon is colorless, odor-
less, tasteless, chemically inert, and radioac-
tive. Radon also decays, emitting ionizing
radiation in the form of alpha particles, and
transforms into decay products, or “proge-
ny” radioisotopes. The half-life of radon is
about four days. Unlike radon, the progeny
are not gases, and can easily attach to and
be transported by dust and other particles in
air. The decay of progeny continues until
stable, non-radioactive progeny are formed.
At each step in the decay process, radiation
is released. Radon accounts for more than
half (an average of 55 percent) of the radia-
tion dose we receive each year and is the
second leading cause of lung cancer, after
cigarette smoking, in the U.S.

Radon moves through air or water-filled
pores in the soil to the soil surface and

enters the air, while some remains below
the surface and dissolves in ground water
(water that collects and flows under the
ground's surface). Radon has been found in
drinking water from public ground water
supplies in many states across the country.
In the outside open air, most radon dilutes
into relatively low concentrations (about
0.4 picocuries per liter of air, abbreviated

pCi/L).

Radon becomes a serious public health
problem when high levels are found in
indoor air where people can breathe it — in
homes, schools, and other buildings. Radon
in the soil can seep through the basement
or ground floor through cracks in a founda-
tion or construction joints and build up
indoors to levels substantially higher than
outdoor air levels. (Figure 7) Indoor radon
has become more of a problem in recent
years because new homes are built more air-
tight and Americans now spend an average
of about 90 percent of their time indoors.

Similar homes in the same neighborhood
may have very different radon readings
because they are not all built on exactly the
same piece of ground and construction is
not identical. High levels of indoor radon
(above EPA action level of 4 pCi/L for
radon in indoor air) have been found in all
kinds of homes throughout the U.S. In
some parts of the country, indoor radon lev-
els have been measured at hundreds of pic-
ocuries per liter and higher.

EPA and the Office of the U.S. Surgeon
General recommend that citizens take steps
to reduce indoor radon levels to below 4
pCi/L. EPA’s National Residential Radon
Survey completed in 1991 indicates that
more than six percent of all homes nation-
wide have elevated radon levels, approxi-
mately one in every 15 homes (or six mil-
lion homes) nationwide.

Radon can also be a problem in schools and
other buildings. EPA’s National School
Radon Survey found that 20 percent of the
schools nation-wide (about 15,000 institu-
tions) have at least one school room with a
radon level greater than 4 pCi/L.
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Although most of radon exposure indoors
comes from soil, radon dissolved in tap
water can be released into indoor air when
it is used for showering, washing or other
domestic uses, or when heated before being
ingested. This adds to the airborne radon
indoors. It is estimated that this source
accounts for less than five percent of the
total indoor air concentration in houses
served by ground water sources. Because it
takes about 10,000 pCi/L of radon dissolved
in water to produce about one pCi/L of
radon in household air, the levels of radon
in drinking water need to be significantly
elevated to substantially contribute to the
level of radon in the indoor air.

Other Terrestrial Sources

Other naturally occurring radioactive mate-
rials in the Earth’s crust, such as thorium,
potassium, and radium, contribute about
eight percent of our annual exposure to
radiation. Radiation levels from these
sources also vary in different parts of the
country.

Cosmic Radiation

Cosmic radiation from outside the Earth’s
atmosphere includes high-energy protons,
electrons, gamma rays, and X- rays that hit
the Earth as it moves through space.
Fortunately, the Earth’s atmosphere absorbs
much of the energy from cosmic radiation.

About eight percent of our annual exposure
comes from cosmic radiation. However, cos-
mic radiation increases at higher altitudes,
roughly doubling every 6,000 feet. For
example, the exposure to cosmic radiation
is about twice as high in Denver as it is in
Chicago.

Internal Radiation

About 11 percent of the average person’s
total annual exposure comes from radioac-
tivity within our own bodies. Radioactive
materials in the air, water, and soil are

absorbed in food and then by the body’s

own tissues.

Potassium and carbon are two of the main
sources of internal radiation exposures.

Figure 7. Radon Routes into a Home

Source: US Environmental Protection Agency

They enter our bodies through the food we
eat and the air we breathe.

e Potassium, essential to life, is distributed
throughout our bodies. A small portion
(about one one-hundredth of a percent)
of natural potassium consists of a
naturally radioactive isotope called
potassium-40. This isotope is the chief
radioactive component in normal food
and human tissue.

e Carbon-14, a radioactive isotope of car-
bon created by cosmic radiation, makes
up a small fraction of all carbon in our

bodies.

Manmade Sources

As our use of radiation increases, so does
our exposure to ionizing radiation from
manmade sources. Lifestyle choices, includ-
ing house construction, air travel, and
smoking, also affect the level of our expo-
sure. Airline crews experience greater expo-
sures than people who live at sea level
where they are protected by a thicker blan-
ket of atmosphere.

Medical and dental X-rays account for most
of the exposure from manmade sources, an
average of about 11 percent of our total
annual exposure.

Consumer products such as color television
sets, video displays, and smoke detectors
account for another three percent of annual
exposure.
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Other potential sources of small amounts of
radiation are:

e Mining and agricultural products, and ash
from burned coal,

® Nuclear reactors and their supporting
facilities (uranium mills and fuel prepara-
tion plants),

e Federal facilities involved in nuclear
weapons production, and

e Fallout from past atmospheric weapons
testing, which peaked in the mid-1960s.

Medicine

About 15 percent of our total average expo-
sure to ionizing radiation is from medical
X-rays (11 percent) and nuclear medicine
(4 percent).

Americans receive about 200 million
medical X-rays every year. (Figure 8) X-rays
are an important tool in medical diagnoses.

Figure 8. X-rays Used in Medicine

Nuclear medicine involves diagnostic proce-
dures such as nuclear tracers, small amounts
of radioactive materials that are injected
into the blood stream to allow monitoring
of their progress through the body with a
radiation detector. Tracers can help locate
blocked or restricted blood vessels and
developing tumors.

Nuclear medicine also uses radiation to
treat diseases. Precisely targeted cobalt radi-
ation, for example, can destroy diseased
cells without damaging healthy cells nearby.
Injections into the bloodstream of radioac-
tive iodine, which then concentrates in the
thyroid, is an effective treatment for hyper-

thyroidism or Graves’ disease, as well as
thyroid cancer. (See Medical Uses,
Chapter 3, page 25).

Average annual doses from medical applica-
tions are about one-sixth the average annu-
al dose from background radiation.
However, patients undergoing radiation
therapy, where radiation is narrowly targeted
to affected tissues, can be exposed to levels
many times higher than background radia-
tion. While medical uses of radiation offer
important benefits, they can also pose risks.

Consumer Products

On average, we receive about three percent
of our total radiation exposure from con-
sumer products, about 11 millirem per year.

These products include:

e Smoke detectors that use americium-241
(Figure 9)

e Lawn fertilizer containing potassium-40
e Cigarettes

e Gas lanterns

e Exit signs

e Natural gas appliances

e Brick or stone houses

e Color television sets

Radiation is also used in the manufacturing
process for many consumer products. For
example, cosmetics and medical supplies are
sterilized by radiation. Radiation is also used
to help determine the thickness of materi-
als, how full cans are before they are sealed,
and the quality of the welds in bridges and
buildings. (See Industry and Consumer
Products, Chapter 3, page 31.)

Nuclear Power

Nuclear power reactors, which use uranium,
supply about 20 percent of the electricity
used in the United States. (Figure 10)

Nuclear power plant operations account for
less than one one-hundredth of a percent
(less than one millirem per year) of the
average American’s total radiation expo-
sure. However, workers at nuclear power
plants can receive much higher doses and
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those who live near power plants may weapons reached its peak in the mid-1960s.
receive slightly higher doses. While the effect on background radiation in
the vicinity of these tests was significant in
the days and weeks following an explosion,
the effect on world-wide background radia-
tion levels has been minor, although meas-
urable. The longer half-life fission products
from these tests, including cesium-137 and
strontium-90, caused background levels of

Figure 9. Smoke detector

radiation around the world to increase

slightly. 2

Sources of Nonionizing Where

Radiation Does

Nonionizing radiation is electromagnetic Radiation

radiation that includes: Come
Nuclear Weapons * Radio waves From?
For most people, nuclear weapons produc- * Microwaves Sources of
tion and testing are responsible for only e Infrared light o

o Nonionizing

very small amounts of radiation exposure. T

e Visible light Radiation

However, past accidental and planned
releases have exposed some employees and
neighbors of weapons facilities to higher
radiation doses.

Fallout from atmospheric testing of nuclear

Figure 10. Map of U.S. Nuclear Power Facilities

Source: U.S. Department of Energy
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Hazards of Nonionizing Radiation
Unlike ionizing radiation, nonionizing radi-
ation does not have enough photon energy
to remove an electron from an atom.
However, it can still be hazardous. For
example:

e Powerful industrial lasers, which emit
tightly focused or coherent beams of visi-
ble light, can burn through human tissue
and even metal.

e Some nonionizing radiation can interfere
with the operation of heart pacemakers
and other medical devices, as well as crit-
ical equipment in aircraft.

e High levels of radio frequency and
microwave radiation can heat tissue and
if the temperature increase is high
enough, can adversely affect health.

Figure 11. Power Lines

Electric and Magnetic Fields
Extremely low-frequency electric and magnet-
ic fields (EMFs) surround electrical machin-
ery, home appliances, electric wiring, and
high-voltage electrical transmission lines
and transformers. (Figure 11)

A good deal of public and government
attention has been focused in recent years
on the possible health effects of EMFs. The
public is exposed to these fields through the
generation, transmission, and use of electric
power. The National Institute of
Environmental Health Sciences (NIEHS), a
branch of the National Institutes of Health

(NIH), has compiled information on this
issue. (You can get more information on

this and other issues from the NIEHS Web
site http://www.niehs.nih.gov/emfrapid)

High-voltage power transmission and distri-
bution lines have been a major focus of
concern. Alternating-current (AC) electricity,
with a frequency of 60 cycles per second,
falls into the extremely low frequency range
on the electromagnetic spectrum

(Chapter 1, Figure 1) and thus has far too
little energy to cause ionization.

However, AC electric and magnetic fields
can induce electric currents in conducting
materials, including human and animal tis-
sue. (Direct-current fields, such as the
Earth’s magnetic field, do not have this
effect). The electric current induced in our
bodies may have potential biological and
health effects.

Evidence of health effects from EMF is
inconclusive, although some studies have
indicated a possible link between EMFs and
childhood leukemia and other forms of can-
cer. The information available however, is
not sufficient to establish a cause-effect
relationship.

Some studies have reported the possibility
of increased cancer risks, especially
leukemia and brain cancer, for electrical
workers and others whose jobs require them
to be around electrical equipment.
Additional risk factors, however, such as
exposure to cancer-initiating agents, may
also be involved.

Some researchers have looked at possible
associations between EMF exposure and
breast cancer, miscarriages, depression, sui-
cides, Alzheimer’s disease, and
Amyotrophic Lateral Sclerosis (ALS, or
Lou Gehrig’s Disease), but the general sci-
entific consensus is that the evidence is not
yet conclusive.

In June of 1998, a special review panel con-
vened by the NIEHS reviewed EMF health
studies. A majority of the panel found “lim-
ited evidence that residential exposure to
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extremely low frequency magnetic fields
may increase the risk of childhood
leukemia.” A majority also found limited
evidence that workplace exposure to EMFs
may cause chronic lymphocytic leukemia in
adults.

According to NIEHS, “the probability that
EMF exposure is truly a health hazard is
currently small. The weak epidemiological
associations and lack of any laboratory sup-
port for these associations provide only mar-
ginal scientific support that exposure to this
agent is causing any degree of harm.” The
NIEHS did conclude, however, in its 1999
Report to Congress, that extremely-low-fre-
quency EMF exposure cannot be recognized
as entirely safe because of weak scientific
evidence that exposure may pose a leukemia
hazard; the associations reported for child-
hood leukemia and adult chronic lympho-
cytic leukemia cannot be dismissed easily as
random or negative findings.

On the positive side, the NIEHS panel
found “strong evidence” that exposure to
electric and magnetic fields can speed the
healing of broken bones.

How can individuals reduce exposure?
People concerned about their own exposure
can take several steps to reduce it. Except in
certain cases, most people's greatest expo-
sure to EMFs may come from sources inside
the home, rather than from power lines out-
side it. The NIEHS suggests avoiding stand-
ing too close to computers, microwave
ovens, televisions, or other devices that may
emit EMFs. People can reduce exposure to
EMFs by turning off devices such as electric
blankets when they are not in use and by
not keeping devices such as electric alarm
clocks too close to the bed. Adults can dis-
courage children from playing near high
power lines or electrical transformers.

The distance from a source of EMFs is
important because the intensity of EMFs
decreases proportionally to the square of the
distance to their source. So doubling your
distance from a source will reduce exposure
to one-quarter of its previous level.

There are no federal health standards
governing public exposure to EMFs. A few
states however, have set standards for trans-
mission line electric and magnetic fields.

Radio-Frequency (RF) and Cellular
Phones

As hand-held cellular telephones become
increasingly popular, people are understand-
ably concerned about potential health
effects from exposure to high-frequency
radio waves. (Figure 12)

The radio waves used by analog and digital
cellular phones are much higher frequency
than the electric and magnetic fields pro-
duced by power lines, so their biological
effects are different from the possible effects
of EMFs.

Studies have shown that intense exposure
to this type of nonionizing radiation can
cause heat-related effects such as cataracts,
skin burns, deep burns, heat exhaustion,
and heat stroke, as well as electrical shock.

As a result of the studies, the United States
and other countries have established stan-
dards to protect workers and the public
from the known effects of excess exposure
to the radio waves used in telecommunica-
tions. The antennas of cell-phone base sta-
tions and personal cell phones must comply
with these standards.

Figure 12.
Use of Cellular Phones Has Become Part of
Many People’s Daily Lives
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Most epidemiological studies have found no
significant correlation between exposure to
radio frequency (RF) radiation and an
increased risk of cancer. One animal study
at the University of Adelaide in Australia,
showed that mice genetically predisposed to
a type of cancer developed twice as many
cancers when exposed to cell phone radia-
tion. This study is being repeated at the
University of Adelaid and other research
laboratories to verify the finding.

The Food and Drug Administration (FDA),
responsible for protecting the public from
radiation exposure from consumer products,
said that “the available science does not
allow us to conclude that mobile phones are
absolutely safe, or that they are unsafe.
However, the available evidence does not
demonstrate any adverse health effects asso-
ciated with the use of mobile phones.”
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What Are the Benefits and Risks
of lonizing Radiation?

Since German physicist Wilhelm Konrad
Roentgen discovered X-rays in 1895, people
have invented thousands of new practical
and beneficial uses for ionizing radiation.
These uses have improved our quality of life
and increased our life span.

lonizing radiation is widely used in:
® Medicine and research

e Industry and manufacturing consumer
products

e Nuclear power
e Agriculture and food processing

e Development and testing a wide variety
of materials

e National defense (nuclear weapons)

However, our use of radioactive materials
and creation of new sources of ionizing radi-
ation add to our total annual exposure and
increase the risks to our health and envi-
ronment. Weighing the benefits of ionizing
radiation against its risks, and deciding what
level of risk is acceptable, is a constant
challenge for scientists, government regula-
tors, and each of us as individuals.

This chapter includes the following topics:
® The Benefits of lonizing Radiation

e The Risks of Ionizing Radiation

® Determining Your Exposure

e Determining Levels of Risk

e Balancing the Benefits and Risks of
Radiation

Benefits of lonizing Radiation
lonizing radiation lets us do many things
that are impossible without it, such as iden-
tifying broken bones and healing tumors in
the human body, checking for flaws in jet
engines, and testing the thickness of
eggshells. Life for many of us would be more
difficult if we were suddenly to stop creating
and using radiation.

Medical Uses

The most common, and one of the earliest
uses of radiation, is to diagnose injury and
disease. Roentgen’s discovery of the X-ray
allowed physicians to look inside the
human body without operating. (Figure 13)

Figure 13.

Use of X-ray machine in medicine
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Today, doctors also use radiation in many
ways to treat disease. One of every three
Americans hospitalized each year is diag-
nosed or treated using nuclear medicine,
totaling more than 11 million procedures a
year. Radiation is also used in 100 million
laboratory tests each year on body fluids and
tissue specimens to aid in diagnosing
disease.

lonizing radiation is widely used to diagnose
and treat cancer, increasing survival rates
and improving patients’ quality of life.
Radiotherapy has helped to cure various
types of cancer in tens of thousands of peo-
ple and temporarily to halt the disease in
many others. About 500,000 cancer
patients in the United States—half of all
people with cancer—are treated with radia-
tion at some point in their therapy.

For example, a promising treatment for
leukemia involves arming monoclonal anti-
bodies with radioisotopes. The antibodies
are produced in the laboratory and engi-
neered to bind to a specific protein in
tumor cells. When injected into a patient,
these armed antibodies bind to the tumor
cells, which are then killed by the attached
radioactivity. Normal cells nearby are not
affected.

Other applications of radiation in cancer
diagnosis and treatment include:

e Mammography to detect breast cancer at
an early stage when it may be curable

e X-rays or other imaging techniques that
make needle biopsies safer and more
accurate and informative

e Monitoring the response of tumors to
treatment, and distinguishing malignant
from benign tumors

e Bone and liver scans to detect the spread
of cancers

e Alleviating or eliminating pain associated
with prostate or breast cancer that has
spread to the bones

The National Institutes of Health (NIH)
lists more advanced medical uses of radia-
tion:

e Newer X-ray technologies such as com-
puterized tomography (CT, or CAT)
scans have revolutionized the diagnosis
and treatment of diseases affecting almost
every part of the body. (Figure 14)

e Another scanning technology, positron
emission tomography (PET) scanning,
involves injecting a small amount of a
radioisotope into a patient to show the
metabolic activity and circulation in the
brain. PET studies enable scientists to
pinpoint the site of brain tumors or the
source of epileptic activity and to better
understand many neurological diseases.

Figure 14. CAT scan
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e Radioisotopes are used to diagnose and
monitor many diseases effectively and
safely. To show how the disease process
alters the normal function of an organ, a
patient swallows, inhales, or receives an
injection of a tiny amount of a radioiso-
tope. Special cameras reveal where the
isotope accumulates in the body (for
example, showing an image of the heart
with both normal and malfunctioning
tissue).

e Laboratory tests use radioisotopes to
measure important substances in the
body, such as thyroid hormones.

e Radiation treatments for thyroid diseases,
including thyroid cancer and Graves dis-
ease (one of the most common forms of
hyperthyroidism), are so effective they
have almost totally replaced thyroid
surgery.

e Radioisotopes are used in animal studies
to learn how the body metabolizes a new
drug before it is approved by the Food
and Drug Administration (FDA).

e Radioisotopes are used to sterilize hospital
items to help prevent the spread of dis-
eases. Radiation is especially useful for
sterilizing such items as sutures, syringes,
catheters, and hospital clothing that
would otherwise be destroyed by heat
sterilization. Sterilization using radioiso-
topes is particularly valuable because it
can be performed while the items remain
in their sealed packages, thus preserving
their sterility indefinitely.

e Radioisotopes are a technological back-
bone of biomedical research. They are
used to identify how genes work, and in
much of the research on AIDS. Between
70 and 80 percent of all research at NIH
is performed using radiation and radioac-
tive materials.

(Adapted from: What We Know About
Radiation, Office of Communications,
National Institutes of Health, April 11,
1994.)

Industry

Numerous businesses and industries have
found uses for radiation to improve products
or services. The Nuclear Regulatory
Commission (NRC) and the 32 states that
participate in the NRC Agreement States
program issue and administer more than
20,000 licenses for medical, academic, and
industrial uses of nuclear materials.

Manmade radioisotopes are used by industry

e Explore for oil and natural gas.

Geologists use a technique called nuclear
well logging to determine whether a well
drilled deep in the ground has the poten-
tial to produce oil. Radiation from a
radioisotope inside the well can detect
the presence of different materials.

e Test pipes and welds, including structural

cracks and stresses in aircraft (Figure 15)
and test for flaws in jet engines. Using a
process called radiography, the object
tested is exposed to radiation from a
sealed radiation source and a piece of
photographic or radiographic film on the
opposite side of the object captures an
image which can help to pinpoint flaws
such as cracks or breaks.

Figure 15. Airplane

e Control the thickness of sheet products,

such as steel, aluminum foil, paper, pho-
tographic film, and plastics, during manu-
facture. Detectors measure, highly accu-
rately, the amount of radiation passing
through the materials and compare it to
the amount that should pass through the
desired thickness.
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e Cold-sterilize plastics, pharmaceuticals,
cosmetics, and other heat-sensitive
products. Exposing the materials to radia-
tion, usually gamma radiation from
Cobalt-60, kills bacteria and germs and is
particularly effective when other methods
such as boiling or chemical treatment are
not practical.

e Conduct security checks of airline carry-
on luggage.

¢ Improve the quality of manufactured
goods in thousands of industrial plants by
using radiation in sensitive gauges and
imaging devices (for example, ensuring
that beverage cans are correctly filled
using a process similar to that of measur-
ing the thickness of sheet products).

¢ Pinpoint fluid leaks, monitor engine
wear and corrosion, and measure the
flow of materials through pipes, using
radioactive tracers similar to those used
in medicine.

e Identify trace quantities of materials.
Criminal investigators use radiation to
identify trace amounts of materials like
glass, tape, gunpowder, lead, and poisons.
Called activation analysis, the procedure
involves placing a sample of materials in
a nuclear reactor and bombarding it with
neutrons, which produces a “fingerprint”
of the elements in the sample.

e Prove the authenticity of old paintings.
Museums also use activation analysis to
detect whether certain modern materials
are present and use other techniques with
radioisotopes to spot forgeries.

e Detect pollution. Scientists use radioiso-
topes to trace and identify the sources of
pollution, such as acid rain and green-
house gases, in air, water, and soil.

Nuclear Power

One-sixth of the world’s electricity, and
nearly one-fifth of the electricity in the
United States, comes from nuclear power
plants. (Figure 16) These plants use nuclear
fission (neutrons splitting uranium atoms)
to produce tremendous heat that generates
electricity. Americans get more of their

electricity from nuclear power than from
any other source except coal.

Figure 16. Nuclear Power Plant

But nuclear power plants also have a num-
ber of drawbacks. U.S. nuclear power plants
generate about 2,000 metric tons of high-
level radioactive waste each year, causing
significant disposal problems. (See Nuclear
Reactor Waste, Chapter 4, page 52).

Environmental and antinuclear groups
oppose nuclear power because of concerns
about safety, the potential for nuclear
weapons proliferation and terrorism, and
because of the unresolved problem of
nuclear waste disposal. They argue that
renewable energy sources such as solar and
wind power are preferable to nuclear power
as long-term alternatives to fossil fuel ener-
gy. (For more on the pros and cons of
nuclear power, see Balancing the Benefits
and Risks, Chapter 3, page 43.)

Some people consider nuclear power plants
more environmentally friendly than coal or
oil-burning plants. As a byproduct of com-
bustion, fossil-fuel plants emit air pollutants
such as nitrogen oxide, sulfur dioxide, and
carbon dioxide, a principal “greenhouse gas’
believed to contribute to global warming.
Because nuclear plants use fission instead of
combustion, they produce no combustion
byproducts. Without nuclear power, U.S.

)
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carbon emissions from electric generation
would be about 30 percent higher.

Also, because they are so closely regulated
and monitored, nuclear power plants release
less ionizing radioactivity (an average dose
of 0.009 mrem per year) into the environ-
ment than comparable coal-fired plants (an
average dose of 0.03 mrem per year). New
limits on fly-ash emissions from fossil-fuel
plants, however, are helping to reduce
radioactive emissions from these sources

as well.

According to the Nuclear Energy Institute,
the industry’s trade association, the annual
economic impact of the nuclear power
industry is $90 billion in total sales of goods
and services; 442,000 jobs; and $17.8 billion
in federal, state, and local government tax
revenues. The Institute estimates that
nuclear power reduces U.S. reliance on for-
eign sources of oil by nearly 100 million
barrels a year, enhancing the nation’s ener-
gy security, and cutting the U.S. trade
deficit by billions of dollars each year.

Agriculture

Radiation has become an increasingly
important tool in agricultural research and
practice. Some uses and their benefits are:

e Radioisotopes as a research tool help
develop new strains of food crops that are
more nutritious, resist disease, and pro-
duce higher yields.

For example, radiation has been used in
producing peanuts, tomatoes, onions, soy-
beans, barley, and the “miracle” rice that
has boosted rice production in Asia.

e Radioisotope tracers in plant nutrients aid
in reducing soil and water pollution by
helping researchers to learn how plants
absorb fertilizer and how to calculate the
optimum amount and frequency of fertil-
izer applications.

e [nsect sterilization with radiation results
in mating without offspring, thus limiting
insect population growth. This has elimi-
nated screwworm infestation in the
southeastern United States and Mexico,

and has helped control the
Mediterranean fruit fly in California.
With fewer pests, food crop productivity
increases.

Moisture monitoring with nuclear density
gauges can measure the moisture content
of soil, helping make the most efficient
use of limited water sources for successful
crop production.

Food Irradiation
Irradiation Process

One of the more controversial uses of radia-
tion today is food irradiation. High doses of
radiation do not make food radioactive.
Irradiation kills bacteria, insects, and para-
sites, and retards spoilage in some foods.
Irradiated foods are regularly eaten by astro-
nauts on space missions, as well as by hospi-
talized patients with weak immune systems
who need extra protection from microor-
ganisms in food.

The irradiation process involves exposing
food to intense controlled amounts of ioniz-
ing radiation—gamma rays from cobalt-60
or cesium-137, X-rays, or electron beams
from particle accelerators. The process has
about the same effect on food as canning,
cooking, or freezing. It kills pests and
extends shelf life, but also reduces the food’s
nutritional value somewhat by destroying
vitamins A, Bl (thiamin), C, and E. No
radiation remains in the food after
treatment.

Exposing materials, including foods, to radi-
ation from an irradiator is very different
from exposing them to radiation from a
reactor. The gamma radiation from
cobalt-60 in an irradiator kills bacterial and
germs, but does not leave any radioactive
residue or cause any of the exposed materi-
als to become radioactive. The cobalt-60 in
an irradiator is contained in stainless steel
capsules and does not commingle with the
material being irradiated. On the other
hand, material exposed to neutrons from a
reactor or linear accelerator can become
radioactive.
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Approvals and Bans

Irradiation has been approved by:

e The FDA - for a number of foods includ-
ing, herbs and spices, fresh fruits and veg-
etables, wheat, flour, pork, poultry, and
red meat

e The World Health Organization

e The United Nations Food and
Agricultural Organization

e Approximately 40 countries besides the
United States

Three states—Maine, New Jersey, and New
York—have banned the sale, however, of
irradiated foods and food ingredients
(except for spices). Many U.S. food produc-
ers have been reluctant to adopt food irradi-
ation because of protests by food-safety
groups and because of uncertainties about
consumer acceptance.

Benefits

Irradiation advocates, including the FDA
and the U.S. Department of Agriculture
(USDA), point to a number of benefits of
food irradiation:

e The process is better for the environment
than treating foods with toxic chemicals,
such as methyl bromide or ethylene
oxide.

e Irradiation, coupled with proper handling,
cooking, and storage of food, can help
reduce the incidence of food-borne dis-
ease. Some six million cases a year in the
United States result in more than 9,000
deaths.

e By retarding spoilage and extending the
shelf life of food, irradiation also helps
humanitarian groups deliver food to
starving people.

Concerns

However, critics point to a number of con-
cerns with food irradiation:

e Irradiated foods could pose a botulism
hazard because the process kills bacteria
that cause spoiled food to smell or look
bad, thereby eliminating the traditional
signals of inedible food.

e [rradiation can accelerate spoilage in sev-
eral fruits, including pears, apples, citrus
fruits, and pineapples.

¢ The irradiation process may expose work-
ers and the environment to radiation

hazards.

e [rradiation reduces the food’s nutritional
value by destroying some vitamins.

While extensive studies have found no evi-
dence that irradiated foods or compounds
cause adverse health effects, some con-
sumers may find them unacceptable because
they prefer natural or organic foods.

How do you know if the food in your
grocery store has been irradiated?

The FDA requires irradiated foods to be
labeled with the green radiation logo, called
the radura (Figure 17) and the words “treat-
ed by irradiation,” “treated with irradia-
tion,” or “irradiated.”

However, processed foods containing irradi-
ated ingredients and irradiated food sold in
restaurants do not have to be labeled.
Consumer groups are working to expand the
labeling requirement.

Figure 17.
Radura label required on irradiated food
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Should you avoid irradiated food?

If your only concern is possible adverse
health effects, the government says no.

e The FDA has found no evidence that
irradiation of food is less safe than other
preservation methods.

e Irradiation does a good job of killing
bacteria that cause food-borne diseases
such as, salmonella in poultry and
seafood, E. coli in beef, trichinosis in
pork, and cholera in fish.




UNDERSTANDING RADIATION

IN OUR WORLD

But if it is more important to you that your
foods are grown and packaged naturally
without artificial treatments and with their
vitamins and minerals intact, then irradiat-
ed foods may not be prime candidates for
your shopping list.

Consumer Products

Radiation is used in, or to produce many
consumer products. For example, many
smoke detectors—now installed in nearly
90 percent of American homes—use the
radioactive isotope americium-241, which
emits alpha radiation. By ionizing the air
sealed inside the detector, the radiation pro-
duces an electric current that sets off the
alarm if interrupted by smoke in the detec-
tor.

Radioactive materials are also used to:

e Eliminate dust from computer disks and
audio and video tapes

e Sterilize baby powder, bandages, cosmet-
ics, hair products, and contact lens solu-
tions (Exposing these materials to radia-
tion, usually gamma radiation from
cobalt-60 kills bacteria and germs.)

e Control the thickness of many sheet
products, such as paper, sandpaper, or alu-
minum foil and the amount of liquid in
beverage can (Detectors measure, highly
accurately, the amount of radiation pass-
ing through the materials and compare it

to the amount that should pass through
the desired thickness.)

e Attach a non-stick surface to a frying pan

Brighten the porcelain in false teeth to
make them look more real

None of the radiation remains in these con-
sumer products after they are treated or
sterilized.

Radioactive materials also create the glow
in luminous watches and in instrument
panel dials and are used in some gas camp-
ing lanterns. Radiation is also used in pro-
duction of some clothing, eyeglass lenses,
lightning rods, tires, ceramic glazes on some
china and decorative glassware, enameled
jewelry, and cellophane dispensers.

Only a small fraction of our total annual
exposure to radiation, about 11 millirem a
year, comes from consumer products.

The Space Program

The U.S. Space program has used radioiso-
tope thermoelectric generators (RTGs) to
power 24 of its space probes over the last 25
years. The natural decay of plutonium diox-
ide produces heat, which is converted to
electricity by a thermocouple device.
Compact and relatively light, RTGs typical-
ly produce about 300 watts of electricity
and can operate unattended for years.

Among the space research probes powered-

by RTGs were:

® The Apollo Lunar Surface Experiment
Packages (1969-1971)

e Pioneer 10 and 11 (1972 and 1973)
e Two Viking Mars spacecraft (1978)

e Two Voyager spacecraft (1977)

® The Galileo (1989), Ulysses (1990), and
Cassini (1997) spacecraft.

Sea Power

The U.S. Navy was an early user of nuclear
power, launching the USS NAUTILUS; the
first nuclear-powered submarine, in 1954.
Since 1954, the Navy has built more than
200 submarines and surface ships powered
by nuclear reactors. These vessels have trav-
eled more than 100 million miles of ocean
on nuclear power.

Nuclear submarines have two major advan-
tages: speed and underwater range without
surfacing. A modern nuclear powered Navy
submarine can cruise up to one million
miles, or more than 25 years, without
refueling.

Research

Radioactive materials are valuable tools for
research in nearly all fields of modern sci-
ence: physics, mineralogy, metallurgy, biolo-
gy, medicine, agriculture, environmental
science, geology, chemistry, and many
others.

® Many scientists use X-rays and neutrons
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to study the properties of a wide variety of
materials, develop new plastics, and
strengthen materials, such as those used
in aircraft.

® Chemists and biologists use X-ray diffraction
techniques to study the crystalline struc-
ture of proteins, the basic building blocks
of life, and also to study viruses that cause
diseases ranging from the common cold to

AIDS.

e Environmental scientists use radioisotopes to
track chemical contaminants as they
move through water or the ground and to
study the global movement of wind and
water.

e Geologists read radioactive materials that
occur naturally in the earth to determine
the age of rocks and to study plate
tectonics.

o Archaeologists determine the age of prehis-
toric artifacts through carbon dating, a
process that measures radioactive
carbon-14. When an organism is alive, its
ratio of carbon-14 to carbon-12 is the
same as in the atmosphere. When the
organism dies, the carbon-14 begins to
decay and the ratio changes. This ratio is
used to determine how long ago the
organism died.

e Criminologists use neutron activation analy-
sis to detect the presence of toxic sub-
stances such as arsenic in the body.

® Jnwestigators detect forgeries by measuring
radioactive decay; and use “ultrasoft” X-rays
to determine the authenticity of paintings
and to aid in their restoration.

The Risks of lonizing Radiation
lonizing radiation is intricately woven into
the fabric of modern life. But living and
working with radiation can be hazardous. If
we want to continue enjoying the benefits
that radiation brings, we may have to
accept some additional risk to our health
and environment.

How much risk is acceptable to us as a soci-
ety? This is a subject of constant and often
heated debate. To participate constructively

in that debate, we must:

e Understand the risks—how and to what
extent the different kinds and sources of
radiation can affect our health and envi-
ronment.

e Learn what the producers and users of
radiation, the government, and each of us
as individuals, can do to minimize those
risks.

Measuring Human Exposure
Several factors are involved in determining
the potential health effects of exposure to
radiation. These include:

e The size of the dose (amount of energy
deposited in the body)

e The ability of the radiation to harm
human tissue (See Ionizing Radiation,
Chapter 1, page 12.)

e Which organs are affected

Amount of the Dose. The most important
factor is the amount of the dose—the
amount of energy actually deposited in your
body. The more energy absorbed by cells,
the greater the biological damage. Health
physicists refer to the amount of energy
absorbed by the body as the radiation dose.
The absorbed dose, the amount of energy
absorbed per gram of body tissue, is usually
measured in units called rads.

The amount of the dose depends on such
factors as:

® The number and energy level of the radi-
ation particles emitted by the source (the
source’s activity, measured in units called
curies)

e The distance from the source (Distance is
especially important with alpha radiation;
more than a few centimeters from the
source, the amount of the dose approach-
es zero.)

® The amount of exposure time

e The degree to which radiation dissipates
in the air or in other substances between
the source and the recipient

e The penetrating power of the radiation
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Ability to Harm Tissue. Health physicists
also must take into account the ability of
the type of radiation involved to harm
human tissue. To do this, they multiply the
absorbed dose by a biological effectiveness
factor, the Q factor, to come up with a
measurement of harm called the dose-equiv-
alent. (Table 2) The Q factor is a “consen-
sus factor” agreed upon by experts and used
for regulatory purposes.

Table 2:

Biological Effectiveness
Factor by Radiation Type

Type of Radiation Q Factor
Alpha particles 20
Beta particles 1
Gamma radiation 1
Protons, fast neutrons 10
Slow (thermal) neutrons 2

In the United States, dose-equivalent is
commonly expressed in rem, which stands
for radiation equivalent man. Small doses
are measured in thousandths of a rem or
millirem. The United States and interna-
tional scientific communities also use units
called Sieverts, which are each equal to 100
rem.

Which Organs are Affected. The potential
health effects of radiation also depend on
which organs of the body are most likely to
absorb radiation.

e When ingested, radiation from some
sources tends to accumulate in certain
organs. For example, iodine-131 concen-
trates in the thyroid gland, where its beta
radiation, at high doses, can be effective
in destroying hyperactive thyroid cells.

e Radiation from other sources is distrib-
uted more widely in the body. For
example, water containing tritium (a
radioactive isotope of hydrogen) distrib-
utes beta-emitting radioactivity through-
out the body.

(Adapted from Ionizing Radiation—It’s

Everywhere! Los Alamos Science, Los
Alamos National Laboratory, Number 23,
1995.)

Studying Radiation’s Effects on
Humans

There are a number of studies of the effects
of radiation on humans:

¢ The Radiation Effects Research
Foundation (RERF) has been studying
the long-term effects of radiation on the
survivors of the Hiroshima and Nagasaki
bombings in Japan since 1947. RERF is
an international organization jointly
funded by the Japanese Ministry of
Health and Welfare, the U.S.
Department of Energy (DOE), and the
National Cancer Institute (NCI), part of
National Institutes of Health.

REREF researchers learn more about the
effects of ionizing radiation by monitoring
uranium miners and people who lived
near the Nevada nuclear weapons test

sites used from 1951 through 1963.

e NCI is studying the people most affected
by the 1987 Chernobyl nuclear power
plant accident in Ukraine, especially chil-
dren who lived nearby and workers who
cleaned up the plant after the accident.

After rigorous peer review, the information
from the studies is published in medical and
scientific journals and made available to the
public. Because of these and other studies,
more is known about the health effects of
ionizing radiation than of any other car-
cinogen.

Human Health Effects of
lonizing Radiation
lonization

Most atoms are electrically neutral; they
have the same number of positively charged
protons in their nucleus as negatively
charged electrons orbiting the nucleus.
However, when ionizing radiation passes
through a material, it can transfer some of
its energy to an electron; this “knocks” the
electron out of its orbit. The free negative
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electron leaves behind a positively charged
ion (see Figure 18). This process is called
ionization.

Figure 18.
Ionization of an atom

Knowing about ioniza-

tion is important for | 72 acation
two reasons. 4
e First, ions formed in Qﬂ

living tissue, such as Q ﬁ lon
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e Second, because ions ~

free electron

have an electrical
charge, they are easy to detect. This
makes it possible to measure the amount
of radiation present—even at extremely
low levels.

Exposure to lonizing Radiation

Exposure to high levels of ionizing radiation
is dangerous, even deadly. Acute exposure
to radiation in the range of 300,000 to
500,000 millirems can destroy cell tissue
almost immediately, causing death within a
few days or weeks for more than half of the
exposed population. Fortunately, the chance
of the average citizen receiving such a large
dose of radiation is ex