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The Disaster Environment

What do you do?
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What do you do?
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How most of us feel about 

radiation until we understand the 

principles of safe use:
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What are we not talking about?  At 

least not much

Non-Ionizing Radiation
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Non-Ionizing Radiation from 

High to Low Frequency
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Radiation and Radioactive 

Material are a Natural Part of 

Our Lives
ÅWe are constantly exposed to 

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

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

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

Smoke

Detector
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Unstable Atoms Decay
ÅThe number of ñdecaysò that occur per unit time 

in the radioactive material tell us how 
radioactive it is.  

ïUnits include Curies (Ci), decays per minute (dpm), 
and Becquerels (decays per second).

ÅWhen an unstable atom decays, it transforms
into another atom and releases itôs excess energy 
in the form of radiation.  Radiation can be 

ïElectromagnetic radiation (like X or gamma rays), and

ïParticles (like alpha, beta, or neutron radiation)

ÅSometimes the new atom is also unstable, 
creating a ñdecay chainò
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How Unstable Is It?
ÅThe ñHalf-Lifeò describes how quickly Radioactive 

Material decays away with time.

It is the time required for half of the unstable 

atoms to decay.

ÅSome Examples Example:

ïSome natural isotopes (like uranium and thorium) have 

half-lives that are billions of years,
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Half Life Calculation
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Some Isotopes & Their Half Lives
ISOTOPE ½ Life APPLICATIONS

Uranium billions 

of years

Natural uranium is comprised of several different 

isotopes.  When enriched in the isotope of U-235, itôs 

used to power nuclear reactor or nuclear weapons.  

Carbon-14 5730 y Found in nature from cosmic interactions,  used to 

ñcarbon dateò items and as radiolabel for detection 

of tumors.

Cesium-137 30.2 y Blood irradiators, tumor treatment through external 

exposure.  Also used for industrial radiography.

Hydrogen-3 12.3 y Labeling biological tracers.

Irridium -192 74 d Implants or "seeds" for treatment of cancer. Also used 

for industrial radiography.

Molybdenum-

99

66 h Parent for Tc-99m generator.

Technicium-

99m

6 h Brain, heart, liver (gastoenterology), lungs, bones, 

thyroid, and kidney imaging, regional cerebral 

blood flow, etc..
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The Amount of Radioactivity is 

NOT Necessarily Related to Size

ÅSpecific activity is the amount 
of radioactivity found in a 
gram of material.

ÅRadioactive material with long 
half-liveshave low specific 
activity.

1 gramof Cobalt-60
has the sameactivity as

1800 tonsof natural Uranium
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Alpha Particles:  2 neutrons and 2 protons

They travel short distances,  have large mass

Only a hazard when inhaled

Four Primary Types of Ionizing 

Radiation:

Alpha Particles
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Four Primary Types of Ionizing 

Radiation:

Beta Particles

Beta Particles:  Electrons or positrons having small mass and 

variable energy. Electrons form when a neutron transforms into a 

proton and an electron or:
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Four Primary Types of Ionizing 

Radiation:

Gamma Rays

Gamma Rays (or photons):  Result when the nucleus releases 

Energy,  usually after an alpha,  beta or positron transition



ARSCE 2002; WPM-A.4 17

Four Primary Types of Ionizing 

Radiation:

X-Rays

X-Rays:  Occur whenever an inner shell orbital electron is removed 

and rearrangement  of the atomic electrons results with the release of 

the elements characteristic X-Ray energy
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Four Primary Types of Ionizing 

Radiation:

Neutrons

Neutrons: Have the same mass as protons but are uncharged

They behave like bowling balls
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Four Primary Types of Ionizing 

Radiation

ÅAlpha particles

ÅBeta particles

ÅGamma rays (or photons)

ÅX-Rays (or photons)

ÅNeutrons
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Shielding for  a,  band g
BASIC CONCEPT is to:

Place materials between the 

source and person to absorb some 

or all of the radiation
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DNA and Radiation
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Ionizing Radiation at the Cellular 

Level

ÅCauses breaks in 

one or both DNA 

strands or;

ÅCauses Free Radical

formation
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3Cellular Effects

Cell death

Cell repair

Cell change

Is this change good or bad?
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Our Bodies Are Resilient
Å DNA damage is most important and can lead to 

cell malfunction or death.  

Å Our body has ~ 60 trillion cells

ï Each celltakes ña hitò about every 10 seconds, 
resulting in tens ofmillions of DNA breaks per cell
each year.

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

Å Our bodies have a highly efficient DNA repair 
mechanisms
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Dividing Cells are the Most 

Radiosensitive

ÅRapidly dividing cells are more susceptible to 

radiation damage.

ÅExamples of radiosensitive cells are;

ïBlood forming Cells

ïThe intestinal lining

ïHair follicles

ïA fetus
This is why the fetus has a exposure limit (over gestation 

period) of 500 mrem (or 1/10
th

of the annual adult limit)
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At HIGH Doses, We KNOW        

Radiation Causes Harm

ÅHigh Dose effects seen in:

ïRadium dial painters

ïEarly radiologists

ïAtomic bomb survivors

ïPopulations near Chernobyl

ïMedical treatments

ïCriticality Accidents

ÅIn addition to radiation sickness, increased cancer rates 

were also evident from high level exposures.
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Effects of ACUTE Exposures

Dose (Rads*) Effects

25-50
First sign of physical effects

(drop in white blood cell count)

100
Threshold for vomiting (within 

a few hours of exposure)

320 - 360
~ 50% die within 60 days 

(with minimal supportive care)

480 - 540
~50 % die within 60 days

(with supportive medical care)

1,000 ~ 100% die within 30 days *
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Old Terms

ÅRoentgen-Based on the quantity of electrical charges 

produced in air by X or Gamma photons 1R=2 billion pr

ÅRAD-Radiation Absorbed Dose is the work energy 

resulting from the absorption of one ROENTGEN or 6.24 

E5 Mev
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More Old Terms

ÅREM- Roentgen Equivalent Mammal is equal to the 

absorbed does in RADS multiplied by a quality factor

ÅQuality Factors

ÅBeta = 1

ÅGamma &  X  ray  photons = 1

ÅAlpha = 10

ÅNeutrons = 20
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New Terms sort of

International Units have replaced the RAD 

and REM

GRAY (Gy) = 100 RAD

SIEVERT (Sv) = 100 REM

Same Quality Factors apply to the Sv
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Units of Radioactivity

ÅCurie  (Ci) = 2.22 E12 dpm or 3.7E10 dps

ÅBecquerel (Bq) = 1 dps

ÅMaximum Dose/year = 5 REM or 50 mSv

ÅMaximum Dose/year for Declared Pregnant 

Woman  & Minors= 0.5 REM or 5 mSv




