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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
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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
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Annual Dose Limits
External/Internal Exposure Limits for Occupationally Exposed Individuals

Adult ($18 yrs) Minor (< 18 yrs)

Whole body* 5000 mrem/yr 500 mrem/yr

Lens of eye 15000 mrem/yr 1500 mrem/yr

Extremities 50000 mrem/yr 5000 mrem/yr

Skin 50000 mrem/yr 5000 mrem/yr

Organ 50000 mrem/yr 5000 mrem/yr



ARSCE 2002; WPM-A.4 33

Typical Doses
Average Dose to US Public from All sources 360 mrem/year 

Average Dose to US Public From Natural Sources 300 mrem/year 

Average Dose to US Public From Medical Uses 53 mrem/year

Coal Burning Power Plant 0.2 mrem/year

Average dose to US Public from Weapons Fallout < 1 mrem/year

Average Dose to US Public From Nuclear Power < 0.1 mrem/year

Occupational Dose Limit for Radiation Workers 5,000 mrem/yr

Coast to coast Airplane roundtrip 5 mrem

Chest X ray 8 mrem

Dental X ray 10 mrem

Head/neck X ray 20 mrem

Shoe Fitting Fluoroscope (not in use now) 170 mrem

CT (head and body) 1,100 mrem

Therapeutic thyroid treatment (dose to the whole 

body) 7,000 mrem
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Radiation is a type of energy; 

Contamination is material
ÅExposure to Radiationwill not contaminate 

you or make you radioactive

ÅContaminationis Radioactive Material spilled 
someplace you donôt want it.

ÅRadioactive contamination emits radiation

ÅContact with Contaminationcan contaminate 
you with the material
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Radiation Protection

ÅDecrease Time

ÅIncrease Distance

ÅIncrease Shielding
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Something Extra

I̧rradiating Food

¸Radon

¸Dirty Bombs
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Radioactive Material Production, 

Transportation, and Use
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Radioactive Material Production, 

Transportation, and Use

ÅThe creation, shipping, and use of 
radioactivematerial is highly 
regulated (IAEA, NRC, DOT, 
etcé).

ÅHigh Activity Sources can only be 
produced by sophisticated methods 
(e.g. reactors & accelerators).

ÅHigh activity sources can only be 
obtained after special licensing to 
ensure their safe useand their 
security.

ÅSimilar regulations exist in other 

http://web.umr.edu/~reactor/cerenkov.html
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Shielding Requirements Limit 

Portability
ÅFor gamma sources: the higher the activity, the 

more shielding you require to transport the source.

Small radiography 

sources:

Åtypically 0.1 Ci 

to 200 Ci.

Å30 ð50 Lbs

Medium radiography 

sources:

ÅHundreds of Ci

Å200 - 400 Lbs

Large industrial 

source:

Å9,000 Ci

Å3 tons of shielding



ARSCE 2002; WPM-A.4 41

High Activity Radioactive Material

ÅSpent Nuclear Fuel & High 

Level Waste

ÅRadioisotope Thermoelectric 

Generators (RTG)

ÅMedical & Radiographic 

sources

10 -100

kiloCi

1 - 10

kiloCi

(when spent)

0.01 - 0.2

kiloCi

1-10

kiloCi

1 - 500

kiloCi

(when spent)
Fuel Assembly
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Spent Fuel

ÅCurrently stored ñonsiteò at

locations throughout the

country.

ÅSpent Fuel containers extremely 

rugged and made to withstand 

extreme accident conditions.

ÅFor thirty years, > 5,000 highly-

radioactive fuel assemblies have 

been shipped without radiation 

release (despite several accidents).

ÅSecurity measures are taken.
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Radioisotope Thermoelectric 

Generators (RTG) 

Self heated

Plutonium 238 

ÅThe heat generated by the radioactive decay is used to generate 

electricity

ÅUsed when maintenance free power is need for decades 

(satellites, ocean bottom, and arctic applications)

ÅRTGs most often made from Sr-90 (0.46 kW/kg) or Pu-238 (0.54 

kW/kg).
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Portable Radiography Sources
ÅñTop strengthò industrial radiography sources can burn fingers 

and cause radiation sickness within a few minutes.

ÅEffects drop off dramatically with distance. Outside of 3 meters, 
acute effects rare even after hours of exposure. 

ÅSources are constructed to meet rigorous testing standards.  A 
typical source is encapsulated in two (2) TIG welded Stainless 
Steel Capsules.

ÅSource Material itself is often metal (Cobalt or Iridium) or 
embedded on non-soluble ceramics or ñmicrospheresò to prevent 
inhalation of radioactive material if the source encapsulation is 
breached.
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Facility Based Irradiators
ÅThese sources can have

10 to 100 times more

radioactivity than 

radiography sources 

ÅFound in food irradiators,

medical sterilizers, etc..

ÅThe shielded enclosures that hold 

the sources weigh more than a 

ton.

ÅDifficult to remove source from 

the facility or equipment.
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High Activity Source Transportation
Containers that ship high activity sources are meant 

to withstand very punishing accident conditions. 
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Conclusion:
Radioactive Material Production, Transportation, and Use
ÅHigh Activity Radioactive Material is highly 

regulated.

ÅIndustrial Sources are very robust and made not 

to leak.

ÅWhen dangerous quantities are shipped, the 

material is put in a container capable of 

withstanding harsh accident conditions.

ÅVery high activity industrial/medical sources 

are facility based and difficult to remove.
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How Might High Activity 

Radioactive Material be Misused?
ÅExpose people to an external 

source of radiation.  

ÅDisperse radioactive material using 

conventional means. 

ÅExplosively Disperse radioactive 

material [a ñDirty Bombò].

ÅCreate a Nuclear Weapon (this 

requires special nuclear material) 
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Potential consequences of dispersal of 

radioactive material into...

Facility ventilationsystems
ïInhalation (Internal) Dose hazard 

ïInterruption of ónormal lifeô

ïExpensive cleanup costs

ÅWater supplies
ïHigh Dilution

ïIndividually significant doses would not
likely result.

The general environment (ñdirty bombsò, 
crop dusters, fire, sprayer, etc..)
ÅLow likelihood of acute radiological effects

ÅMay require population shelter or evacuation

ÅMay be difficult to clean outdoor areas



ARSCE 2002; WPM-A.4 50

WHAT IS A óDIRTY BOMBô?
ÅA ñDirty Bombò is conventional explosives combined 

with radioactive material with the intention of 

spreading the radioactive material over a relatively 

large area.  

ÅThis is NOT a nuclear explosion, the radioactive 

material does not enhance the explosion.

ÅVery few deaths would be expected from acute 

radiological exposure (the greatest hazard would 

likely be from the effects of the conventional 

explosives).

ÅThe contamination will hamper emergency response 

efforts and can delay hospital treatment. 

ÅWidespread contamination can deny the use of 
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External Exposures
ÅFocused radiation or localized 

contamination can result in radiation 

effect to specific areas on the body

ÅWhole body exposure can result from:

ïA passing radioactive cloud or smoke

ïA large, distant point source

ïExposure from contamination deposited 

on the ground
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Internal Exposures

ÅOnce radioactive material is deposited in 
the body, it can expose the person from 
within.

ÅThe magnitude of the dose will depend on 
many factors:

ïHow much material was deposited,

ïHow it got into the body (ingestion, inhalation, 
absorption, or injection)

ïChemical form of the radioactive material,

ïthe radiation it produces, 

ïHow quickly it decays, and

ïHow quickly the body eliminates the material
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Internal Exposures

ÅDose from internal depositionsare usually 

expressed by summing dose that will be 

received over the next 50 years from a 

one time internal deposition.

ïReferred to as Committed Effective Dose 

Equivalent (CEDE).

ïThis dose calculation/estimate takes into 

account factors on the previous slide.

ïEven with a large CEDE, there may or may not 

be acute effects from the exposure.
Do not use internal doses to predict acute 

exposure effects like nausea and vomiting.
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Types of Exposure & Health Effects
ÅAcute Dose
ïLarge radiation dose in a short period of time

ïLarge doses may result in observable health effects
ÅEarly: Nausea & vomiting

ÅHair loss, Fatigue, & medical complications

ÅBurns and wounds heal slowly

ïExamples: Medical Exposures and
accidental exposure to sealed sources

ÅChronic Dose
ïRadiation dose received over a long period of time  

ïBody more easily repairs damage from chronic doses 

ïDoes not usually result in observable effects

ïExamples: Background Radiation and
Internal Deposition Inhalation
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The Human Factor
ÅConcerns about radiation and contamination often 

produce an exaggerated emotional response.
ïCanôt detect it with our 5 senses

ïAssociated with cancer

ïReminiscent of ñcold warò fears

ïScience difficult to understand

ïOut of our control

ÅPossible results may beé
ïUnexposed people saturating the medical community

ïHealth and economic effects from long term anxiety or 
depression in the community
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Conclusion:
Misuse of Radioactive Material

ÅHigh activity sources can cause health effects, but only 
to those in close proximity.

ÅAcute health effects from distributed radioactive 
material unlikely without prolonged, high-
concentration exposure.

ÅRadiation or contamination will hinder response 
efforts.

ÅDenial of facilities and areas will have a major cost 
effect

ÅPublic anxiety and itôs effects may be the primary 
lasting health effect.
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First Responder Considerations
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A Case Study: Goiania, Brazil 1987
ÅWhen a hospital changed locations, a radiation therapy 

unit was temporarily left behind.

ÅScrap metal hunters found the unit and dismantled it for 

scrap metal (~ Sept 18th).

ÅThe 1.4 kiloCi (1,400 Ci) Cs-137 source containment was 

breached during the process.

ÅPieces of source distributed to

family and friends.

ÅEveryone was impressed by ñthe glowing

blue stones.ò Children & adults 

played with them.

ÅSerious radiological accident recognized

on Sept 29th when Acute Radiation Syndrome

symptoms where recognized by hospital staff.
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Initial Response
112,000 people(10 % of Goianiaôs population) were 

surveyed at an Olympic Stadium.

ï250 were identified as contaminated

ï50 contaminated people were isolated in a camping area inside the 

Olympic Stadium for more detailed screening

ï20 people were hospitalized or transferred to special housing with 

medical

and nursing assistance 

ï8 patients transferred

to the Navy Hospital in

Rio de Janeiro

ïResidential 

contamination survey

was initiated
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Early Consequences

ÅWidespread contamination of 
downtown Goiania

Å85 residences found to have 
significant contamination 
(41 of these were evacuated and 
a few were completely or 
partially demolished)

ÅPeople cross-contaminated 
houses 100 miles away

ÅHot Spots at 3 scrap metal 
yards and one house
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Radiation Injuries and Uptakes
Å4 fatalities (2 men, 1 woman and 1 child) 

Å28 patients had radiation induced skin injuries
(they held/played with the source for extended periods)

Å50 people had internal

deposition (ingestion) 
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Conclusions
ÅLong and expensive clean-

up effort.

ÅProfound psychological

effects such as fear and 

depression on large 

populations

ÅIsolation and boycott of 

goods by neighbors
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Response to a Radiological Incident

~ Contamination ~
ÅMonitor and isolate contaminated area

ÅEvacuate and ñgross deconò victims (removal of 

outer clothing is an effective gross decontamination 

method)

ÅAvoid breathing in radioactive material

ïShelter in place (close windows, turn off

heating and A/C)

ïEvacuate, when safe to do so

ïWear respiratory protection

ÅRadioactive material will not be uniformly 

distributed.  Radiation ñHot Spotsò near the source 

of the event will be a hazard.
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Response to a Radiological Incident

~ Radiation ~

ÅTime:  Limit the time spent in an areas 
of high radiation

ÅDistance:  Exposure decreases 
dramatically as you increase your 
distance from the source.

ÅShielding: Radiation is blocked by 
mass.  When practical, operate behind 
objects (fire trucks, buildings, etc..)
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Radiological Considerations for 

Public Protective Actions
ÅThe EPA has developed Protective Action 

Guides (PAG) the help responders determine 

when evacuation is necessary:

ïShelter & Evacuation PAGs are based on 1 & 5 rem 

exposures to the public.

ïEmergency phase PAGs are based on a 4 day exposure to 

ñre-suspendedò material and is dependant on weather.

ïDeveloped for acute exposures (such as at a power plant 

accident), these guidelines are conservativefor chronic 

internal exposures.
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�(�[�D�P�S�O�H�����%�U�D�]�L�O�¶�V�������������N�&�L��
(1,370 Ci) Cs -137 Source 

Made Into a
�³�'�L�U�W�\���%�R�P�E�´

ÅDespite the accident in Brazil, sources of 
this strength are very difficult to obtain.

ÅThis model assumes ñworse caseò in that:

ïThe source was 100% aerosolized

ïLots of explosive (~ 10 sticks of dynamite)

ïPresumes exposed populations ñstood 
outsideò during the exposure period.

ïEffects dependant on weather


