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Nuclear Threat

 Formerly
Soviet Union
Nuclear fallout

 Now
NBC threat against 
civilians
Accidental exposure 
of workers and public
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Accidental Exposure in Brazil 

 Cesium-137 source found by scavengers in 1987
 Source broken open, contents shared
 112,800 surveyed for contamination
 120 externally contaminated only
 129 internally & externally contaminated
 20 required hospital treatment
 14 developed bone marrow depression
 8 treated with Granulocyte Macrophage 

Colony-Stimulating Factors (GM-CSF)
 4 died acute phase, hemorrhage, infection
 1 died in 1994 from liver failure

Images:  CIA



Medical Staff Exposure

Medical staff received doses: 
 Maximum 500 millirem (5 millisieverts)
Natural background radiation dose ~ 200 
millirems annually

 Average 20 millirem (0.2 millisieverts)
Equivalent to one chest X-ray



Juarez, Mexico Incident
 400 curies of cobalt-60 in stainless steel therapy device 

sold for scrap
 Ended up in recycled steel rebar
 Wrong turn into Los Alamos lab
 I0 people significantly exposed
 1 construction worker died
bone cancer

 109 houses demolished 
in Mexico

Images:  CIA



US Experience 1944-1999

 243 radiation accidents leading to “serious” 
classification

 790 people received significant exposure resulting in 
30 fatalities 
 Incidents included:
 137 industrial
 80 medical
 11 criticality

Image:  DOE



The Basics of Radiation

Radiation is energy that comes from a source
and travels through matter or space

Radioactivity is the spontaneous emission of radiation:
 Either directly from unstable 

atomic nuclei, or
 As a consequence of a 

nuclear reaction, or
Machine – produced (X-ray)

Image:  NOAA



Contamination

 Defined as internal or external deposition of radioactive 
particles

 Irradiation continues until source removed by washing, 
flushing or radioactive decay

 Some radiations not harmful unless emitted internally
 Alpha, beta, or gamma irradiation cannot cause objects 

or people to become radioactive



Radiation
 Two categories: ionizing and non-ionizing
 Ionizing - enough energy to remove an electron from an 

atom, producing charged particles in matter
 Natural ionizing sources: cosmic rays, 

radon gas, radioactive elements 
in body

 Human - produced: medical 
x-rays or therapies and 
weapons fall-out

Image:  DOE



Ionizing Radiation 
 Used to produce power, kill cancer cells, manufacture 

products
 Four main types of ionizing radiation
alpha particles
beta particles
x-rays or gamma rays
neutrons

Image:  National Archives



Ionizing Radiation - Alpha
 Mass of 2 neutrons and 2 protons
 Emitted by some heavy elements; e.g., Ra, U, Pu
 Non-penetrating
 Only travel inch or two in air and 50 microns in soft 

tissue
 Stopped by paper or clothing
 Alpha particles hazardous if ingested or inhaled or enter 

wound



Ionizing Radiation - Beta

 Fast - moving electrons ejected from nucleus
 Emitted by many radionuclides
 Moderately penetrating
 Can travel a few yards in air and 1/2 inch in tissue
 Can produce skin injury
 Hazardous if internally deposited
 PPE provides some protection



Ionizing Radiation - Gamma or X-Ray
 Photons: no mass or charge
 Emitted by most radionuclides or machine - produced
 Very penetrating, no fixed range
 Both internal and external hazard
 Dense materials needed for 

shielding
 PPE does not protect against 

gamma radiation

Images:  OSHA, FDA



Ionizing Radiation - Neutrons
 Neutral particle emitted from nucleus
 Emitted by a few radionuclides, produced by machine or 

nuclear weapon
 Very penetrating
 Requires special shielding for protection
 Can induce radioactivity in matter
 Can cause secondary beta and gamma radiation when 

interacting with matter



Non-Ionizing Radiation

 Enough energy to move or vibrate atoms
 Sound waves, radio waves, microwaves
 Visible, ultraviolet and infrared light
 Lasers and heat

Image:  NASA



Ionizing and Non-Ionizing Radiation

High Frequency THE ENERGY SPECTRUM Low Frequency

Cosmic          Gamma           X-Rays         Ultraviolet         Visible Light        Infrared         Microwaves         Radio 

Images:  NASA

IONIZING



Radiation Effects

Chemical 
Damage

Free Radicals
10-10 Seconds

1.  Proteins
2.  Membrane
3.  DNA
Seconds to hours

Biological
Molecular
Damage

Cells, tissues,
whole persons
Hours to years

Biological
Damage



Examples of Radioactive Materials
Radionuclide Half - Life Emit Use
Americium-241 432 y a, g Smoke detectors
Cobalt-60 5.3 y b, g Medical therapy
Californium-252 2.64 y a, g n Radiography & medical
Plutonium-238 87.7 y a, g Thermoelectric 

generation
Plutonium-239 24,100 y a, g Reactors & weapons
Radium-226 1,600 y a, g Medical therapy
Uranium (natural) 4 billion y b, g Reactors & weapons
Iridium-192 73.8 d b, g Industrial radiography



Radiological Quantities - 1

 Activity: the rate of decay of radioactive material 
expressed as the number of atoms decaying per second.

 Becquerel (Bq): the amount of material that will undergo 
one decay per second.

 Curie (Ci): the traditional unit of activity based on the 
activity of 1 g of radium. One curie (Ci) corresponds to 
37 billion (3.7x1010) decays per second.



Radiological Quantities - 2

 Absorbed Dose:  the amount of energy deposited in 
matter per unit mass. It is expressed in units of joule per 
kilogram (J/kg) with the special name gray (Gy). 

 Equivalent Dose:  the radiation protection quantity that 
places all radiations on a common scale of damage.  
Equivalent dose is the sum of the absorbed dose in 
tissue (Gy) of each radiation times a radiation weighting 
factor and given the special name sievert (Sv).  Limited 
to doses < 0.1 Sv.



Radiological Quantities - 3

 Effective Dose: a dosimetric quantity that serves as a 
measure of the genetic and carcinogenic risk of a 
radiation exposure. It takes account of the equivalent 
dose in all the tissues and organs of the body. The 
effective doses for external and internal irradiation can 
be summed. This is a useful quantity for low level 
irradiation (i.e., doses less than 0.1 Sv or 10  rem).



Units of Radiological Quantities

 International System of Units (SI)
 Conventional units are
 Roentgen (R) for exposure in air
 Rad for absorbed dose
 Rem for equivalent dose
 Microcuries (uCi) or nanocuries
 Curie for activity  



RAD and REM 

 Rad - basic physical unit of absorbed dose 
(energy per mass)

 Rem - unit of dose in radiation protection 
where the absorbed dose from the various 
radiations is adjusted for relative potential 
damage



GRAY

 Gray (Gy)- The new international system (SI) unit of 
radiation dose, expressed as absorbed energy per unit 
mass of tissue. 

 The SI unit "Gray" has replaced the older "rad" 
designation. 

 1 Gy = 1 Joule/kilogram = 100 rad. 
 Gray can be used for any type of radiation (e.g., alpha, 

beta, neutron, gamma), but it does not describe the 
biological effects of different radiations. 



Summary: Radiological Quantities

Image: SAIC

Quantity Conventiona
l Unit

SI Base Unit Special 
Name of SI 
Unit

Conversion

Exposure Roentgen
( R )

Coulomb per 
kilogram
(C kg-1)

1 R = 2.58 x 
1014 C kg-1

Absorbed 
dose

Radiation 
absorbed 
dose (rad)

Joule per 
kilogram
(J kg-1)

Gray (Gy) 1 rad = 0.01 
Gy

Equivalent 
dose

Radiation 
equivalent 
man  (rem)

Joule per 
kilogram
(J kg-1)

Sievert (Sv) 1 rem = 0.01 
Sv

Activity Curie
(Ci)

Disintegratio
n per 
second
(s-1)

Becquerel 
(Bq)

1 Ci = 3.7 x 
1010 Bq



Natural Background Radiation

Sources Dose (mrem)

Natural Sources
Radon 200
Other 100

Medical
Diagnostic x rays 39

Nuclear Medicine 14

Other 7
Total 360



Additional Annual Radiation Doses

 Lifestyle 
Cigarette smoker 1300 mrem 
Living at higher altitude 100 mrem

 Occupation 
Airline flight crew 1000 mrem
Nuclear worker 560 mrem
Medical personnel 70 mrem

Images: NIH, FAA



Terrorist Use of Nuclear Materials

 RED - radiological emission device 
 RDD - radiological dispersal device
 IND - improvised nuclear device 
 Nuclear weapon 
 Sabotage of nuclear facility



Radiological Emission Device

 Expose people to radiation without an explosion
 Spread sealed sources contents in environment

Example 1:  Cobalt-60 source placed in a public 
eating area, exposing individuals to various levels of 
radiation
Example 2: Introduce cesium-137 powder source 
into a public water distribution system



Radiological Dispersal Device

 Conventional explosion 
spreads radioactive 
materials 

 No nuclear reaction
 Atmospheric release
 Contamination of individuals 

and environment

SHIELDED CONTAINER

RADIOACTIVE                        
MATERIAL

EXPLOSIVE AGENT

CONCEPTUAL DISPERSAL 
DEVICE

Image: SAIC



Sabotage of Nuclear Facility

 1977 - Bomb explodes at US nuclear power plant 
 1979 - Bomb explodes at Spain nuclear power 

station
 1982 - 5 rockets fired into nuclear facility in 

France
 No release of radioactive material from attacks 

on facilities



Nuclear Accidents

Image: SAIC

Three Mile Island nuclear generating station, Middletown, Pennsylvania



Improvised Nuclear Device

 Explosive device designed to cause a 
nuclear event

 May result in partial yield
 Physical and human damage dependent 

on blast and thermal yield

Image: SAIC



 A fission or fusion nuclear device
 Blast/thermal effects depend on:
 Size of weapon
 Trauma (blast and thermal)
 Height of detonation

Nuclear Weapon

Image: DOE



Types of Radiation Injury

 External irradiation - whole-body or partial-body
 Contamination by radioactive materials -

external (deposited on the skin) or internal 
(inhaled, swallowed, absorbed through skin, or 
introduced through wounds)

 Combined injury: 
Radiation (external and internal)
Trauma (blast and thermal)



Severity of Radiation Illness
Dose
Dose rate
Radiation type
Duration of exposure
 Indicators of severity
 Time from exposure to onset of signs and  

symptoms
 Severity of symptoms
 Changes in white blood cells after 48 hours



Radiation Injury - External Photon Irradiation

Source

·

··
·
·
Local Partial

Body
Whole
body

• •

• •

Image: SAIC



Radiation Injury - Contamination
InternalExternal

Images: SAIC



Radiation Injury - Incorporation

Thyroid
Lung

Liver
Bone

Image: NCI, NIH, SAIC



Acute Radiation Syndrome (ARS)

 Group of signs and symptoms that develop after 
acute total body irradiation (> 50 rads)

 Most probable following exposure to penetrating 
radiation

 May occur from internal contamination 
 Symptoms are predictable depending on the 

dose
 Severity related to how quickly signs and 

symptoms develop



ARS Phases

 Prodromal phase
Occurs in the first 48 - 72 hours post-exposure
Characterized by nausea, vomiting, and anorexia
At doses below about 500 rads lasts 2 to 4 days

 Latent period
Follows prodromal phase
Lasts for approximately 2 to 2 1/2 weeks
Critical cell populations (leukocytes, platelets) decrease
Time interval decreases as the dose increases

 Illness phase
Period when overt illness develops

 Recovery or death phase
May take weeks or months



ARS Diagnosis

People exposed to radiation will develop ARS only if 
all the following are true: 

•The radiation dose was high 
•The radiation was penetrating (i.e., able to reach 
internal organs, as with x-rays or gamma rays) 
•The person's entire body, or most of it, received 
the dose 
•The radiation was received in a short time, usually 
within minutes

Adapted from Acute Radiation Syndrome (HHS/CDC) 
http://www.bt.cdc.gov/radiation/ars.asp

http://www.bt.cdc.gov/radiation/ars.asp


ACUTE RADIATION SYNDROME



Acute Radiation Syndrome (ARS)

ARS-also Known as Radiation Sickness

Clinical severity of the four ARS subsyndromes
will vary with dose and host factors: 

Hematopoietic
Gastrointestinal 
Neurovascular
Cutaneous



Survival Time

200 Rads
2 Gy

800 Rads
8 Gy

10,000 Rads
100 Gy

Hematopoietic
System Gastrointestinal

System

CNS 

Survival
Time

NO CHANGE IN EXPECTED LIFE



ARS - Hematopoietic System

 Radiation Dose > 50 rem
 Depression of bone marrow function
 Blood profile changes ~ 24 h post exposure
Lymphocytes rapidly depressed
Leukocytes & thrombocytes less rapid 
depression

 Decreased resistance to infection & anemia as 
early as 10 days, extending to 6-8 weeks



ARS - Gastrointestinal System

 Radiation > 600 - 800 rems
 Damages intestinal lining
 Nausea and vomiting within the first 2 to 4 hours
 May develop diarrhea
 Associated with sepsis and opportunistic infections
 At 10 days could develop bloody diarrhea resulting 

in death



ARS - Central Nervous System

 Seen with radiation dose > 200 Gy range
 Microvascular leaks - edema 
 Elevated intracranial pressure
 Death within hours

Image: NASA



Onset of Clinical Signs of Skin Injury

Symptom Dose (rem) Time (day)
Erythema 300 – 1000 14 – 21

Epilation > 300 14 -18

Dry desquamation 800 – 1200 25 – 30

Moist desquamation 1500 – 2000 20 – 28

Blister formation 1500 – 2500 15 – 25
Ulceration > 2000 14 – 21
Necrosis > 2500 > 21



ARS & Trauma

 Radiation and Trauma =  Increased Mortality
 Wound and burn care, surgery, and orthopedic repair should 

be done in the first 48 hours or delayed for 2 to 3 months
 If not within 48 hours then delay surgery for 2 - 3 months

24 - 48
Hours

3 Months

Emergency
Surgery

Hemopoietic 
Recovery
No Surgery

After 3 Months

Surgery
Permitted



Triage:  Classification, 
Treatment & Disposition

Patients are classified in three categories based 
on signs and symptoms:

Survival probable      < 100 rads (1 Gy)

Survival possible    200 - 800  rads (2-8 Gy)

Survival improbable   > 800 rads (8 Gy)



Radiation Protection Guidelines

 Time
 Distance
 Shielding

Images:  DOE, NASA, SAIC



Rescue - General Principles

 Locate operation base 150 ft. upwind (2,000 ft. 
or greater in nuclear explosion)

 Assume environment and occupants are 
contaminated

 Don PPE before rescue
 Radiological survey should be performed
 Responding personnel should have dosimeters



Scene Assessment

 Don PPE before entering area 
 Assume environment and occupants are  

contaminated
 Responding personnel should have dosimeters
 Identify all hazards (physical, chemical, fire, etc.)

 Radiological survey should 
be performed

Image: SAIC



Check for Presence of  Radiological 
Contamination

Instruments needed in:

Reception area

Emergency treatment area

Roving (as needed - patients, 
personnel, waste)

Different instruments respond differently

 Instruments respond to gamma and beta

 Few instruments respond to alpha emissions

 Know what you are trying to measure

Image: DOE



Radiation Detection Instruments
Instruments
G.M. Survey Meter
Ionization Chamber
Scintillation Detector
Alpha Meter

Image: SAIC



Personal Radiation Dosimeters
Personal Dosimeters
Film Badge
Thermoluminescent Dosimeter
Pocket Ion Chamber
Electronic Dosimeter

Images: SAIC



Establishing a Hot Line 
and Decontamination Area

 Hot line separates clean and contaminated 
areas

 Defined by radiological survey
 Decontamination and treatment areas upwind of 

release

Image: SAIC



Triage Considerations

* Classify on basis of survival probability
 Maximize existing resources
 Principles the same regardless of contamination
 Degree of irradiation injury may not be apparent 

initially
 Lethal dose indicated by early onset of 

confusion, delirium, vomiting, or diarrhea 



Limit Further Radiation Exposure
 Remove the victim from the contaminated area
 Perform rapid immobilization if possible
 Enter high radiation area only for life-saving 

rescues 
 Limit time spent in hazardous environment
Rotating rescue teams
Quick ingress and egress

Image: SAIC



Illness and Injury Treatment

 Treat according to BTLS and ATLS guidelines
 Treatment should not be delayed for decontamination
 Treatment may be delayed to ensure safety of 

personnel
 Expose wounds, flush, and cover with sterile dressing

Image: SAIC



Decontamination

 Personnel should don PPE
 Remove and bag victim’s clothing
 Shower with soap and water
 Effective for mixed radiation 

and chemical contamination

Image: SAIC



Patient Transport

 EMS personnel should don PPE
 “Package” patient prior to transport
 Prepare “clean” ambulance 
 Must be cleared before returning to service



Patient Assessment

Assign patients a tracking number
Record:
 Type and route of exposure
 Medical status of patients
 ID of radioactive material, if available
 Patient survey and decontamination status
 Signs and symptoms 
 ETA to definitive care

Enter data into patient tracking database



Internal Contamination/Incorporation

 Various medications and treatments can be used to limit 
uptake or facilitate removal of radioactive material

 Numerous medications are approved by the FDA.  
Certain drugs are investigational and can be used in an 
emergency (i.e. Radiogardase [Prussian Blue] and 
DTPA)

 See NCRP 65 (currently under revision) 
for further advice



Psychological Effects

 Mass Casualty Incident (MCI) caused by nuclear 
terrorism may create large numbers of concerned 
individuals who may not actually be injured or 
contaminated - often called the “worried well”

 As noted in 1989 Brazil incident
 Establishing counseling centers will help prevent 

psychological casualties from overwhelming 
health care facilities



Persistent Psychological Effects 
of Radiation Exposure

 Increase in anxiety, depression, and impairment of daily 
routine

 Highlighted concern about harm and illness
 Obsessive thoughts
 Distrust and alienation from others
 Persist over time (1 1/2 - 5 years)
 Considered a subtype of Post Traumatic Stress Disorder 

(PTSD)



Key Points

 Spend as little time as possible in any radiation exposure 
environment

 Donning PPE and decontaminating patients minimizes 
exposure risk to victim and medical personnel alike

 Maintain maximum possible distance from 
radiation source

 Limit time spent in contaminated area
 Early symptoms are an indication of the severity of the 

radiation dose



Questions



SUGGESTED READINGS

 Second Edition, MEDICAL MANAGEMENT OF RADIOLOGICAL 
CASUALTIES HANDBOOK. Military Medical Operations Armed 
Forces Radiobiology Research Institute, Bethesda, Maryland 
20889–5603 April 2003.  Website also has information on 
Prussian Blue administration. Available online at: 
http://www.afrri.ushs.mil

 CASUALY MANAGEMENT AFTER DETONATION OF A 
NUCLEAR WEAPON IN AN URBAN ENVIRONMENT. May 20, 
2005. DHHS. CDC Guidance. Available online at: 
http://www.remm.nlm.gov/ (website updated July, 2007)

http://www.afrri.ushs.mil/
http://www.remm.nlm.gov/
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