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Author’s notes

Over my career in health physics starting with a US
Army CBR unit at Dugway Proving Grounds in 1965 | have
needed to quickly find that elusive data point that | just
couldn’t remember, even though | knew the information was in
one of my several hundred reference books.

So, here it is today, the product of my work to
assemble useful field information from a wide range of
sources.

| must give credit to those individuals who put their
efforts into creating the original data. Without their work, this
document could not have been assembled.

My family has given me their unlimited support in my
development of this reference book and in my projects all
through my career. Sandy my wife of 30 some years and our
two daughters Susan and Sarah and their excellent husbands,
Bill Gilson and Rolfe Bergstrom, our son-in-laws, continue to
provide me with a steady foundation that allows me to try out
new concepts.

James T. (Tom) Voss, NRRPT, CHP
Fellow of the Health Physics Society
Northern New Mexico, 2011

Send your corrections, additions, deletions, and comments to:

JTVOSS@NEWMEXICO.COM VOSS-ASSOCIATES.COM
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RADIOLOGICAL EMERGENCY RESPONSE

Write in Your Emergency Phone Numbers

Supervisor:

Team Office:

Group Office:

Division Office:

Emergency Response Team:

Fire Department:

Hospital:

Guidelines for Control of Emergency Exposures

Use a dose limit of: (EPA-400)

5 rem (50 mSv) for all emergency procedures

10 rem (100 mSv)  only for protecting major property

25 rem (250 mSv)  for lifesaving or protection of large
populations

> 25 rem (250 mSv) for lifesaving or protection of large

populations only by volunteers and
where the risks have been evaluated
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EMERGENCY RESPONSE

SWIMS for Radiological and Other Emergencies

Only under extreme radiological conditions such as external
radiation greater than 100 rem / hr or airborne radioactivity
concentrations greater than 100,000 DAC would the radiological
emergency take precedence over serious personnel injuries.
Hazardous conditions such as atmospheres that are IDLH
would require you to implement controls to protect the
emergency responders. Therefore, you would not attempt to
move a seriously injured person before medical personnel
arrived unless the radiological or other hazardous condition
presented a greater danger to that person and yourself.

Stop or Secure operations in the area. If applicable, secure the
operation causing the emergency.

Warn others in the area as you are evacuating. Do not search
for potentially missing personnel at this stage of the emergency.

Isolate the source of the radiation or radioactivity or other
contaminant or hazard only if you understand the operation and
are qualified to isolate the source.

Minimize individual exposure and contamination. Control the
entry points to the area if possible.

Secure unfiltered ventilation. Evaluate the radiological or other
hazardous condition and advise facility personnel on ventilation
control.

2

EMERGENCY RESPONSE

SWIMS for Radiological and Other Emergencies

Only under extreme radiological conditions such as external
radiation greater than 100 rem / hr or airborne radioactivity
concentrations greater than 100,000 DAC would the radiological
emergency take precedence over serious personnel injuries.
Hazardous conditions such as atmospheres that are IDLH
would require you to implement controls to protect the
emergency responders. Therefore, you would not attempt to
move a seriously injured person before medical personnel
arrived unless the radiological or other hazardous condition
presented a greater danger to that person and yourself.

Stop or Secure operations in the area. If applicable, secure the
operation causing the emergency.

Warn others in the area as you are evacuating. Do not search
for potentially missing personnel at this stage of the emergency.

Isolate the source of the radiation or radioactivity or other
contaminant or hazard only if you understand the operation and
are qualified to isolate the source.

Minimize individual exposure and contamination. Control the
entry points to the area if possible.

Secure unfiltered ventilation. Evaluate the radiological or other
hazardous condition and advise facility personnel on ventilation
control.

2

EMERGENCY RESPONSE

SWIMS for Radiological and Other Emergencies

Only under extreme radiological conditions such as external
radiation greater than 100 rem / hr or airborne radioactivity
concentrations greater than 100,000 DAC would the radiological
emergency take precedence over serious personnel injuries.
Hazardous conditions such as atmospheres that are IDLH
would require you to implement controls to protect the
emergency responders. Therefore, you would not attempt to
move a seriously injured person before medical personnel
arrived unless the radiological or other hazardous condition
presented a greater danger to that person and yourself.

Stop or Secure operations in the area. If applicable, secure the
operation causing the emergency.

Warn others in the area as you are evacuating. Do not search
for potentially missing personnel at this stage of the emergency.

Isolate the source of the radiation or radioactivity or other
contaminant or hazard only if you understand the operation and
are qualified to isolate the source.

Minimize individual exposure and contamination. Control the
entry points to the area if possible.

Secure unfiltered ventilation. Evaluate the radiological or other
hazardous condition and advise facility personnel on ventilation
control.

2

EMERGENCY RESPONSE

SWIMS for Radiological and Other Emergencies

Only under extreme radiological conditions such as external
radiation greater than 100 rem / hr or airborne radioactivity
concentrations greater than 100,000 DAC would the radiological
emergency take precedence over serious personnel injuries.
Hazardous conditions such as atmospheres that are IDLH
would require you to implement controls to protect the
emergency responders. Therefore, you would not attempt to
move a seriously injured person before medical personnel
arrived unless the radiological or other hazardous condition
presented a greater danger to that person and yourself.

Stop or Secure operations in the area. If applicable, secure the
operation causing the emergency.

Warn others in the area as you are evacuating. Do not search
for potentially missing personnel at this stage of the emergency.

Isolate the source of the radiation or radioactivity or other
contaminant or hazard only if you understand the operation and
are qualified to isolate the source.

Minimize individual exposure and contamination. Control the
entry points to the area if possible.

Secure unfiltered ventilation. Evaluate the radiological or other
hazardous condition and advise facility personnel on ventilation
control.

2



HAZARD CONTROL PRIORITIES
DURING MEDICAL EMERGENCIES

Immediate treatment by trained medical personnel should be
sought for any serious injuries such as those involving profuse
bleeding or broken bones. The order of priority should be to
protect lives, protect property, and then to control the spread of
contamination.

Identifying a Major Injury

Consider the following points in determining if the injury should
be handled as a major injury.
Any head injury (from base of neck to top of head)
Any loss of consciousness
Any disorientation
Any convulsion
Any loss of sensation
Any loss of motor function
Limbs at abnormal angles
Amputations
Any burn of the face, hands, feet, or genitals
(chemical, thermal, or radiation)
Any burn larger than the palm of your hand
Any inhalation of any abnormal substance
Profuse bleeding
Abnormal breathing patterns
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Major Injuries Occurring in Hazardous Areas

Protect yourself - consider the magnitude of any radiation field,
airborne contamination, or other hazard.

Stay with the victim unless doing so puts you at immediate risk
to life or health.

Don’t move the victim unless there is a danger from some
environmental emergency such as fire, explosion, hazardous
material spill, or radiation field.

If you must move the victim, drag them by either the hands or
the feet to a safe area.

Apply First Aid Only if you are trained to do so.

Secure help - yell or phone, but don’t leave the victim unless
necessary.

Send someone to meet the ambulance to guide the medical
personnel to the victim.

Prepare the area for access by the medical team.

Begin a gross hazard evaluation of the immediate area near the
victim, beginning with the victim.

Be sure to survey any object that caused the injury.

Provide information to medical personnel about the victim
(what happened, how, when, location of phone and exits,
indicate which areas on the victim are contaminated and include
contamination values).
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ACUTE RADIATION EFFECTS

0 - 25 REM
minimal decrease in white blood cell count for ~ 2weeks
increase in risk of dying from cancer from US average risk of
~ 14 persons per 100 population to ~ 17 persons per 100
population (3 additional persons per 100 population will
experience the onset of terminal cancer ~25 years after the
acute exposure)

> 25 REM - <100 REM
small decrease in white blood cell count for > 2 weeks
increase in risk of dying from cancer to ~ 26 in 100

> 100 REM - < 200 REM
moderate decrease in white blood cell count
25% of those exposed will experience nausea within a few
hours
less than 5% of those exposed require hospitalization
increase in risk of dying from cancer to ~ 38 in 100

> 200 REM - < 600 REM
major decrease in white blood cell count
~ 100% of those exposed will experience nausea within a few
hours
appearance of bruises on skin (purpura)
pneumonia symptoms
hair loss
90% of those exposed require hospitalization
decrease in thinking ability for ~ 2 weeks
increase in risk of dying from cancer to ~ 74 in 100
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600 REM - < 800 REM
all of the above symptoms will be present
100% of those exposed require hospitalization
~ 100% of those exposed will die within a few weeks
without medical treatment
increase in risk of dying from cancer to ~ 98 in 100

800 REM - < 2000 REM
all of the above symptoms will be present
diarrhea, fever, electrolytes imbalance, Gl tract and
respiratory system failure
100% of those exposed will be incapacitated within hours
very few of those exposed will survive

> 2000 REM
100% mortality within a few days

Lymphocyte - white blood cells

Leukopenia - abnormally low white blood cell count
Purpura - purple discoloration of skin caused by blood
bleeding into the skin tissue

Pneumonia - inflammation of lung tissue, accompanied by
fever, chills, cough, and difficulty in breathing
Hematopoietic — decrease in the formation of blood cells
Ataxia - inability to coordinate voluntary muscular
movements

BEIR V 1990 800 excess deaths per 100,000 persons at 10
rem

4,000 Hiroshima survivors in excess of 50 rem dose had an
extra 300 incidences of cancer

( ~ 7500 excess deaths per 100,000 at 50 rem)

( ~ 1500 excess deaths per 100,000 at 10 rem)
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TABLE OF THE ELEMENTS

z Density Z Density
89 Actinium Ac 10.07 64 Gadolinium Gd 7.90
13 Aluminum Al 2.6989 31 Gallium Ga 5.9
95 Americium Am 13.67 32 Germanium Ge 5.32
51 Antimony Sb 6.618 79 Gold Au 19.32
18 Argon Ar 0.0018 72 Hafnium Hf 13.31
33 Arsenic As 5.727 105 Hahnium Ha ~ 18
85 Astatine At ~15 2 Helium He 1.8E-3
56 Barium Ba 3.51 67 Holmium Ho 8.795
97 Berkelium Bk 14 1 Hydrogen H 9E-5
4  Beryllium Be 1.848 49 Indium In 7.31
83 Bismuth Bi 9.747 53 lodine I 493
5 Boron B 2.37 77 Iridium Ir 2242
35 Bromine Br 3.12 26 Iron Fe 7.87
48 Cadmium Cd 8.65 36 Krypton Kr 0.0037
20 Calcium Ca 1.55 57 Lanthanum La 6.15
98 Californium Cf ~ 18 103 Lawrencium Lr ~18
6 Carbon C 205 82 Lead Pb 11.35
58 Cerium Ce 6.67 3 Lithium Li 0.534
55 Cesium Cs 1.873 71 Lutetium Lu 9.84
17 Chlorine Cl 0.0031 12 Magnesium Mg 1.738
24 Chromium Cr 7.19 25 Manganese Mn 7.43
27 Cobalt Co 8.9 101 Mendelevium Mv ~ 18
29 Copper Cu 8.96 80 Mercury Hg 13.546
96 Curium Cm 13.51 42 Molybdenum Mo 10.22
66 Dysprosium Dy 8.54 60 Neodymium Nd 7.008
99 Einsteinium Es ~ 18 10 Neon Ne 0.0009
68 Erbium Er 9.066 93 Neptunium Np 20.25
63 Europium Eu 5.244 28 Nickel Ni 8.9
100 Fermium Fm ~ 18 41 Niobium Nb 8.57
9  Fluorine F 0.0017 7 Nitrogen N 0.00125
87 Francium Fr ~15 102 Nobelium No ~18
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z Density

76 Osmium Os 22.57

8 Oxygen O 0.00143
46 Palladium Pd 12.02
15 Phosphorus P 2.2

78 Platinum Pt 21.45
94 Plutonium Pu 19.84
84 Polonium Po 9.32

19 Potassium K 0.862

59 Praseodymium Pr 6.773
61 Promethium Pm 7.264
91 Protactinium Pa 15.37

88 Radium Ra 5.5

86 Radon Rn 0.0097
75 Rhenium Re 21.02
45 Rhodium Rh 12.41
37 Rubidium Rb 1.532
44 Ruthenium Ru 12.41

104 Rutherfordium Rf ~18

62 Samarium Sm7.54
21 Scandium Sc 2.989
106 Seaborgium Sg ~18
34 Selenium Se 4.5

z

Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
Zinc
Zirconium

RADIOACTIVITY

XA Z =
X = element
A =

Decay Alpha

Modes Beta Minus
Beta Plus (Positron)
Electron Capture
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Relative Locations of Products of Nuclear Processes

He® in a in

B out p in d in t in

n out Original n in
Nucleus

t out d out p out B out

n neutron p proton d deuteron
o out He® out [t triton (H’) o alpha B beta
B* positron € electron capture

Use this chart along with the Table of the Elements to
determine the progeny (and ancestor) of an isotope.

For example; we know #*®Pu is an alpha emitter. The alpha
decay mode tells us the mass # decreases by 4 (238 goes to
234) and the Z # decreases by two (94 goes to 92). The
element with a Z # of 92 is Uranium. #**Pu decays to #*U.

As another example; we know **Cl is a beta emitter. The beta
decay mode tells us the mass # stays the same and the Z #
increases by one (17 goes to 18). The element with a Z #

of 18 is Argon. % Cl decays to*Ar.
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