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Types of Radiation

Radioactive materials are unstable atoms throwing off exc
ﬁive

AZTE R D energy or particles to achieve stability. This is calle

decay or disintegration.

Many radioactive materials emit twi
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ingesti i Beta Particles (Electrons)
Gamma Electromagnetic Waves
X-Rays Electromagnetic Waves
Neutron Particles (Neutrons)

Il deposit their ionizing energy in
adjacent tissues. Gamma radiation has strong penetrating power and presents the greatest
risk of exposure. Most exposures to gamma rays are from external radioactive sources.
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Units of Radiation Measure

Roentgen (R) identifies the amount of radiation (energy)
produced by gamma rays and x-rays. It is a measure of the
exposure (dose) rate—the ionization in air. Dose rate is
commonly expressed in roentgens per hour (R/hr), meaning that
a person would have to be in that environment for 60 minutes t
be exposed to the amount of radiation displayed o

Rad and Gray
Measure Energy
Absorbed By

Matter (Living or

age done by an absorbed dose. The international
is sievert (Sv), but 1 sievert equals 100 rems.

Shown below is the approximate relation between these five
primary units of measure.

iving Tissue

(Dose) and Reflect _ _ .
Biological Damage 100 roentgens = 100 rads (1 gray) = 100 rems (1 sievert)
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Units of Radiation Measure (continued)

Pay attention to prefixes, such as milli (one thousandth) and micro (one millionth). O
roentgen (R/hr) equals 1000 milliroentgens
(mR/hr) or 1,000,000 microroentgens (uR/hr).
Likewise, one rem equals 1000 millirems (mrem)
or 1,000,000 microrems (prem).

Know what scale you are reading on yo

switch is set to x

ﬂ that ] i ormal. It’s typically less than 0.05 mR/hr,
hat can vary Wwith 3 . Knowing the normal background levels in your

a
e materials

are present, and
respond accordingly.
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Radiation Labels and Placards

Three labels reflect the maximum potential radiation exposure a person
could receive per hour in close proximity to an intact package (see chart
below). Materials labeled Radioactive | are the least hazardous,
while those labeled Radioactive Il are the most hazardous. The
designation of Radioactive |, Il, or 1l is based on dose rate (abov
normal background radiation levels) as measured
surface of the package and at 1 meter (3 fe

Pla ]

rad&e placard on a square white background means that the vehicle
contains a high-level radioactive material (e.g., spent fuel) that must be shipped
along designated routes.




Facility Signage (Postings)

Signage (postings) at fixed facilities
differs from that in transportation. The
wording on facility signage reflects
the potential radiation exposure.
(Source: 10 CFR 20.1902.)
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Facility Signage

Caution
Radiation
Area
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ds* (5 grays®)
in 1 hour at 1 meter
(39.37 inches)

Ca Danger
Airborne
Radioactivity Area

Airborne dusts, fumes,
particulates, mists,
vapors or gases

Caution or Danger
Radioactive
Materials

Licensed material greater than
10 times the licensing threshold
for the radionuclide

* 10 CFR 20 switches to rads/grays when referring to very high doses

received at high dose rates.
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Packaging for Radioactive Materials

Radioactivg mgterials and wastes Package Radioactivity of | Life-E
are placed in different types Type Materials Inside
of packages based on level of

radioactivity. The higher the level F’g’eptt‘?(:
. O ndustria
of radioactivity, the stronger the Strong-Ti

package must be to shield against
radiation and to protect against loss
of contents in an accident.

responders must look for a label or stencil
(or shipping papers) to know the contents are
radioactive. Type B packages (and Type C
packages, authorized only for international air
transport) are the only ones containing potentially
life-endangering levels of radioactivity.




Radiation Exposure Limits

The EPA has published recommended dose limits for workers performing em’%:
sti

y

services. Doses to all workers during emergencies should, to the extent practi

health effects at the anticipated doses.

Dose Limit

10 remg i lower dose
not practicable




Initial Isolation & Protective Action Distances

Establish an initial isolation zone (perimeter). The initial perimeter should be set here
radiation levels are at or below 2 mR/hr. If you can’t determine actual radiation
the current edition of the Emergency Response Guidebook to establish
distances. Guides 161 through 165 in the ERG2008 recommen
following minimum initial isolation/evacuation distances:

» 75 feet (25 meters) - isolation of spill or |
e 330 feet (100 meters) - downwmd ev
¢ 1000 feet (300 meters) -

dy packaging. Thus seldom is it necessary to evacuate
large areas.

Th S. ERA"Manual of Protective Action Guides and Protective Actions for Nuclear
Inci (also known as the EPA PAG Manual) recommends implementing protective
actions (evacuation or shelter-in-place) when the projected radiation dose is between
1 and 5 rems. (Protective actions should normally begin at 1 rem.)
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Incident Stay Time

Understanding the relation between time and exposure can help you stay within the E
exposure limits identified on page 8. Roentgens are expressed in roentgens pe

(Note: One roentgen equals
1000 milliroentgens.)

An Incident Stay Time Table

is one tool you can use to pla 25 hours

the work mission duration. ] 75 minutes

(You should also 12 minutes | 30 minutes
6 minutes 15 minutes

Stay Or you can calculate incident stay
Time time with any of the equations here. To
understand where the “constant” comes

500 =+ R/hr = Minut

600 = R/h: . M::Etgz from, multiply 60 by the appropriate EPA
T o limit (e.g., 25 rems times 60 minutes results

300 = R/hr = Minutes

in a constant of 1500).
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Time, Distance, and Shielding

Minimize exposure time. Radiation doses are directly Raté: 50 R/hr
proportional to length of exposure.

Maintain a safe distance. Doubling your distance from a
radioactive source reduces exposure by 75%. This is known
as the Inverse Square Law. Distance also helps red
of exposure. Alpha particles
travel only a couple inches; beta
particles, several feet to seve
yards. So unless radioactive

materials are bei
wind, rai! or oth
L spector shestof Leadar | Use PPE and shielding available on scene
------------------------ to protect against inhalation, ingestion, and
absorption of radioactive materials and to

reduce exposure to penetrating radiation.

Distance from
Point Source

4 Dose Rate
(R/hr or mR/hr)
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Health effects vary depending on the type of radiation, how much of the body
was exposed, the depth of penetration, the dosage received, and whether the
exposure is from a single event or multiple events. Health effects also vary

based on individual factors, such as age and state of health. Th wing

health effects apply to acute whole body exposures:

* There may be mild symptoms with dose 0 (O. ut
most people won't develop what is ¢ red io es S
than 70 to 100 rems (0.7 V).

(0.
vomiting for 1 t h
the Lposu

t
. ve rems (3.5 Sv), the initial effects will be followed by a period of apparent
wi s. But usually within 2 to 3 weeks, patients will become sick again and experience
infection, electrolyte imbalance, diarrhea, bleeding, cardiovascular problems, and sometimes
lapses in consciousness. Medical care is required.
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ction of new blood cells.

signs and symptoms of radiation sickness. Initial
, diarrhea, dizziness, fatigue, headache, and loss of



Health Effects (Continued)

can survive with proper medical attention.

e Above 1000 rems (10 Sv), the chances of survi
even with aggressive treatment.

* Patients exposed to 5000
is no effective treatment for
to making pati

s or that can be passed from parent to child. Other health effects
include damage to the blood-forming organs, sterility, or other damage to
Caneer Agent | the reproductive system.

Present
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Health Effects (Continued)

The speed with which initial signs and symptoms appear increases with
i |ﬁ
n

exposure level. Onset of nausea and vomiting—the earliest
of acute radiation sickness—usually takes several hours.

other causes, such as traumatic injuries, e

materials, or other hazardous ‘
u

Partial body ex
ole body exposures.

also experience t
& i eXposures of 300 to 1000
ble a first-degree sunburn. \
0 rems (25 Sv)—will produce blisters ' ’

sl aling ulcers or gangrene.
* Extremely high exposures manifest with tingling, pain, redness, and
swelling very soon after exposure.
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Patient Care for Radiation Exposures

Rescue and serious medical problems take precedence over radiation concerns, such
as monitoring and decon, because radiation injuries are not immediately life-
whereas other injuries can be. With that in mind, the following are some ge
guidelines.

* Ensure your safety. (Consider all hazards on sc
* |f patients are not contaminated, use sta
(gloves handwashmg, etc.). Otherwi

iation detectors to ensure patients are fully decontaminated.
* Provide basic and advanced life support as appropriate.
e Coordinate with medical facilities before transporting patients.
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More Resources from Firebelle Productions

Hazmat & Terrorism Field Guides

* The First Responder’s Field Guide to
Hazmat & Terrorism Emergency Response
* Hazardous Materials and WMDs:
A Field Guide for Awareness Level Personnel
* The First Responder’s Pocket Guide to Radi

nst the English Language
riter’s Guide to Crafting Good Questions

Crimes Against
the English Language
= First Edition —

sty
b

Jill Meryl Levy
Firebelle Produstions

The Test Writer's Guide
1o Crafting Good Questions

Preview these products at www.firebelleproductions.com.



