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Medical Planning and Response for a Nuclear Detonation:

A Practical Guide
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Eric Toner, Katherine S. Wallace, Jessica Wieder,* David M. Weinstock, Albert L. Wiley, Jr., Kevin Yeskey

This article summarizes major points from a newly released guide published online by the Office of the Assistant Secretary for

Preparedness and Response (ASPR). The article reviews basic principles about radiation and its measurement, short-term and

long-term effects of radiation, and medical countermeasures as well as essential information about how to prepare for and

respond to a nuclear detonation. A link is provided to the manual itself, which in turn is heavily referenced for readers who

wish to have more detail.

‘‘Two decades after the end of the Cold War, we face a cruel irony of history—the risk of a nuclear confrontation between

nations has gone down, but the risk of nuclear attack has gone up.’’

—President Obama at the Opening Plenary Session,

Nuclear Security Summit, April 13, 2010

Detonation of a nuclear device on US soil would
cause unprecedented numbers of injuries and fatali-

ties, as well as economic, political, and social disruption.
However, an effective medical response and a public prepared
to protect itself from fallout could save tens of thousands of
lives. To a great extent, an effective response to a detonation
will also be based on logistics planning that delivers massive
amounts of staffing and physical resources to a combination of
preplanned and ‘‘newly designated’’ sites.

Since 2001, government at all levels, academic institu-
tions, and professional organizations have worked to en-
hance the nation’s ability to prepare for and respond to a

nuclear detonation. In the public health and medical arena,
many notable achievements include the following publi-
cations and websites: Planning Guidance for Response to a
Nuclear Detonation,1 a 10-paper series on ‘‘Scarce Resources
for a Nuclear Detonation,’’2 health and medical education
material available from the Centers for Disease Control and
Prevention (CDC),3 and just-in-time material including
algorithm-based management available on the Radiation
Emergency Medical Management (REMM) website.4

In the wake of the Fukushima nuclear power plant crisis
in 2011, experts noted the need for a publication covering
the basic elements and essential points that would help

Dr. Coleman is the first author. Other authors are listed alphabetically; all contributed to the HHS manual from which this overview is
prepared. An asterisk indicates the first authors of sections in the manual. Complete author information can be found at the end of the article.
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decision makers understand and manage a major nuclear or
radiological disaster. Under the leadership of the Depart-
ment of Health and Human Services (HHS), Office of the
Assistant Secretary for Preparedness and Response (ASPR),
and in collaboration with the Center for Biosecurity of
UPMC, 14 related background reference documents, au-
thored by top experts in nuclear medical response conse-
quence management, have been combined into a manual,
which is now available online [http://www.phe.gov/nuclear
responsemanual]. The manual is designed as a practical
guide that distills and translates key pieces of work on
protective actions and medical response and resources to
make them more accessible and easier for state and local
officials to implement. This article provides an overview of
the manual and highlights a few of the key points in each of
the papers. The information in this article provides addi-
tional background for the UPMC Rad Resilient City pro-
ject (www.radresilientcity.org/index-original-09-26.html).

Radiation Terminology

and Measurement

A brief overview of the basics of radiation and nuclear
terminology acquaints readers with concepts useful for
understanding the issues addressed in this article. Anima-
tions illustrating these concepts are available on the REMM
website.4

Ionizing radiation is radiation that is energetic enough to
strip electrons from (ionize) atoms on which it encroaches.
When it penetrates body tissues, the resulting damage of the
genetic material in cells can have short- and long-term
health consequences. Low levels of ionizing radiation are
present everywhere on earth as a result of cosmic radiation
from space. Ionizing radiation is also emitted from natu-
rally radioactive elements in the earth’s crust. Ionizing ra-
diation has many uses: as a tool for medical diagnosis and
cancer treatment and for medical instrument sterilization.
Ionizing radiation is also used as a source of energy in
nuclear reactors and is released by nuclear detonations.

Radiation from a nuclear explosion can be categorized as
initial prompt radiation, composed of gamma radiation and
neutrons and released nearly instantaneously with the flash
from the detonation, and residual radiation, radiation
emitted over an extended time from radioactive by-
products that can be carried by winds in the upper atmo-
sphere and potentially deposited at great distances from
the incident site as radioactive fallout.

People and objects receiving prompt radiation have di-
rect radiation exposure, and they do not pose a health risk to
others, just as someone who has had a diagnostic x-ray for
medical purposes cannot harm others as a consequence of
the exposure. Fallout-emitting radiation, on the other
hand, can be hazardous, as it may contaminate the envi-
ronment, including water, soil, and foods, and then come
into contact with people who may inhale or ingest it.

Radioactive Isotopes/Radionuclides
Some forms of certain elements spontaneously release
ionizing radiation. These are termed radioactive isotopes of
the elements, or radionuclides. When nuclei of some
radionuclides, especially uranium-235 and plutonium-239,
are bombarded with neutrons, they can split and release vast
amounts of energy. This phenomenon is referred to as
nuclear fission and is the basis of nuclear reactors and fission-
type nuclear bombs. When these nuclei split, they release
more neutrons and thus create a chain reaction of nuclear
fission that can be self-sustaining. The isotopes resulting
from this splitting are called fission products and may
themselves be radioactive. In a nuclear reactor, the chain
reaction is controlled (by controlling the rate of neutron
transfer or neutron flux), but not so in a nuclear bomb.

Measurement
The amount of radiation and its effects depend on processes
that can be measured:

� The number of particles produced by a radioactive
source over a period of time (activity [disintegrations
per second] and rate of decay [half-life])

� The rate of ionization in air produced by the radiation
(roentgens, kerma)

� The energy of particles absorbed in a substance (ab-
sorbed dose; gray, rad)

� The biological effect of particles absorbed in living
tissue (sieverts, rem)

Understanding radiation can be challenging, in part be-
cause of 2 different nomenclature systems. The United
States uses the following units: curie (Ci) or fractions of it to
describe the rate of decay of an isotope, rad to describe
absorbed dose, and rem to describe the (damaging) bio-
logical effects of the absorbed dose. The more common
international system includes becquerel (Bq), gray (Gy), and
sievert (Sv). Because the 2 systems are conceptually but not
numerically equivalent, confusion can result, especially
during emergency communications. Table 1 provides in-
formation about the conversion between the 2 systems.

Sv and Gy are roughly equivalent, as are rem and rad, for
a given radiation exposure with gamma and beta radiation.
Throughout this article we will use the newer, international
system, and we will refer to the biological effect of radiation
in sieverts.

Preparedness and Planning

for a Nuclear Detonation

A nuclear detonation produces both physical damage and
radiation exposure. While the blast, heat, and radiation
zones from the detonation overlap in regions closest to the

COLEMAN ET AL.
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epicenter, major zones can contain some physical injury
without radiation (eg, upwind with glass breakage and re-
lated injuries), and others can contain radiation with little
or no physical damage to structures (eg, fallout areas). In
general, responders would be unlikely to enter the severe
damage zone (see below).

The medical response activities after a nuclear detonation
can be understood to relate to the 3 physical damage zones
(severe, moderate, and light damage zones) (Figure 1).5

With respect to radiation, a dangerous fallout zone (10 R/
hr) is recognized, as well as a radiation caution zone
(>10 mR/h1). In the latter zone, response and rescue ac-
tivities can occur, but responder time may be limited be-
cause of the potential dose from exposure.* The Radiation
TRiage, TReatment, and TRansport (RTR) system over-
lays a functional response on these response zones.6

Damage Zones

� Severe damage (SD) zone—extensive structural dam-
age and few survivors

� Moderate damage (MD) zone—initially difficult ac-
cess due to debris and variable to low levels of radia-
tion (if present, radiation levels decrease fairly rapidly
over time in the first hours to days, which can allow
rescue and life-saving operations)

� Light damage (LD) zone—mostly passable; most
damage is glass breakage and light debris, with little or
no radiation other than where fallout areas overlap the
LD zone.

� Dangerous fallout (DF) zone—by dose rate, 10 R/h
(100 mSv/h) or greater; may overlap the above zones.
The DF zone shrinks rapidly as radioactivity of fallout
(and consequent exposure risk) decays rapidly.

� Radiation caution (RC) zone—outside the DF zone, a
secondary perimeter of 10 mR/h (0.1 mSv/h) or
greater may be established within which time and dose
for people working are monitored (like the boundary
of the DF zone, this initial perimeter may be moved
inward fairly rapidly as decay occurs).

Functional Response System
The RTR system helps in understanding the potential or-
ganization of the medical response activities (Figure 1).6

This system includes several types of sites.
Spontaneously forming RTR sites (casualty collection

points):

� RTR1—at or near major physical damage with sig-
nificant radiation present early

� RTR2—limited physical damage and varying radia-
tion present that declines over the first few hours,
usually in light damage and/or adjacent DF zones

� RTR3—minimal damage and no radiation

Predesignated sites for medical care (nonmedical facili-
ties used as community reception centers5 are discussed
below, along with population monitoring):

� Medical care (MC) sites, including alternative medical
care sites

� Assembly centers (AC), some of which may be co-
located near MC sites for people who do not require
medical care

� Evacuation centers (EC)

Resource availability and need (staff, space, supplies) will
vary by proximity to the incident and will change over time.
For example, hospitals closest to the detonation will be
quickly overwhelmed by a surge of casualties and will
rapidly exhaust resources and medical personnel. The plan,
therefore, is to distribute patients as quickly as possible to

Table 1. Units of Measure of Radiation

US System International System What Is Measured Equivalences

Curie (Ci) Becquerel (Bq) Rate of decay (disintegrations
per second, dps)

1Bq = 1dps
1Ci = 3.7 · 1010Bq

roentgen (R) Air exposure (number of ions
produced in air; x and gamma
rays)

1 R = 2 · 109 ion pairs/cc

rad (radiation absorbed dose) Gray (Gy) Energy absorption per gram
of medium

1 Gy = 100 rad

rem (roentgen equivalent
man)

Sievert (Sv) Biological effect 1Sv = 100 rem

*Note: milliRoentgens per hour (mR/h) is a measure of exposure
to radiation in air. The international system has no equivalent
simple unit (it would be Columbs per kilogram per hour, where
1 mR/h = 2.58 · 107 C/kg/h). The unit of ‘‘air exposure’’ is widely
used because it can be measured by relatively simple instruments.
Instruments that provide a readout in the international system
would likely use mSv/h, where 1 nR/hr is approximately equal to
0.01 mSv/h.

NUCLEAR DETONATION PREPAREDNESS
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medical assistance further away from the affected area,
where replenishment of supplies and staff will be easier. Key
strategies for managing medical care in scarce resource
settings are summarized in Figure 2.

In the chaotic, mass casualty, scarce-resource environ-
ment resulting from a nuclear detonation, effective coor-
dination and use of nontraditional emergency response
resources (eg, private practices, skilled nursing, commercial
labs, etc) will enhance the otherwise strained medical cap-
abilities. An understanding of the quantity, location, and

availability of these resources, and an ability to access and
pay for them in a coordinated, timely manner, is crucial for
both planning and response.

Preplanned resource support and logistical plans for
coordinating federal, regional, state, and local entities will
be important. Plans for how various agencies can be de-
ployed to predesignated and ‘‘newly designated’’ local and
regional staging areas will attempt to optimize resource
availability and mitigate bottlenecks and confusion in the
hours and days after an incident.

Figure 1. Physical Damage, Radiation, and RTR Zones. Color images available online at www.liebertonline.com/bsp

Figure 2. Strategies for Scarce Resource Situations

� Prepare—Stock disaster supplies and increase par levels on commonly needed items such as
tetanus vaccines, laceration trays, narcotic analgesics, dressings, etc.

� Substitute—Use a clinically equivalent item or staff person.
� Adapt—Use items or technologies to provide sufficient care (eg, use transport ventilators or

anesthesia machines instead of full-featured ventilators); use staff with similar or congruent
skill sets (eg, specialty surgeons assisting with trauma surgeries); or adapt locations of care
(eg, perform surgical procedures outside of the OR environment).

� Conserve—Use less of a resource by lowering dosage or changing utilization practices.
� Reuse—After appropriate disinfection/sterilization, reuse supplies.
� Reallocate—Prioritize a therapy in scarce supply so that it is given only to those with a

higher chance of benefit or greater need.

COLEMAN ET AL.
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Effective resource planning also requires an updated state-
by-state, region-by-region list of all potentially available IND
(improvised nuclear device) response assets. To some extent,
this has been partially done by the Emergency Management
Agency Compact (EMAC) and other mutual aid programs,
such as the Midwest’s huge Mutual Aid Box Alarm System;
by some individual states; by FEMA under the All-Hazards
Approach; and by some ASPR regional offices.

Local planning is most effective when it is integrated
across the tiers of response,7,8 including state and federal
partners. Integrated planning is facilitated through the use
of planning and response tools such as the HHS resource
mapping tool, MedMap.9 MedMap facilitates sharing sit-
uational awareness with the local and regional responders
and can show locations of healthcare facilities in relation to
other overlays and demographic information. Designated
local and state government partners can request access to
MedMap through their HHS/ASPR Regional Emergency
Coordinators.

Protective Actions in a Nutshell:

What to Do, What Not to Do, and Why

Shielding from immediate radiation effects (completed in
seconds after detonation) is accomplished only by being
inside a heavy building or very far away. Protection from
radiation in fallout, however, can be achieved with proper
response behavior. Fallout is generated when the dust and
debris generated by the explosion combine with radioactive
fission products produced in the nuclear explosion and are
drawn upward by the rising fireball. Ground-level detona-
tions generate more fallout, comparable to air bursts, be-
cause of the ‘‘excavated’’ debris. This cloud climbs rapidly
through the atmosphere, potentially up to 5 miles or higher
for very large detonations, forming a ‘‘mushroom cloud’’
from which highly radioactive particles coalesce and drop
back down to earth as it cools.

Winds at different elevations may carry and drop fallout
in a manner difficult to predict. Present understanding of
the capabilities of terrorists would suggest that a nuclear
explosion that could be improvised would be relatively low-
yield (low kT), implying a relatively small mushroom cloud
with relatively little cloud-rise.

The following points about fallout are important
(graphics are available at http://www.remm.nlm.gov/
nuclearexplosion.htm#plume):

� The radiation hazard comes principally from exposure
to the ionizing radiation that fallout particles give off
as they decay. This happens continually as the particles
are being deposited from the air and remain there af-
terward. External exposure to the emitted gamma rays
from fallout is generally more dangerous than inhalation
of fallout particles, since most particles are too large to be
effectively inhaled into the deep lung. Nonetheless,

precautions are recommended to prevent or minimize
both inhalation and ingestion of radionuclides.

� Radiation levels from these particles will decrease
quickly. Most (*55%) of the potential exposure to
people occurs in the first hour, and 80% occurs in the
first day. These percentages apply to fallout that is
received close to the detonation site. The exposure
from fallout that is deposited at much greater distances
away from the detonation site will decrease less rapidly
after the fallout is deposited, since much of the radi-
ation it produced was given off by rapidly decaying
isotopes while it was in transit in the atmosphere; ra-
diation that remains on later deposition will be from
the more slowly decaying isotopes.

� Although highly dependent on weather conditions,
the most dangerous concentrations of fallout particles
are likely to occur within 10 to 20 miles of the incident
and may be clearly visible as they fall, often the size of
fine sand, table salt,10 or ash.11

� Cleanup of fallout is beyond the scope of this manu-
script.

Protective Actions: Shelter
and Evacuation
Two principal protective action recommendations (PARs)
may be implemented to protect the public and responders
from fallout. The first is to take shelter followed later by
evacuation.1

Take Shelter
Although any shelter will provide some protection
(shielding) from radiation dose, some shelter locations are
more effective than others. Generally, a below-ground lo-
cation (eg, a basement or underground garage) is better
than above-grade locations (see Figure 3), large buildings
are better than small, further interior is better than nearer
the exterior, and heavy concrete or masonry walls are better
than wood. Shelters such as houses with basements, large
multistory structures, and underground parking garages or
tunnels can generally reduce doses from fallout by a factor
of 10 or more (see Figure 3). These structures would gen-
erally provide adequate shelter. Vehicles and single-story
wood frame houses without basements provide only min-
imal shelter and should not be considered adequate shelter.
The worst situation would be for a survivor to be caught
outdoors when fallout arrives or to choose to go outdoors in
the early hours when fallout is most dangerous.

Evacuate
Immediate evacuation has serious drawbacks as a protective
action in the early hours after detonation of an IND.

� The first 2 hours produce the highest dose rate from
the fallout; postponing evacuation for 2 hours or
longer, if possible, would result in more protection.
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� Prediction of precise dose levels from fallout will be
difficult. Meteorologic information, especially wind
direction and force, may help predict the most likely
directions and amount of fallout deposition. Care is ad-
vised to prevent uninformed evacuations that might move
people into or through areas of dangerous contamination.

� Cars offer little protection from exposure to gamma
rays emitted from fallout, and those evacuating on foot
would have no protection.

� All evacuations take time; moving any number of
people even a few miles will take many hours given the
likelihood of damaged structures, debris obstruction,
and traffic accidents and congestion. During this time
risk of radiation exposure is high.

� Informed evacuation can limit time in fallout zones
and thereby keep the radiation dose as low as possible.

What to Do
Because the fallout radiation hazard is so high early after the
detonation and within about 20 miles of ground zero, and
because the deposition of fallout is unpredictable, imme-
diately taking shelter in an adequate shelter is the un-
equivocal recommendation of the federal government.1

Preparing the Home for Sheltering

in Place

Every American family should prepare his or her home for the
possibility of a disaster.12 Preparation is especially important to
minimize exposure that could accompany a nuclear detonation
or for those who may be in the path of hazardous fallout.
Families can take 4 steps to be better prepared to shelter.

1. Psychologically Prepare
Individuals must recognize that nuclear terrorism is possi-
ble, understand key protective actions, and put plans in
place to support these actions. Being motivated to create a
safe room is one part of psychological preparedness. It is
equally important to address psychological issues that could
interfere with people’s willingness to remain in a safe room.
Following a disaster, a typical urge is to connect with loved
ones to check on their welfare. Parents in particular often
feel a strong pull to immediately reunite with their children
and bring them home.13 When fallout is present, rushing to
pick up children may jeopardize the health of both the child
and the parent. Therefore, parents must have confidence
that schools, for example, have identified adequate shelters
to ensure their children’s safety. They also need to know the
school’s plan for reuniting them with their children. If these
measures are in place, parents are more likely to remain
sheltered long enough for radiation levels to diminish.

2. Choose a Safe Room
The safest place in a home following a nuclear detonation
incident is a centrally located room or basement with the

Figure 3. Protection by Structures. Color images available online at www.liebertonline.com/bsp

The best initial action immediately following a nuclear
explosion is to take shelter in the nearest and most pro-
tective building or structure and listen for instructions
from authorities. You may have up to 10 minutes before
fallout arrives if you are not in the MD or LD zones. Go
below ground if that option is available or to the center of
the shelter structure. Shelter for 24 hours and attempt to
access media or other emergency broadcasts (eg, National
Weather Service, Emergency Alert System).
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fewest number of windows. The rooms in a home that give
the highest fallout protection are the ones that put the most
earth, building material, and distance between you and the
fallout (Figure 4).

The needs of any pets should be considered (to prevent
contamination, pets should not go outside). Note that lo-
cations that are safest in other dangerous situations, such as
tornados, are also safest for protection from fallout; such a
place can have broad utility.

3. Stock a Safe Room
The safe room should be stocked with enough supplies to
last for up to 3 days. (For a list of supplies to consider, see
www.ready.gov/america/getakit/index.html.)

4. Maintain a Safe Room
All family members should know where the shelter is and
understand its purpose. Supplies should be routinely
checked as suggested in Table 2.

Community Reception Centers

and Population Monitoring

The focus of this section is on population monitoring that
takes place away from the immediately affected area at

locations referred to as Community Reception Centers
(CRCs).14 These sites are intended to provide minimal
treatment, at most, and generally are not built on a medical
model. Injured or ill people should be directed to sites that
offer medical care. Community reception centers may be a
mixture of assembly centers and RTR3 (minimal damage
casualty collection) sites. Some may be many miles away
from the incident site. Displaced people should be directed
to nearby CRC locations for assistance before proceeding to
stay with family or friends or to seek temporary housing at
public shelters (which local communities must establish to
receive and care for this population). State and local
agencies should plan to accommodate the needs of pets and
service animals in CRCs and shelters. Contaminated pets
can present a health risk to their owners, especially children
who pet them.

As stated in the National Response Framework (NRF)
Nuclear/Radiological Incident Annex, ‘‘decontamination
of possibly affected victims is accomplished locally and is
the responsibility of state, tribal, and local governments.’’15

A prudent assumption is that after a large-scale nuclear
emergency, local resources will primarily provide popula-
tion-monitoring services in host communities distant from
ground zero. Therefore, local communities everywhere
must include population monitoring after a radiation
emergency as part of their all-hazard preparedness plan-
ning.

CRCs should be opened within 24 to 48 hours after a
radiation emergency (or sooner if resources are available) in
locations outside the affected areas. The following basic
services are offered at a CRC:

� Screening people for radioactive contamination;
� Assisting people with washing or decontamination;
� Collecting epidemiologic data, including exposure risk

and any prior or current symptoms of illness;
� Registering people for reunification, tracking, and

long-term follow up; and
� Prioritizing people for further care and/or medical

evacuation.

Figure 4. Selecting a Safe Room. Color images available
online at www.liebertonline.com/bsp

Table 2. Safe Room Maintenance

Frequency Action

Weekly Verify that cell phones or other
communication devices are fully charged
or have fresh batteries
available (radio, etc).

Every 6 months Check all supplies.
Replace expired medications.
Replace expired food.
Replace expired batteries.
Replace all of the water to keep it fresh.
Replace clothes that no longer fit or are
unsuitable for seasonal weather.
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CRCs are modeled closely after points of dispensing
(PODs), which many public health departments have al-
ready incorporated into their response plans for biological
threats. They are staffed by local government employees
and by organized volunteers such as members of the
Medical Reserve Corps.16 Unlike PODs, however, CRCs
need radiation detection equipment and trained radiation
protection personnel who can perform and interpret the
radiation screening, as well as resources to assist with de-
contamination. Radiation detection equipment will be
needed at a number of locations.

Establishing and operating a CRC is a community effort
involving local emergency management, law enforcement,
and public health agencies, as well as other local response
and volunteer organizations. In addition to providing vital
services to people who need them, CRCs can help reduce
the burden on hospitals and maximize use of scarce medical
resources. In providing an alternative location for initial
attention, they can reduce the number of patients pre-
senting to hospitals and identify those in need of further
interventions or countermeasures that can reduce subse-
quent morbidity and mortality.

In addition, because people reporting to public shelters
like CRCs need to be monitored for contamination, op-
eration of public shelters after a nuclear detonation depends
on the successful implementation of population monitor-
ing activities at these CRCs, which can be co-located with
public shelters. CDC and Oak Ridge Institute for Science
and Education (ORISE) have developed a standardized
CRC model that is modular and can be adapted to the
needs and resources of each community (www.orau.gov/
rsb/vcrc/).

Population Monitoring After
a Nuclear Detonation
Population monitoring begins with expeditious screening
of a population potentially exposed to radiation or con-
taminated with radioactive material, assisting with decon-
tamination, evaluating information related to their
exposure history, and registering people for subsequent
follow-up. The general process of population monitoring is
described in detail in the CDC guide to population mon-
itoring.14 Considerations that are particularly applicable to
a nuclear detonation scenario are discussed in detail in the
federal Planning Guidance for Response to a Nuclear Deto-
nation.1 Because of the large number of displaced people
and the widespread geographic distribution of this popu-
lation, communities throughout the country should in-
corporate population monitoring in their response plans
even if they do not perceive themselves to be a likely nuclear
target.

The primary considerations regarding screening, de-
contamination, and monitoring of the population after a
nuclear detonation are described below.

Stabilize a seriously injured victim before decontami-
nation. Because radioactive contamination is not immedi-
ately life-threatening, management of serious injury takes
precedence over radiological decontamination. This should
be accomplished as part of the medical triage process near
the incident site.

Promote self-decontamination. Education and incident-
associated communications should promote self-decon-
tamination prior to people arriving at CRCs or shelters.
Population monitoring personnel should offer or recom-
mend gross external decontamination, such as brushing
away dust or removal of outer clothing. In most cases, ex-
ternal decontamination can be self-performed at home (ie,
showering or washing with water and changing into clean
clothes) if straightforward instructions are provided by the
media or other sources. External decontamination removes
fallout particles and other radioactive debris from clothes
and the external surface of the body. Cross-contamination
issues (eg, from transport vehicles) are of secondary con-
cern, especially in a nuclear emergency where the con-
taminated area and the affected population are large.
Internal decontamination is not anticipated to be a priority
following a nuclear detonation because of the relatively low
amount of internal exposure compared to total body ex-
posure, and the generally lower urgency of treatment. If it
occurs, internal contamination with some radionuclides
can be treated with medications to remove them from the
body.

Maintain flexibility and scalability. Population moni-
toring and decontamination activities should remain
flexible and scalable to reflect the changing available re-
sources and competing priorities. The main goal of ra-
diation monitoring at a CRC after a nuclear detonation
incident is to prevent high levels of contaminant from
being introduced into the CRC or shelters. (This con-
trasts with a CRC after other radiation-associated inci-
dents, such as a radiological dispersal device or nuclear
power plant incident, for which the monitoring is a more
definitive assessment of exposure, since such incidents
are much smaller and internal contamination may be a
problem.)

Do not inhibit evacuation. In the immediate phase of
the response, and in areas surrounding the damaged
zone, responder actions to assist with screening and de-
contamination of people, pets, or vehicles should not
restrict or inhibit necessary sheltering or evacuation
procedures.

Use locations of opportunity. Radiation monitoring
and assistance with decontamination can be done at any
location of opportunity or at ad hoc facilities (eg, park,
stadium, civic center) set up by emergency response orga-
nizations to facilitate clothing control and washing.

Address issues of decontamination for people using
equipment and vehicles. Local issues may arise related to
reluctance to use equipment and vehicles for those who
have not been thoroughly decontaminated.
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Collection of Data for Tracking
and Health Studies
If resources are available at the CRC, pertinent information
can be collected to assist in monitoring the health status of
the affected population, in identifying the most important
health needs, and in counting people with illnesses and
radiation contamination. Familiarity with previously con-
ducted studies of exposed people is useful to identify risk
factors in the population involved in the incident and can
suggest ways public health officials can help to reduce those
risks. Information about the exposed population, combined
with results from environmental radiation contamination
assessments, healthcare providers, and laboratory testing,
may enable public health officials to assess population-level
radiation exposure, contamination, and the potential for
associated health effects. These assessments will identify
populations most likely to need medical care and treatment
both immediately and in the years to come and can enable
study of long-term health effects.

Figure 5 provides a sample of the type of detailed data
that could be collected at a CRC following a radiation
emergency. A more complete question bank is available
from CDC.5

Medical Management of Acute

Responses to Radiation

People exposed to high levels of whole-body ionizing ra-
diation (greater than about 1-2 Sv) over a short period of
time may develop acute radiation syndrome (ARS).
Symptoms may include vomiting, diarrhea, headache,
dizziness, weakness, bleeding, and redness of the skin, de-
pending on the severity of exposure. In a mass-casualty
setting, efficient triage of irradiated casualties is essential. It
will be important to identify those who have received
clinically significant but not invariably lethal doses of ra-
diation—roughly 2-10 Sv of whole-body exposure. These
are the victims who need specialized, resource-intensive,
complex, and sometimes urgent care.

In resource-scarce settings, symptomatic care (eg, pain
relief) is recommended, if possible, but to conserve re-
sources and provide the greatest good to the greatest
number, life-sustaining measures should be withheld from
casualties with nonsurvivable trauma, thermal burns, and/
or radiation exposures. Extensive triage algorithms that
emphasize fairness were recently published to guide the
selection of appropriate candidates for life-sustaining care

Figure 5. Sample Data Elements that Could Be Collected at Community Reception Centers

Contact Information
Name
ID Number
Date of birth
Home and alternate address
Home and mobile phone
E-mail address

Demographics
Age, sex
If female, pregnancy status
Race and ethnicity

Exposure Assessment
Location at incident time and thereafter (ie, within evacuation or fallout zone)?
Length of time within evacuation or fallout zone?
Shielded or sheltered while in evacuation or fallout zone?
First responder at the incident site?

Contamination Assessment
Contamination detected?
Contamination detected in the breathing zone (face/neck)?
Decontamination performed?
Contamination detected on the body after decontamination?
Any open wounds or embedded pieces of material?
Radionuclides detected and dose/dose-rate measured

Medical Assessment
Signs and symptoms consistent with acute radiation syndrome
Past medical history, including cancer
Disposition (ie, sent home, referred to medical facility)

Note: A more complete question bank and example forms are available from CDC.5
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in resource-limited settings in order to maximize surviv-
ability for the overall population.17

Management of ARS
Current management of ARS does not substantially differ
from the management of pancytopenia in other settings,
such as after treatment with high-dose myelosuppressive
chemotherapy for cancer. Administering myeloid cytokines
to appropriately selected victims of short-term external
exposure is recommended, but it is not recommended for
those with only high levels of ongoing, internal contami-
nation.18 This strategy offers 2 potential benefits after a
mass-casualty radiation incident. It may reduce morbidity
and mortality from neutropenic complications, and it can
lessen the need for subsequent or continued hospitalization
during the postincident period when medical resources and
personnel may be extremely limited.

The current challenge is that the capacity to administer
cytokines (and supportive care) is likely to fall far short of
serving those who might benefit from them after an IND
detonation because of the limited supply of personnel, cy-
tokines, and supplies where they are needed. Therefore,
appropriate triage (for both trauma and radiation injury)
will be important, with a goal of ensuring that the greatest
good is done for the greatest number of victims. Those who
may not need myeloid cytokines immediately should be
referred for later evaluation and possibly treatment in a
more resource-rich environment. Those who are unlikely to
survive should be given palliative care, but not resource-
intensive care, which is reserved for those most likely to
survive.

Candidates for myeloid cytokines include patients with
the following characteristics:

� Laboratory-measured neutropenia ( < 500 cells per cc)
developing after the IND detonation;

� History of whole-body radiation exposure likely to
have been above a certain level (eg, 200 cGy, based on
geography of the person and known radiation level
maps of the incident), even without a confirmed dose
estimate from a valid biodosimetry tool; and

� Physical symptoms or injuries strongly suggesting
combined injury (radiation plus survivable trauma
and/or burn).

Studies of medical management of neutropenia in non-
human primates suggest that initiating myeloid cytokines
within 24 hours of exposure may improve outcomes. Mye-
loid cytokines [granulocyte-colony stimulating factor (G-
CSF; filgrastim), granulocyte monocyte-colony stimulating
factor (GM-CSF; sargramostatin), or pegylated G-CSF
(pegfilgrastim)] may reduce the duration of neutropenia,
hospital length of stay, and overall costs.

Myeloid cytokines should be initiated as soon as evidence
indicates a casualty has developed or will develop neu-

tropenia (ie, less than 500 neutrophils per mm3). Specific
indications for initiating myeloid cytokines prior to the
onset of neutropenia include a projected whole-body dose
of 2 Sv or more based on (1) physical dose reconstruction
using geographic information; (2) clinical signs; and/or (3)
lymphocyte-depletion kinetics. Drugs should be continued
for 14-21 days or until normalization of the granulocyte
count. Supply and continuity of administration of these
agents is a key planning challenge.

Supportive care measures are also important for man-
aging victims. Antiemetics for vomiting (REMM19) will
help in the early hours as nausea and vomiting may occur in
many people—even those without radiation exposure.
Hydration will be needed for radiation and trauma. Anti-
microbials will be needed to prevent infections during the
neutropenic period and have been shown to improve sur-
vival in animal models of ARS.

Radiation Injury Treatment Network
The Radiation Injury Treatment Network (RITN) is a
collaboration of 61 medical centers and hospitals with
expertise in the management of myelosuppression, blood
donor centers, and umbilical cord banks.20 It was es-
tablished through collaboration between the American
Society for Blood and Marrow Transplantation
(ASBMT) and the National Marrow Donor Program
(NMDP). RITN is supported financially by the US
Office of Naval Research, the Health Resources and
Services Administration (HRSA), and ASPR. RITN has
established standard operating procedures and treatment
guidelines that can be used by medical professionals
outside the RITN network who are participating in the
incident response. These guidelines have been developed
based both on the medical expertise of RITN leadership
in clinical oncology and the abundant literature available
in this field.21-30

RITN has 2 primary goals: (1) provide facilities and staff
for intensive supportive care in the aftermath of a marrow-
toxic mass-casualty incident; and (2) educate hematologists,
oncologists, stem cell transplant practitioners, and nursing
and support staff about their potential involvement in the
response to such an incident. Many patients at risk for
radiation-induced neutropenia and thrombocytopenia can
be observed and monitored as outpatients, as is done rou-
tinely in cancer care.

RITN centers are referral centers only. They are neither
first-receiving nor decontamination facilities. Initial de-
contamination and the treatment of life-threatening in-
juries must be completed prior to RITN involvement.
Transport of casualties from the incident site would be
organized through the National Disaster Medical System
(NDMS).31 RITN centers have existing infrastructure and
expertise for managing casualties with bone marrow tox-
icity. Most of these casualties would require supportive
care, either as inpatients or outpatients, and would not
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undergo hematopoietic cell transplantation. Besides direct
care of inpatients or monitoring and care of outpatients,
RITN sites could also serve as consultants to other sites
providing care.

In April 2011, RITN performed a survey to determine
the willingness of RITN centers to voluntarily accept irra-
diated casualties across a range of hypothetical circum-
stances. As outlined in Figure 6, the number of casualties
accepted by centers increased markedly with either (1) use
of partner hospitals to offload existing patients and/or ir-
radiated casualties, or (2) clearly defined austerity measures.
These austerity measures included the treatment and
housing of casualties in nontraditional sites.

All of these treatments depend on having adequate
supplies of medical countermeasures, staff, and other re-
sources. Issues of compensation, licensing, and liability are
also among the important considerations. The availability
of needed resources will vary by time and distance from the
nuclear detonation.

Providing MCMs in a Scarce

Resources Setting

The initial medical response to a nuclear detonation would
be in local facilities and undertaken by local responders.
The ability to provide the necessary supplies will require
preparation and innovative approaches. Potential sources
for replenishing medical supplies and medical counter-
measures (MCMs) are illustrated in Figure 7.

In general, hospitals keep very low inventory and use
just-in-time inventory management for obtaining re-
sources. Working from the level of the local facility up,
supplies could be supplemented in one or more of the
following ways:

Figure 6. RITN Research Results on Scarcity. Color images
available online at www.liebertonline.com/bsp

Figure 7. MCM Availability. This is a theoretical approach under development. Color images available online at www.liebertonline.com/bsp
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1. Local distribution networks could include a specific
bubble in the supply line—that is, a user-managed in-
ventory (UMI, #1) or distributor-managed inventory
(DMI).32 Since the cytokines have a multiyear shelf life
and are used routinely, it might be possible to keep a 3-
to 12-month supply on hand that could be used before
it expires even if no incident requiring massive use were
to occur. This would provide many more ‘‘first doses’’
than otherwise possible with the just-in-time inventory
approach. Potential participants in UMI include the VA
(#3) and the RITN (#4, Figure 7).20

2. Materiel from the Strategic National Stockpile (SNS),33

a national repository of pharmaceuticals, medical sup-
plies, and equipment, can be deployed during a public
health emergency for use by local, state, and regional
responders. Initial supplies can reach the affected area
within 12 to 24 hours of the federal decision to deploy.
As part of its operational plan, the SNS also has agree-
ments with manufacturers to provide some pharma-
ceuticals and supplies on request, called vendor-
managed inventory (VMI) (#5, Figure 7).

3. Manufacturer surge capacity would likely occur either
voluntarily in response to the obvious need or by request
of the local, state, or federal government (#6). This will
likely take days to weeks.

4. Medical supplies or drugs may be obtained from in-
ternational partners, in special circumstances (#7), al-
though importing drugs is complicated and requires
complex approval among governments as well as by the
FDA.

A current approach to developing MCMs for terrorism
and mass casualty response is to prioritize drugs or supplies
that have a use in routine medical care. Products with utility
for both mass casualty emergencies and for routine medical
use can be considered ‘‘dual-utility’’ products.{ Dual utility
ensures familiarity with the MCMs by the clinicians who
use them for routine purposes and affords the potential cost
savings of avoiding expiration of stockpiled supplies, if
rotation into routine use is feasible. UMI, DMI, and VMI
afford such rotation. Stockpiling in a central repository can
be especially problematic for drugs with short shelf lives, as
frequent replacement is necessary, unless the drug is eligible
for the FDA’s Shelf-Life Extension Program, and, even so,
shelf-life extension incurs a cost. On the other hand,
stockpiling may induce pharmaceutical manufacturers to
produce drugs that may otherwise have a limited com-
mercial market. Bone marrow cytokines can be considered
‘‘dual-utility’’ (see discussion below regarding use off label
or under Emergency Use Authorization), as can antibiotics,
antiemetics, and other products used in supportive care.

Planned pre-positioning of MCMs as close to an inci-
dent location as possible provides both time and logistical
advantages for first responders. The benefits of UMI go
beyond rapid deployment of MCMs by offering for some
MCMs a more cost-effective approach for managing the
inventory compared to central stockpiling. The UMI
concept is characterized by 4 key features: (1) dual-utility
MCMs would be used; (2) the UMI model would require
storage at multiple medical facilities across the nation;
participating medical facilities would store a sufficient in-
ventory or ‘‘bubble’’ to help meet immediate surge MCM
needs; (3) UMI-related MCMs would be managed to en-
sure the inventory would not expire before use, using first-
in, first-out protocols (avoiding disposal and replacement
costs); and (4) the UMI ‘‘bubble’’ inventory would be used
locally to treat casualties in an emergency, including evac-
uees from other localities. The UMI ‘‘bubble’’ inventory
could also be funneled locally to areas of greatest immediate
need similar to central stockpiling and VMI. UMI implies a
dynamic response system, linking the local, state, regional,
and federal responses while providing the potential for a
more rapid response and more efficient management of
limited resources; however, UMI would not eliminate the
need for other stockpiling options and would not be a good
fit for all MCMs. An ancillary benefit of UMI is that the
on-site supply bubble can help buffer against temporary
shortages due to unusual fluctuations in routine demand.

An additional advantage of UMI is that it expands
widespread storage of MCMs, reducing the risk of mass
MCM destruction at a single storage facility. The VA
medical care system is a natural fit for UMI, given its ex-
panded role in civilian emergency response, existing net-
work of facilities and resources, and a well-developed
pharmacy-management system. With experience, data, and
further development, UMI could be considered for major
medical centers, retail pharmacies, and distribution net-
works.

Prescription drugs are approved by the FDA for treat-
ment of a specific indication described in the drug’s label-
ing. While physicians routinely use prescription
medications ‘‘off-label’’ in their daily practice, a large-scale
emergency will have no or limited physician-patient rela-
tionships allowing this to occur. An Emergency Use Au-
thorization (EUA)34 would be requested if the drug is used
for any purpose other than those covered by the informa-
tion found in the labeling. The EUA authority allows the
FDA commissioner to allow MCMs to be used in an
emergency caused by biological, chemical, radiological, or
nuclear agents, in the absence of adequate and available
MCMs are fully approved for the purpose, if the antici-
pated benefit is greater than the assessed risk under the
circumstances.

At present, no drugs have a specific indication for
treatment of ARS; however, ARS treatment guidelines are
based on extensive prior medical experience with treating
bone marrow suppression due to other causes. As a result,

{This term should not be confused with ‘‘dual-use,’’ which refers
to research that can be used for nefarious purposes as well as
beneficial ones.
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drugs would need to be used ‘‘off label,’’ at the discretion of
the physician, if the incident is small and an established
physician-patient relationship exists, or under an EUA
granted by the FDA commissioner for a large-scale incident.
When feasible, packets of information are prepared in ad-
vance to expedite establishment of EUAs after an emergency
is declared.

A great deal of thought has gone into exploring the
ethical and practical issues associated with delivering
medical care in a scarce-resource environment. Limited
resources may affect the treatment priority of the injured
and ill. In-depth discussion of this important topic is
provided in the manual and previously published papers.2

Figure 8 illustrates how triage category for radiation-only
injury would change as the resource availability and related
standards of care change. As resources decrease from nor-
mal to poor, the triage category for those with severe ra-
diation changes from immediate to delayed to expectant.
The priority for receiving MCMs also changes.

MCM Research and Product

Development

As noted earlier, medical response to radiological and nu-
clear incidents includes supplies for treating trauma and
burns; drugs for vomiting, pain, and infection; blood
products; and specific medical countermeasures for radia-
tion injury. In addition, rapid and accurate biodosimetry
tools are needed to estimate absorbed doses of radiation.
Innovative diagnostic approaches, including point-of-care
and high-throughput biodosimetry tools, are being identi-
fied, optimized, and validated to provide enhanced re-
sponse capability for triage applications, field-deployable

laboratories, and reference laboratories. A range of existing
and developing technologies are being considered for in-
corporation into a Radiation Laboratory Network (RadLN)
or an Integrated Clinical Diagnostics System (ICDS) that is
under development. The ongoing approaches to MCMs,
including biodosimetry capabilities, and to RadLN devel-
opment, involve a continuum of activities from basic sci-
ence, through advanced development, to preclinical and
clinical assessment, all in the context of guidelines and re-
view by the FDA.

Leading the US government’s effort to develop and gain
FDA approval of medical countermeasures to prevent,
mitigate, or treat radiation injury are components of HHS:
NIH, particularly the National Institute of Allergy and
Infectious Diseases (NIAID),35-40 and ASPR, including the
Office of Policy and Planning (OPP)41 and the Biomedical
Advanced Research and Development Authority (BAR-
DA).42,43 NIAID supports the development of the research
infrastructure and the advancement of basic science in ra-
diobiology that is built on basic radiation biology research
programs such as those in NIH’s National Cancer Institute,
as well as programs in the Department of Defense (DoD),
the Department of Energy (DoE), and National Aero-
nautics and Space Administration (NASA). OPP works
through the Public Health Emergency Medical Counter-
measures Enterprise (PHEMCE)42 to develop civilian
MCM requirements and policy initiatives. BARDA sup-
ports the advanced product development, FDA approval,
and acquisition of MCMs through contracts with devel-
opers and companies.39,40

MCMs are characterized in 3 classes:

� Protectors—given before exposure to radiation to les-
sen effects. These are relevant to first responders and

Figure 8. Triage Category Affected by Radiation Dose and Resource Availability. Color images available online at www.liebertonline.
com/bsp
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military personnel, who may have knowledge or risk of
impending exposure, but they are not relevant to
general civilian use, for which exposure would be
unanticipated.{

� Mitigators—given after exposure to reduce severity of
effects before clinical manifestation.

� Treatments—given after the effects to be treated have
developed clinically.

An MCM such as a myeloid cytokine—for the hemato-
logical ARS syndrome—can be both a mitigator and a
treatment.

A few MCMs for radiation-related indications are FDA
approved—decorporation and blocking agents that facili-
tate removal of internalized radionuclides or blocking of
their incorporation—but currently no MCMs are FDA
approved to treat individuals with ARS or delayed effects of
acute radiation exposure (DEARE), such as lung or kidney
fibrosis. Some MCMs approved for other indications might
be useful to treat ARS29 or DEARE; these could be used off
label or under an EUA (http://www.fda.gov/emergency
preparedness/counterterrorism/ucm182568.htm).

MCMs that are currently being researched, evaluated,
and developed for ARS, radionuclide decorporation, and
biodosimetry are listed in Figure 9.

Diagnostics
Medical teams require the ability to make accurate radia-
tion dose assessments for the prompt treatment of exposed
individuals and for optimum use of a limited supply of
radiation MCMs. The primary capacity will come from the

local laboratories and local or regional agreements, but the
need for a larger system is recognized.

To that end, the Rad-LN (or ICDS) is a concept under
development by multiagency experts coordinated by
ASPR with other HHS and federal partners.40 The Rad-
LN would provide increased cytogenetic dicentric chro-
mosome assay (DCA) capabilities, enhanced capacities for
the CDC Radiobioassay Laboratory, and hematology
surge capacities, by networking-capable labs, increasing
mobile capacity, providing certified protocols and guid-
ance, and leveraging international collaboration. Because
techniques such as cytogenetics are routinely done in
hospitals, regional and state networks can help provide
surge capacity with some training in the DCA and exer-
cising, as demonstrated in Connecticut43 and in progress
in the US. The proposed Rad-LN could also serve as a test
bed for assessment and interlaboratory comparison for
novel biodosimetry devices and potential biomarkers and
as a node for ensuring adequate oversight, balancing in-
vestment, and optimizing or improving existing cap-
abilities.

No biodosimetry assays or devices to determine if indi-
viduals were exposed to radiation are currently FDA ap-
proved. However, current laboratory triage techniques
using lymphocyte depletion kinetics can provide an early
estimate of dose but require serial readings over several days
to be most accurate (see REMM44). Dose estimates by
DCA have been used as the gold standard for assessment of
absorbed dose in radiation accidents for decades. It is cur-
rently the tool of choice for estimating radiation dose in the
short term. However, the DCA is labor-intensive and time-
consuming, and strategies are needed to increase assay
throughput for use efficiently in a mass casualty scenario.
Rapid and accurate biodosimetry methods that can be used
in a mass casualty incident are needed for immediate triage,
medical management, and risk assessments. In their

Figure 9. Types of Radiation/Nuclear Medical Countermeasures under Development
(through NIAID and BARDA)

� Mechanisms of action
B Antioxidants
B Anti-inflammatories
B Antiapoptotics
B Growth factors and cytokines
B Cell-based therapies
B Others

� Radiation syndromes
B Acute radiation syndromes (hematologic, gastrointestinal, central

nervous system)
B Delayed effects of radiation exposure (skin, lung, kidney, others)

� Radionuclides
B Blocking agents
B Decorporation agensts

{These would need to be nontoxic to not adversely affect re-
sponders; none are presently available other than for radiotherapy
for oncology.
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absence, clinical assessments will provide the only basis for
initial triage and treatment decisions.

Health Risks from Exposure

to Radiation

Health consequences from radiation exposure can include
both early consequences in which the severity of the con-
dition is related to exposure (eg, ARS, discussed earlier) and
late consequences, particularly radiation-induced cancer, in
which the likelihood of occurrence is related to exposure.45

Following a nuclear detonation or radiation release, many
more people would be exposed to relatively low doses of
radiation than those who would be exposed to high doses.
Therefore, many more people may face an increased life-
time risk of cancer than suffer from ARS.

Radiation Dose
The ‘‘dose’’ of ionizing radiation refers to the amount of
energy absorbed by the body that is of sufficient strength to
ionize atoms. The phenomenon of ionization distinguishes x-
ray and gamma radiation from ultraviolet radiation from the
sun, which has sufficient energy to damage skin but cannot
ionize the atoms of the body. While many molecules in the
body can be ionized by x-rays and gamma rays, damage to
DNA leads to mutation, if the cell is not too heavily dam-
aged, or to cell death if the damage is extensive. Cells that die
from extensive radiation damage cannot produce cancer. The
lowest dose typically received over the course of a year by
Americans is about 1 mSv and is primarily from radiation
emitted from minerals in the ground. Doses to Americans are
close to about 6 mSv, on average, when all sources of natural
and background radiation are included as well as the radia-
tion from diagnostic and therapeutic medical care.46

A dose of 1 Sv over the whole body, if received over a short
time (a few minutes or less), is usually considered the min-
imal single-exposure threshold for ARS. Between the levels of
annual dose that everyone receives from daily activities
(about 6 mSv) and the levels sufficient to cause ARS (1 Sv or
more in a short time) is a wide range in which radiation risk
varies according to the dose received and the time over which
it is received. In the US and other developed nations, a
system of radiation protection regulations limit long-term
cancer risk to radiation workers by allowing for annual oc-
cupational exposures to be only a few times greater than
background radiation. In the US, radiation workers are al-
lowed up to an annual occupational exposure of 50 mSv, or
about 8 times the average dose received by Americans.

Radiation Risk after a Nuclear
Detonation
Following a nuclear detonation, people receiving less than 1
Sv of radiation would be expected to have few if any acute

effects. This would be the largest group of victims and
would have a small but real increased risk for future cancers.
Cancer is a ubiquitous illness that affects approximately
40% of people in the United States and is fatal to over 20%
of the US population (not including nonmelanoma skin
cancers).47 Additional radiation exposure, whether it be
from medical radiation or a nuclear incident, will increase a
person’s lifetime risk of developing cancer, though small
increments of radiation impart only a very small additional
risk to each person. As an example, exposure to 1 Sv might
result in a 5% to 8% incremental increase in the absolute
cancer rate.48,49 This means that the individual cancer risk
among people exposed to 1 Sv might increase from 40% to
about 45% or 48%. Most people who survive a nuclear
incident would receive doses much less than 1 Sv. The most
common dose of radiation among the A-bomb survivors
was 5 to 10 mSv, or about equal to 1 or 2 years of exposure
to natural background radiation. A person receiving 10
mSv would have an increased incremental risk of 0.05% to
0.08%. In other words, the cancer risk would go from the
approximate background risk of 40% to about 40.05% to
40.08%. The most common increase in risk for people
surviving a nuclear detonation will not be large compared
to the background cancer risk.

Federal Medical Response Structure

and Plans

To facilitate the coordination of efforts by local, state, re-
gional, tribal, and federal resources, a series of documents
have been developed to clarify roles and responsibilities. For
a broader discussion of the structure and plans, readers are
referred to the online handbook. Here we focus on nuclear
detonation–specific planning.

Guidance on the nation’s approach to conducting re-
sponse efforts is detailed in the National Response
Framework (NRF).8 The Nuclear/Radiological Incident
Annex (NRIA)15 to the NRF addresses the responsibilities
and coordination requirements for releases of radiological
material and a nuclear detonation. Agency roles, responsi-
bilities, and authorities are specifically described for each
type of incident. Additionally, an integrated concept of
operations and unique organization, notification, and ac-
tivation processes and specialized incident-related actions
are discussed.

In the NRIA, HHS responsibilities through Emergency
Support Function #8 (ESF #8), public health and medi-
cal, include coordination (but not conduct) of long-term
population monitoring, certain laboratory analyses,
guidance and technical assistance for population decon-
tamination and internal contamination monitoring, pro-
vision of medical countermeasures from the SNS,
coordination of fatality management, and provision of
medical surge.x Responders and planners can use tools
developed by HHS and based on the National Response
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Framework, the National Incident Management System
(NIMS), and ESF guidance to navigate through response
planning complexities.

ASPR, as the federal lead for medical and public health
preparedness and response, and in collaboration with sub-
ject matter experts and partner agencies, developed the
IND playbook and also a prototype state and local plan-
ners’ playbook for a nuclear detonation to enhance col-
laboration and interoperability between federal and
nonfederal planners and responders (www.phe.gov). (Note:
An HHS all-hazards playbook with specialized information
for the specific type of incident, for internal use, is in
preparation.)

Medical Playbooks and Ethical Issues
The HHS playbooks are designed to provide a framework
for the ESF #8 response and inform senior leadership about
response operations that will require complex coordination
of numerous entities and their assets in a time-phased
manner. The playbooks include sections that focus on
a spectrum of anticipated planning requirements and
operations:

� Scenario
� Concept of operations
� Action steps/issues
� Pre-scripted mission assignment subtasks
� Essential elements of information

The State and Local Planners Playbook for Medical Response
to a Nuclear Detonation50 describes the key principles of the
medical and public health response to a nuclear detonation.
The playbook is intended to be scalable and customizable
based on the specific jurisdiction’s capabilities, require-
ments, and needs, and it will be improved and updated
periodically to reflect the most current knowledge, lessons,
and changes in capabilities. The action steps section of the
playbook is the key section that provides sequential guid-
ance to coordinate the medical response to a nuclear det-
onation at all levels. It is written in plain language intended
to better align the ESF #8 IND playbook and jurisdictional
planning methods and capabilities. The section provides
detailed time-phased, sector-oriented approaches to re-
sponse activities with linked references. To use the play-
book, planners have the option of downloading an
electronic copy of the text itself or using the interactive
version online (www.phe.gov).

Involving the Community
Another important aspect of community planning is in-
volving the public in a discussion about difficult ethical
issues. The order of triage depends on the medical condi-
tion and also on the scarcity of resources, as discussed by
Coleman et al.17 As resources become increasingly scarce,
the resource-rich order of ‘‘sickest first’’ may be modified by
goals of population-based treatment.51,52 To initiate such
discussions and attempts at consensus-building prior to a
catastrophic incident, public health officials and disaster
response professionals are encouraged to begin a process to
develop a body of information about the interests and
preferences of various public and specialized medical, reli-
gious, and other communities related to use of medical
scarce resources. These group discussions can be useful in
developing a bank of information, building consensus
where possible, and providing immediate direction for local
hospitals related to clinician training and distribution of
information to the public. (See 2012 Institute of Medicine
report for more information about ethical issues involved in
resource allocation under conditions of scarcity.53)

Communicating About the Possibility

of Nuclear Detonation

Community members should engage in discussions about
the potential for a nuclear detonation, protective actions to
take if a detonation occurs nearby, and things they can do
to help other people in the event it takes place away from
their home community. To be truly prepared, a commu-
nity needs to have this discussion before a nuclear deto-
nation and needs a plan for how to communicate with the
public following a detonation, including consideration of
the possibility that conventional communication cap-
abilities could be compromised.

In the vicinity of a detonation or in the path of fallout,
the fear and confusion following a nuclear detonation may
lead people to take actions that inadvertently put them in
harm’s way. Lack of understanding of radiation, its effects,
and how it is measured can exacerbate both short- and long-
term anxiety. Communicating clear and effective messages
is challenging but critical to reducing panic and saving lives.
Pre-scripted messages, expert spokespersons, credible ex-
perts, multiple message dissemination methods, and rapid
restoration of communications infrastructure can all con-
tribute to timely and effective communication.

People will be affected in different ways and thus will
have different information needs associated with proximity
to the blast and fallout plume:

� Blast Damage and Dangerous Fallout (DF) Zones:
People in these areas need life-saving information.
Anyone who might be in the path of the radioactive
plume must quickly get inside and stay inside to avoid a

xHHS has resources to enhance state and local medical re-
sponders, but they are limited. Other agencies can provide assets
such as the Department of Veterans Affairs (Medical Emergency
Radiological Response Team) and the Department of Energy
(Radiological Assistance Program and Radiation Emergency As-
sistance Center and Training Site).
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potentially fatal dose of radiation. Shelter orders may
have to be issued broadly during the initial period of
uncertainty and refined as information about the plume
is gathered and its specific implications determined.

� Surrounding Area: People in this area will be concerned
for their immediate health and safety and will want to
know what they should do. People in the surrounding
area will also have concerns about contaminated people
and vehicles entering their communities, and they must
understand the relative risk from incidental contami-
nation to prevent potential obstruction of entry or
evacuation movement. These communities will also
serve as reception communities for evacuees.

� National and International Communities: People in
other parts of the nation and across the world will be
seeking information and trying to get in touch with
loved ones who may be in affected areas. Concern will
exist about a possible second attack. This is an oppor-
tunity to provide situation and response updates and to
educate the population about appropriate safety mea-

sures, as well as to address concerns about health and
other risks perceived by people outside the affected areas.

Communicating About Protective
Actions and Radiation
Messages prepared, tested, and practiced in advance are
fundamental to conveying clear, consistent information
and instructions during an emergency. Many of the ques-
tions the public will have after a nuclear detonation can be
anticipated, and answers can be prepared in advance.
Education in advance can provide even greater leverage on a
community’s preparedness, ability to respond effectively,
and resilience; school and community education programs
should be considered.

When anticipating questions, planners must keep in
mind both the broad audiences as well as audiences with
special communication needs—for example, non–English
speakers, hospital and nursing home staff and patients, the
homeless population, and people who are hearing impaired.

Figure 10. Example of an Immediate Lifesaving Message

� A nuclear explosion has occurred at [location] in [city]. Potentially deadly radiation will be in
the air right after a nuclear explosion.

� If you are in the [defined location] area, get inside a building immediately.
B Cover your mouth and nose with a protective layer—like a cloth or a towel—to

reduce the amount of potentially harmful particles you breathe.
� You can survive a nuclear explosion by taking the following steps:

B Get inside:
- If you are anywhere in the [location] area, get inside a building as quickly as

possible. If a multistory building or a basement can be safely reached within a
few minutes of the explosion, go there immediately.

- The safest buildings have brick or concrete walls.
- Close all windows and doors and go to a basement or to the center of the

building, away from windows and outer walls.
- If you are in a car, find a building immediately and get inside. Cars will not

protect you from radiation.
B Stay inside:

- Inside a building or in an underground area is the best place for you and your
loved ones after a nuclear explosion.

- Plan to stay inside for at least 12 to 24 hours or until you are instructed to
leave by authorities or emergency responders. The most dangerous radiation
levels will decrease significantly during this time.

- Do not leave your building to get children and adults. Children and adults in
schools, hospitals, nursing homes, and daycare facilities will be cared for at
the facility and will not be released to go outside. Going outside to get your
loved ones will expose you and them to extremely dangerous radiation.

B Stay tuned:
- The Emergency Alert System will broadcast important safety messages over

cell phone, radio, television, and the internet.
- Instructions will be updated as more information is available.

� These steps to protect you and your family are the same for your pets and animals.
� Again, get inside, stay inside, and stay tuned for more information. Following these steps can

save your life.
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To some extent, each community will have specialized in-
formation needs; messages need to be tailored to meet those
needs.

In a nuclear incident, first and foremost, people will be
concerned with protecting themselves and their families.
Protective action messages should provide simple, direct
instruction to people in the affected areas about how to do
this. Audience research provides the following recommen-
dations for messages:54

� Write short, concise, simple messages.
� Use directive, authoritative language.
� Provide prioritized instructions and directions in each

message.
� Provide information for a variety of environments.
� Encourage people not to leave their homes to check on

loved ones in schools, daycare centers, and elder-care
facilities until an ability to do so without inadvisable
radiation exposure is clear.

� Avoid or define unknown terms and phrases.

Figure 10 illustrates an immediate lifesaving message.

Communications Infrastructure
A significant concern following a nuclear detonation
incident will be the integrity of the communications in-
frastructure. How will officials communicate messages to
affected audiences? The difficulty that will inevitably follow
a nuclear detonation drives home the importance of pre-
incident preparedness. Officials anticipate the infrastruc-
ture issues discussed below.1

Blast Damage Area
In the physically damaged areas (see Figure 1), there would
be minimal, if any, ability to send or receive communica-
tions. The blast would cause physical damage to electrical,
telephone, and cellular systems. An electromagnetic pulse
(EMP) would damage electronics in the physically dam-
aged area including televisions, computers, and cell phones.
Some cell phones in the blast area could possibly survive the
EMP if they were sufficiently sheltered underground, and
this might also imply that the phone might be in the pos-
session of a survivor; however, the deep shelter may itself
block cellular reception. Communications capabilities may
take days to be reestablished.

Along with commercial systems, public safety systems
(eg, land and mobile radio and 911 call centers) may also
suffer communications failures. Although these systems are
typically more robust and less susceptible to failure than
their commercial counterparts, they can be expected to be
severely damaged or degraded in the immediate blast area
and somewhat in the surrounding areas. These systems are
critical to emergency responders in performance of life-
saving and rescue operations; they need to be restored as
quickly as possible and redundancies identified and em-

ployed if these centers or major 911-switching locations are
directly affected.

As part of the federal response to a major disaster, FEMA
will activate the Communications Annex of the NRF, ESF
#2, to coordinate with the private sector, state, and local
entities in restoring the commercial communications in-
frastructure and public safety and emergency responder
networks.8 Industry continually monitors its own networks
for outages and reduced capabilities and will usually begin
recovery operations quickly. Commercial providers typi-
cally have transportable restoration capabilities (eg, cellular
on wheels) strategically located around the country to
minimize response times. With proper planning, public
safety and emergency responder networks can be aug-
mented and/or temporarily restored by using assets that the
state, national guard, and surrounding localities may be
able to provide. FEMA can typically have communications
assets on the ground in the contiguous 48 states within 24
to 48 hours after an incident.

Surrounding Area
The surrounding area may include surrounding commu-
nities or counties, bordering states, and people in the path
of the radioactive plume, including the dangerous fallout
zone and the radiation caution zone. The EMP should have
limited, if any, direct effect on electronic devices in the
surrounding area outside of the blast damage zone, re-
gardless of radiation. Electronic devices may only require
resetting switches and circuit breakers. However, the po-
tential exists for cascading effects caused by EMP along
transmission lines, including large-area power outages. An
important audience in the surrounding areas for commu-
nications will be communities receiving evacuees. Although
these areas may not have significant infrastructure issues,
connectivity will be essential for these communities to co-
ordinate reception for potentially thousands of evacuees.

National and International Communities
For any major national emergency, a sudden increase in the
need for information and human connectivity severely
stresses and sometimes exceeds the capacity of the com-
munications infrastructure. This stress will hinder the
ability to communicate into or out of the physically dam-
aged areas, the regional area that will be affected by the
dangerous fallout, and potentially other areas in the vicin-
ity. Planners must know what types of systems are available
to enable responder communications in case normal com-
munications methods are unavailable.

Communication Channels
Following a nuclear denotation, every available outlet must
be used to gather information about the health and safety
issues that the community and responders face, to provide
health and safety guidance to affected populations, and to
address health, economic, safety, and other concerns of
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people across the country and throughout the world. In-
formation outlets include electronic billboards, 911 sys-
tems, short-wave radio, siren warning systems, radio,
television, newspapers, flyers, public announcement (PA)
systems, text messages, and social media and other websites.
Planners must consider the allocation of resources to supply
information to these outlets and which outlets to use to
gather information for situational awareness.

Radio broadcasts may be the most effective means to
reach people closest to the nuclear explosion in areas
without physical damage that would have destroyed be-
longings such as radios. The Emergency Alert System,
National Oceanic and Atmospheric Administration
(NOAA) weather radio broadcasts, reverse 911 systems,
flyers, public address systems, short-wave radios, and siren
warning systems may be useful in rapid dissemination of
emergency information in the affected area. Although ad-
ditional outlets, particularly electronic outlets, are more
likely to be useful away from the blast site, these outlets
should be considered in emergency communications plans.
Effectively using social media will also be essential.

Educating Responders and Planners

High-impact radiation emergencies are receiving increasing
attention from the leadership of the medical planning and
healthcare response communities.55 However, radiation-
specific training has lagged behind that for other types of
emergencies in the wider response community.

Responders and planners need to acquire and maintain
radiation-specific knowledge and skills over and above what
they know from ‘‘all-hazard’’ emergency training, including
the following topics:

� The basics of radiation physics,56 especially the dif-
ferences between contamination and exposure;57

� The types of mass-casualty radiation incidents that
could occur;58

� The basics of radiation medicine, especially radiation
triage and how to diagnose and manage exposure and
contamination;59

� Special skills for managing public health, medical re-
sponse venues, radiation survey equipment, logistics,
decontamination, and waste during the various kinds
of radiation emergencies;

� How responses to ‘‘small’’ and ‘‘large’’ incidents differ;
and

� Public communication.

Radiation knowledge gaps among responders and plan-
ners have complicated the development of regulation-
compliant, implementable, and integrated local, regional,
state, and hospital radiation emergency plans. The statutes
and regulations that govern federal, state, and local au-
thorities and responsibilities during such incidents are
complicated.60 Moreover, few emergency or healthcare

personnel have ever responded to any type of radiation
mass-casualty emergency. Education and training can fill
this knowledge gap, using both traditional (ie, face-to-
face, synchronous classroom learning) and nontraditional
(ie, online/electronic) means, as well as exercises where
feasible.

Classroom courses are currently available from many
local, state, and federal agencies,61,62 as well as professional
societies, educational institutions, hospitals, and occupa-
tional associations. Resource materials for these courses are
usually vetted by the offering agency, professional society,
or government agency. These courses teach basic concepts,
along with practical skills like proper selection and use of
radiation survey equipment, personal protective equip-
ment, and personal dosimeters; and how to work in teams,
especially within the incident command system (ICS)63 and
hospital incident command system (HICS).64

Strategies to increase the availability and effectiveness of
radiation-specific education include having government
agencies and professional organizations couple traditional
learning with required recertification. Medical cre-
dentialing entities can formally present this material
during initial training and include questions about radi-
ation emergencies in certification exams. These are de-
tailed in the manual. HHS has at least 3 web portals that
are helpful for both healthcare planners and responders for
radiation emergencies:

� Radiation Emergency Medical Management
(REMM)—primarily for healthcare providers and
planners (http://www.remm.nlm.gov/);

� CDC/Radiation Emergencies—focusing on public
health issues (http://emergency.cdc.gov/radiation/); and

� ASPR/Public Health Emergencies—focusing on all-
hazard preparedness and responses as well as spe-
cific hazards (http://www.phe.gov/preparedness/pages/
default.aspx).

The REMM website provides extensive links to vetted re-
source materials from a variety of government and nongov-
ernment sources, including the peer-reviewed medical
literature. Many other entities have useful information as well.

Increasingly, mobile platforms on smartphones and
tablet devices are being used for planning and response.
Future developments may also include the ability to create
and implement health records using field devices like these,
along with applications that can help with triage. Although
the response to radiation emergency mass-casualty inci-
dents is complex, new and efficient ways are available to
assist the responder and planning communities.

International Agencies and Networks

In the wake of the radiation release from the damaged
Fukushima nuclear power plant complex in March 2011,
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the US provided consultation to the American embassy and
to Japan. Concerns about radiation levels in the US illus-
trated that any atmospheric release of radiation can become
an international issue because of the presence of sensitive
radiation detectors worldwide that monitor for potential
nuclear testing and can detect very low levels of radiation
above background. The lowest levels of radiation that can
be detected are well below the amount that requires any
protective actions; however, given the fear of radiation,
when radiation is detected it often requires investigation,
explanation, and public education.

The World Health Organization (WHO) and Interna-
tional Atomic Energy Agency (IAEA), both under the
United Nations (UN), develop recommendations for
planning and preparedness and assist with networks that
have expertise and laboratory capability for biodosimetry
(REMPAN) and medical response (RANET). Individual
countries set their own protective action guidelines (pro-
jected doses used to limit exposure to workers and the
public) based on expertise from professional societies such
as the National Council for Radiation Protection (NCRP)
and the International Commission on Radiological Pro-
tection (ICRP). While all the guidelines are scientifically
based, minor differences in dose and in radiation units used
can lead to confusion. For international response, the US
has the United States Agency for International Develop-
ment (USAID) Disaster Assistance Response Team
(DART) and the Radiation Emergency Assistance Center/
Training Site (REAC/TS) from DoE, as well as experts from
other federal agencies including HHS, DoD, and the Nu-
clear Regulatory Commission (NRC). Ideally, data-sharing
among the various groups will facilitate a coordinated re-
sponse. However, initial uncertainties from limited data early
on and minor differences in protective action guidelines
among nations may lead to speculation and confusion. The
communications and nuclear experts must avoid or actively
address these problems to prevent them from interfering
with effective communication and response.

International Atomic Energy Agency
The prime objectives of the IAEA’s Response System are to
facilitate the exchange of official real-time information
among states (countries) and relevant international orga-
nizations; to provide assistance and advice to states or rel-
evant international organizations on request; and to provide
relevant, timely, truthful, consistent, and appropriate
public information.

Emergency Notification and
Assistance Technical Operations
Manual (ENATOM)
ENATOM65 defines the roles and responsibilities of IAEA,
the state parties, and the IAEA member states regarding

preparation and response to nuclear accidents and radio-
logical emergencies. The IAEA maintains an Incident and
Emergency Centre (IEC) that fulfills the functions that are
placed on the IAEA by the conventions and by rele-
vant safety standards and decisions of the policy-making
organizations.

IAEA’s Response and Assistance
Network (RANET)
RANET66 is a network of states capable and willing, on
request, to rapidly deploy trained, equipped, and qualified
personnel to nuclear or radiological incidents and emer-
gencies. RANET’s major objectives are to strengthen
IAEA’s ability to provide assistance and advice, to coordi-
nate the provision of assistance as specified in the frame-
work of the assistance convention, and to promote
emergency preparedness and response capabilities for nu-
clear or radiological emergencies or incidents among IAEA
member states. In the US, REAC/TS is currently the only
deployable response team that supports RANET.

World Health Organization
WHO works closely with IAEA to prepare for and respond
to nuclear accidents and radiological emergencies—
principally to provide, coordinate, and consult on medical
assistance to victims of incidents involving severe radiation
exposure. WHO can also advise national authorities on
how to prepare for and respond to such radiation accidents
and offer advice on what kind of public health actions may
be needed.

WHO’s Radiation Emergency
Medical Preparedness and Assistance
Network (REMPAN)
Emergency medical support for radiation-exposed individ-
uals is provided through WHO’s REMPAN,67 a network of
40 medical and research institutions designated to provide
emergency medical and public health assistance to people
overexposed to radiation. It also facilitates long-term care
and follow-up of radiation accident victims and conducts
research in radiation emergency medicine, radiotherapeutics,
biodosimetry, and radiation epidemiology. REMPAN is
activated following notification from IAEA or directly to
WHO of a radiation accident with casualties (even in the
case of a single victim with severe exposure).68,69 REMPAN’s
objectives are to promote medical preparedness for radiation
emergencies among WHO member states; to provide
medical and public health advice and assistance and coor-
dination of medical management at international and re-
gional levels in nuclear or radiological emergencies; and to
assist in follow-up studies and rehabilitation.
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Assistance provided by REMPAN in radiation emer-
gencies may include the following resources:

� Human resources specialists: Specialists in radiation
medicine, health physics, radiology, hematology, and
other appropriate specialties (eg, burns), as well as
skilled nurses and technicians

� Equipment: In most centers, substantial resources to
provide special medical assistance to overexposed people,
including portable equipment for radiation monitoring

� Medical services: Assistance for the diagnosis, progno-
sis, medical treatment, and medical follow-up of
people affected by radiation

� Scientific services: Expertise to assess radiation doses to
exposed people (most of the REMPAN institutions
have biodosimetry laboratories)

� Transportation: Advice on the transportation of af-
fected people

� Specialized teams: Capability for WHO to organize
multinational teams to render medical assistance onsite

WHO BioDoseNet
WHO’s BioDoseNet70,71 is a global network of biodosi-
metry laboratories whose role is to support management
and decision making in cases of large radiation emergency
incidents in which the capability of an individual laboratory
is likely to be overwhelmed. In preparing for such incidents,
BioDoseNet focuses on harmonization of methodology,
quality assurance, knowledge sharing, and laboratory in-
tercomparison exercises.

International Assistance Provided

by the United States

Radiation Emergency Assistance
Center/Training Site (REAC/TS)
REAC/TS,62 operated by Oak Ridge Institute for Science
and Education (ORISE), provides assistance regarding
medical and health physics problems associated with radi-
ation accidents in local, national, and international inci-
dents. Through a team of leading experts in emergency
management and radiation incident response, REAC/TS
provides training and consultation to its clients, such as
DoE and CDC, and is recognized as the leader in the
management of medical accidents involving radiation, both
nationally and internationally. REAC/TS can provide the
following resources:

24/7 Availability
A radiological emergency response team consisting of
physicians, nurses, health physicists, and coordination and
necessary support personnel is on 24-hour call to provide

first-line responders with consultative or direct medical and
radiological assistance at the REAC/TS facility or at the
incident site. The team has expertise in and is equipped to
conduct:

� Medical and radiological triage;
� Decontamination procedures and therapies for external

contamination and internally deposited radionuclides;
� Diagnostic and prognostic assessments of radiation-

induced injuries;
� Treatment for internalized radionuclides, including

DTPA and chelation therapy;
� Radiation dose estimates by methods that include

cytogenic analysis, bioassay, and in vivo counting.

Training
The REAC/TS facility serves not only as a treatment fa-
cility, but also as a central training and demonstration unit
at which US and foreign health personnel receive training
in medical management for radiation accidents. The fol-
lowing courses are among those available:

� Pre-Hospital Radiation Emergency Preparedness (PREP)
� Radiation Emergency Medicine (REM)
� Health Physics in Radiation Emergencies (HPREM)

Advanced Radiation Medicine (ARM) International
Response
REAC/TS participates with the international community
via its designation as a WHO collaborating center of RE-
MPAN and IAEA RANET. REAC/TS is prepared to
perform the following functions:

� Serve as a focal point for advice and possible medical
care in cases of human radiation injury;

� Facilitate the progressive establishment of a network of
equipment and specialized staff in human radio-
pathology;

� Assist in the establishment of medical emergency plans
to respond to large-scale radiation accidents;

� Develop and carry out coordinated studies on human
radiopathology and epidemiologic studies that may be
appropriate;

� Assist in the preparation of relevant documents and
guidelines; and

� Provide direct or consultative services to foreign gov-
ernments at the request of WHO or IAEA in the case
of an actual radiation incident.

USAID, Office of the US Foreign
Disaster Assistance, Disaster
Assistance Response Team
OFDA (Office of the US Foreign Disaster Assistance) is the
office in USAID responsible for facilitating and coordi-
nating US government emergency assistance overseas.72
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OFDA deploys Disaster Assistance Response Teams
(DARTs) in response to all types of disasters in which lives
or livelihoods are threatened. These teams are assembled as
needed and include a range of experts, depending on the
situation, including representatives from federal, state, and
local governments, as well as members of the private sector.
For example, in response to the nuclear accident in Japan,
OFDA deployed a DART consisting of urban search and
rescue teams and technical experts in nuclear issues from
across the US government.

Global Health Security Initiative
The Global Health Security Initiative (GHSI)73 is an in-
formal international partnership among countries to
strengthen public health preparedness and response to
threats of CBRN terrorism and pandemic influenza glob-
ally. This initiative was launched in November 2001 by
Canada, the European Union, France, Germany, Italy,
Japan, Mexico, the United Kingdom, and the United
States. WHO serves as an expert advisor to GHSI. Tech-
nical and policy subject matter experts participate in the
following working groups around specific areas of expertise:

� Risk Management and Communications Working Group
� Pandemic Influenza Working Group
� Chemical Events Working Group
� Radiological-Nuclear Threats Working Group
� Communicators Network
� Laboratory Network

Members of the Radiological-Nuclear Threats Working
Group (RNWG) meet regularly in person or via telecon-
ference to share information on public health preparedness
for radiological and nuclear threats in their countries or
organization. HHS expertise on radiological and nuclear
response is available from ASPR, NIH, and CDC, whose
experts will assist in international incidents by providing
advice and deployment, if requested.

Conclusion

Whether a radiological or nuclear incident occurs domesti-
cally or abroad, the United States must be prepared to assist
in planning and response. Although many of the authors of
this article and the manual have played, and continue to play,
major roles in distilling major scientific lessons and partici-
pating in responses to save lives in the event of a nuclear or
radiological emergency, many challenges remain. Main-
taining adequate radiological-nuclear expertise capable of
meeting these challenges in the future is key. The manual
(http://www.phe.gov/nuclearresponsemanual) aims to facili-
tate preparedness and response by offering key principles and
practices in a concise format that links to more detailed
information.
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Key Acronyms

ASPR: Office of the Assistant Secretary for Preparedness and Response
BARDA: Biomedical Advanced Research and Development Authority
CDC: Centers for Disease Control and Prevention
DHHS (or HHS): Department of Health and Human Services
DMI: distributor-managed inventory
EMP: electromagnetic pulse
ESF: Emergency Support Function
EUA: Emergency Use Authorization
FEMA: Federal Emergency Management Agency
HICS: Hospital Incident Command System
IAEA: International Atomic Energy Agency
ICDS: Integrated Clinical Diagnostics System (also Rad LN)
ICRP: International Commission on Radiological Protection
ICS: Incident Command System
IND: improvised nuclear device (also called nuclear detonation)
MCM: medical countermeasures
NCRP: National Council for Radiation Protection
NIAID: National Institute of Allergy and Infectious Diseases
NIH: National Institutes of Health
NIMS: National Incident Management System
NRF: National Response Framework
NRIA: Nuclear/Radiological Incident Annex
ORISE: Oak Ridge Institute for Science and Education
RadLN: Radiation Laboratory Network (also IDCS)
REMM: Radiation Emergency Medical Management
RITN: Radiation Injury Treatment Network
RTR: Radiation TRiage, TReatment, and TRansport system
SNS: Strategic National Stockpile
UMI: user-managed inventory
VMI: vendor-managed inventory
WHO: World Health Organization
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