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Even two decades ago, few would have imagined that ter-
rorism would be planned and carried out on such an enor-
mous scale as it is today. Terrorist attacks rely on horror and
surprise, invoking different times, places, victims, and
methods. Their purpose is to cause widespread confusion,
fear, injury, and death. They disrupt security, and even more
importantly the perception of security, which is essential to
the success of ci vilization. A framework of certainty and
trust allows individuals to carry out the acti vities of normal
life; loss of that belief can lead to distrust, fear, and even
civil disruption.

Success against terrorism ultimately will result from e x-
ercising the fundamental strengths of society . Political and
religious leaders must provide true leadership to their com-
munities by openly condemning these acti vities. Children
will be taught that no cause justif ies inflicting pain and
death upon the innocent. Of course there is the need to cap-
ture the perpetrators and plan to respond to the conse-
quences of their attacks. This fight belongs to all ci vilized
societies. However, today we do not ha ve the necessary
complete cooperation for such efforts across all geopolitical
regions. 

Terrorism pushes the limits of engagement to the e x-
treme, justifying the killing of young children, for example.
This loss of ethical boundaries also threatens the health care
system. Precisely because it is unacceptable beha vior to at-
tack hospitals, ambulances, and health care personnel, they
are at especially high risk. In addition, whether or not they
are the targets, health care workers are the key agents of re-
sponse to terrorism. It is critical that clinicians be able to di-
agnose, triage, decontaminate, and treat victims of terror at-
tacks of all types. 

The entire medical system must w ork together for suc-
cessful consequence management. Statistics sho w that in
mass chemical attacks, (such as occurred in the mid-1990s
in Japan), a majority of victims present directly to hospitals,

PREFACE

without triage or decontamination. It is no longer possible to
assume that our colleagues who are hazardous materials
(HAZMAT) experts, paramedical professionals, or military
teams will conduct all triage, decontamination, and initial
treatment prior to arri val at the hospital. Biological terror-
ism is similar in that victims are likely to present directly to
hospitals and clinics. Therefore, both EMS professionals
and hospital personnel must be prepared to conduct all as-
pects of care for the victims of terrorism.

We have learned that terrorists plan e xtensively to f ind
vulnerable targets, and will likely avoid sites where there is
a strong preparation. Hence, a prepared community is less
likely to ever need to implement the principles contained in
this text. By training in terrorism response, you are directly
protecting your community and yourself from the pain, suf-
fering, and death caused by those who no longer v alue the
sanctity of human life.

One experienced author on hospital preparedness in this
book teaches that responding to terrorism is “lik e a military
ambush.” This means that the most important decisions
must be made and practiced prior to the e vent. One half of
this text is devoted to providing practical tools for the ad-
ministrator, disaster planner and key health provider-leaders
to prepare and plan for terrorism response at their clinical
site.

Terrorism is an unfortunate reality of our time. This text
is written by leading authorities on this topic from around
the world, and we trust that the reader will find it to provide
the most relevant and updated information to respond to this
threat.

Daniel C. Keyes, MD, MPH
Jonathan L. Burstein, MD, FACEP
Richard B. Schwartz, MD, FACEP

Raymond E. Swienton, MD, FACEP
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Chemical Terrorism

2

Section 1

1
Chemical Nerve Agents
Daniel C. Keyes

INTRODUCTION

Terrorism has become a reality of life in man y parts of the
world. News reports frequently remind us of those individu-
als and groups who are intent on injuring and killing non-
combatants in the name of a cause, for personal satisfaction,
or for power. The March 1995 sarin nerv e agent attack on
the Tokyo subway system resulted in a heightened le vel of
concern in the United States for such an attack on domestic
soil. Since the attacks on the World Trade Center in 1993
and September 2001, the United States has entered into a
new era of awareness of the terrorism threat.

Although there are a variety of potential weapons for ter-
rorism, only a few are currently thought to be lik ely for use
in a nonmilitary setting. Dr . Alexei Yablokov, an expert on
nuclear security and former science advisor to President
Boris Yeltsin, testified before the National Security House
Subcommittee in 1997 about the e xistence of “nuclear suit-
case bombs” in the former So viet Union and the lack of
knowledge of their current location (1). Each suitcase is at-
tributed a 1-kiloton nuclear weapon. It is assumed that nu-
clear weapons might be dif ficult for a terrorist group to
bring into the United States and detonate. Radioactive mate-
rials could, however, be incorporated into an e xplosive de-
vice and thus constitute a greater threat.

Chemical and biological agents are considered much
more likely to be used and thus are considered to be highly

significant threats by the U.S. Federal Bureau of In vestiga-
tion. Both of these have now been used in a nonmilitary set-
ting with signif icant consequences. It is no w considered a
question of when, not if a terrorist using chemical weapons
will strike in many countries.

HISTORY OF BIOLOGICAL AND
CHEMICAL WARFARE

Nonconventional weapons have been used throughout his-
tory. The Greeks used animal corpses to pollute the w ater
wells used by the enemy . In the Middle Ages, invading
armies catapulted bodies laden with plague and other dis-
eases against besieged populations (2). The United States,
Britain, and France ha ve all used blank ets laden with
smallpox to infect Native Americans. In World War I, bio-
logical and chemical weapons became important tools of
the continental armies. At Ypres, Belgium, the Germans
instituted the f irst use of chemical agents in w arfare. In
April 1915, they released 168 tons of chlorine gas along
enemy lines. Five miles of Allied lines were opened, but
the Germans did not expect such a result, and they did not
take advantage of the success. They later implemented
mustard gas also. There were approximately 1 million
chemical casualties in World War I, with approximately
5% of those being fatalities.



The number of terrorist acts and attempts ha ve been in-
creasing since the 1970s. Man y of these ha ve involved the
use of explosive devices; however, there have been several
notable attempts to use chemical and biological agents (Fig.
1-1). In 1972, a group called the Order of the Rising Sun was
found to have 30 to 40 kg of typhoid bacteria cultures with
which they intended to attack the water supplies of Chicago,
St. Louis, and other cities in the Midwest. In 1984 the Bhag-
wan cult located in a small to wn in Oregon, sprayed salmo-
nella onto restaurant salad bars in an attempt to influence
local elections. In that e vent, 45 victims were admitted to
area hospitals, and 751 people became ill. No fatalities were
reported. These two events were more isolated in nature.

In the early 1980s, a man named Chizuo Matsumoto
changed his name to Asahara and established the Aum As-
sociation of Mountain Wizards. After a trip to meet the
Dalai Lama, he decided to establish a w orld religion and
changed the name of his or ganization to Aum “Supreme
Truth” or Aum Shinrikyo. This organization grew to a mem-
bership of 20,000 members and an estimated wealth of
$1 billion. The group became increasingly authoritative, re-
quiring absolute submission to its leader , Asahara. The
group carried out assassinations of opponents and de vel-
oped facilities to manufacture nerve agents and biological
terrorist weapons.

In June 1994, the group attempted to assassinate three
judges in Matsumoto, Japan. The assassination team re-
leased sarin nerve agent in the residential community where
the judges lived. The attack involved a truck with a special
device to release sarin. Although the judges were not killed,
seven people died, and 280 were injured.

On March 20, 1995, Aum Shinrikyo launched a chemical
attack on the Tokyo subway (3). They put dilute sarin nerve
agent into lunch box es and other containers disguised as
lunch bags. The terrorists used umbrellas with sharpened
points to puncture the containers during the morning rush
hour on three subw ay lines. This tragic e vent caused 11
deaths and approximately 5,500 injuries among the com-
muters and emer gency responders (4). The nearest acute
care facility, St. Luke’s International Hospital, saw 641 of
the victims. Approximately 85% of the victims bypassed the
emergency medical system and presented directly to hospi-

tals without decontamination. Fortunately, the weekly grand
rounds were taking place at St. Luk e’s hospital and a lar ge
part of the medical staff was present when patients began ar-
riving (5).

During this event, the identity of the poison involved was
not initially known, and there was a delay in reporting this
information to the hospitals. Medical personnel contacted
the poison center, but this agency had not been informed of
the nature of the toxin. Initially, it was assumed that the vic-
tims had been e xposed to carbon monoxide or possibly
cyanide vapor. A physician from Matsumoto correctly noted
from news coverage that this was similar to the incident that
had occurred in his city several months previously. He con-
tacted colleagues in Tokyo with the identity of the agent
within 2 hours of the subway attack (6).

The Tokyo sarin incident demonstrated a concept com-
monly discussed by disaster response planners. A great
majority of victims presented directly to hospitals without
the intervention of hazmat or other Emer gency Medical
Services (EMS) personnel. A typical time for response
and set-up for a hazmat incident is 1 hour. This is the time
realistically required because of the sequence of activities
that must occur: notification, response, hot-zone and
perimeter setup, assembly of decontamination stations,
and initiation of victim triage. In most cases, ambulatory
victims are not willing to w ait so long for treatment or
transportation to a medical facility. The most realistic op-
tion for an individual on the scene would be to obtain pri-
vate transportation to the nearest emer gency room. As a
result of this public self-referral to area hospitals, health
facilities must be prepared with decontamination f acili-
ties, personal protective equipment (PPE), antidotes, and
disaster plans to respond to such an incident; the y cannot
rely on EMS for these actions.

Physicians are k ey participants in the response to a
chemical agent attack. After a terrorist incident, the great
majority of patients present to hospitals without the benef it
of decontamination or treatment at the scene by emer gency
medical system personnel. This means that medical person-
nel and hospitals must plan to be able to respond to such an
incident. The agents that are discussed here include tab un,
sarin, soman, and VX.
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Figure 1–1.  Chemical, biological, and nu-
clear terrorist incidents in the United States
and abroad since 1970. [Adapted from Sol-
dier Biological and Chemical Command
(SBCCOM), 2003. Domestic Preparedness
Training Program Materials.]
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Abbreviation Common Name Proper Name

GA Tabun Ethyl N-dimethylphosphoramidocyanidate

GB Sarin Isopropyl methylphosphonofluoridate

GD Soman 1,2,2-trimethylpropyl methylphosphonofluoridate
(Pinacolyl methylphosphonofluoridate)

GE Ñ Isopropyl ethylphosphonofluoridate

GF Ñ Cyclohexyl methylphosphonofluoridate

VX Ñ O-Ethyl S-[2-(diisopropylamino)ethyl] methylphosphonothioate

VE Ñ O-Ethyl S-[2-(diethylamino)ethyl] ethylphosphonothioate

VG Ñ O O-Diethyl S-[2-(diethylamino)ethyl] phosphorothioate

VM Ñ O-Ethyl S-[2-(diethylamino)ethyl] methylphosphonothioate
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Figure 1–2.  Structures and nomenclature of nerve agents. Ñ = No common name assigned. (Adapted from Ballan-
tyne B, Marust C, eds. Clinical and experimental toxicology of organophosphates and carbamates. Oxford: Butter-
worth-Heinemann, 1992.).

TABLE 1-1 Physical and Chemical Properties of the Nerve Agents

MOLECULAR FORMULA, MOLECULAR WEIGHT LCt50 VOLATILITY VAPOR DENSITY TOPICAL 
AGENT (G/MOL), CAS REGISTRY NO. (MG/MIN/M3) (MG/M3 AT 25°C) (AIR = 1) LD50 (MG)

Tabun (GA) C5H11N2O2P; 162.12; 77-81-6 400 610 5.63 1,000
Sarin (GB) (CH3)2CHOP(CH3)OF; 140.11; 107-44-8 100 22,000 4.86 1,700
Soman (GD) C7H16FO2P; 182.17; 96-64-0 50 3,900 6.33 100
VX C11H26NO2PS; 267.37; 50782-69-9 10 10.5 9.20 10
LCt50, the does that kills 50% of unprotected humans expressed as a concentration per cubic meter and with a 1-minute exposure.
Modified from Holstege CP, Kirk M, Sidell FR. Chemical warfare. Nerve agent poisoning. Crit Care Clin. 1997;13:923–42.
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HISTORY OF THE NERVE AGENTS

The nerve agents include the German products tab un
(GA), sarin (GB), and soman (GD), known as the “volatile
agents,” and VX, a “persistent agent.” The biologic and
physical properties of these agents and se veral others are
provided in Table 1-1 and Fig. 1-2.

The modern use of nerv e agents began in World War II
(7). A chemist named Gerhard Schrader was working on the
development of organophosphate (OP) insecticides in 1936
when he de veloped the f irst nerve agent, tabun. This was
followed by SARIN, named for the initials of the scientists
involved in its creation (8). The German Ministry of De-
fense established a large production facility at Dyhernfurth.
This facility produced tab un and sarin be ginning in 1942
(8). Toward the end of the war, the Soviets captured the Dy-
hernfurth facility, dismantled it, and moved it to the former
Soviet Union where production continued.

THEORETICAL AND SCIENTIFIC
BACKGROUND

The nerve agents dif fer in their potential toxicities (T able
1-1). The LCt50 refers to the dose that kills 50% of unpro-
tected humans expressed as a concentration per cubic meter
and with a 1-minute exposure. The first three agents (tabun,
sarin, and soman) are considered volatile agents, with char-
acteristics that allow their suspension in air from a properly
designed dissemination device. The highly viscous VX has
a consistency similar to motor oil.

Nerves communicate with each other by secreting chem-
ical neurotransmitters in the synapse (nerv e terminal). The
neurotransmitter in the cholinergic subset of the autonomic
nervous system, and also in autonomic ganglia is acetyl-
choline (Fig. 1-3). Nerve agents and other organophosphate
chemicals inhibit this neurotransmitter and cause an e xcess
of cholinergic symptoms. 

The neurotransmitter acetylcholine becomes attached to
acetylcholinesterase (AChE) by weak ionic bonds. At the
esteratic site, acetylcholine is cleaved into two simple mole-
cules: acetate and choline. This enzyme has a high turnover

number (number of substrate molecules that it catalyzes per
unit time). Acetate goes into intermediate metabolism, and
choline is taken up presynaptically and rec ycled by combi-
nation with acetyl CoA to make more acetylcholine. 

Organophosphorus and carbamate compounds are at-
tracted to this esteratic site of AChE, and, as a result of this
attraction, acetylcholine cannot enter. This blocks the cleav-
ing of the neurotransmitter and causes acetylcholine accu-
mulation in the synapse. Carbamates attach to both the an-
ionic and esteratic sites. A portion of the carbamate is
immediately cleaved off. The enzyme remains inactive dur-
ing the time in which the carbamate remains carbamoylated
to this esteratic site. This hydrolysis step may take 1 hour in
the case of the pharmaceutical agent physostigmine, or sev-
eral hours in the case of p yridostigmine. Carbamate inacti-
vation of AChE is always reversible.

In contrast to the carbamates, most OPs attach only to the
esteratic site of AChE. Nerve agents and organophosphorus
insecticides combine with the hydroxyl group of a serine
residue, leaving an inactive phosphorylated form of the en-
zyme. Depending on the size of the alk yl group on the OP
molecule, hydrolytic cleavage may tak e a long time to
occur, or it may not occur at all. If this bond becomes per-
manent, the enzyme remains inactivated definitively. When
the AChE enzyme has become permanently inactivated, this
is referred to as aging of the enzyme. New enzyme must be
synthesized for the synapse to function normally once
again. In the case of red blood cells, this period of regenera-
tion corresponds to the life of the cell, or 120 days. A series
of antidotes, known as oximes, can reverse the inhibition of
the AChE enzyme if gi ven before the permanent bond has
formed (known as aging). Examples of these oxime anti-
dotes include pralidoxime and obidoxime. They will be dis-
cussed in more detail later.

Wherever AChE excess is found, there are symptoms of
cholinergic excess. Acetylcholine is the neurotransmitter at
the neuromuscular endplate and for the parasympathetic
nervous system. It is also the neurotransmitter at the gan-
glionic level for the sympathetic and parasympathetic nerv-
ous systems. As a result, neurotransmitter excess is mani-
fested in the sympathetic and parasympathetic nerv ous
system. Ganglionic, nicotinic cholinergic excess can result
in tachycardia, hypertension, and mydriasis, which may be
misleading for the clinician who e xpects to see the classic
cholinergic (muscarinic) findings.

Figure 1–3.  Acetylcholine neurotransmission. [From Texas Terrorism Response and Emergency Care (Texas TREC) Course syllabus
2003. With permission.]



CHARACTERISTICS OF SPECIFIC AGENTS

SARIN

A 52-year-old man was exposed to sarin nerve agent and de-
veloped the following signs: cyanosis, seizures, labored res-
pirations, miosis, muscle fasciculations, marked salivation,
and rhinorrhea. He w as treated with atropine (14 mg in 1
day), pralidoxime chloride (2 g in 150 ml normal saline IV)
given three times o ver the f irst 2 hours, oxygen, assisted
ventilation, and nasogastric suction. The patient recovered
within several days after a period of emotional lability b ut
died of an acute myocardial infarction 18 months later (9).

Three adults e xperienced a sudden onset of rhinorrhea
and slight respiratory discomfort, miosis, eye pain, increase
in salivation, scattered wheezes, and rhonchi. Symptoms
were mild and no treatment w as given. The AChE levels
were depressed, with full reco very occurring in 20 to 90
days (9,10).

Two adults accidentally e xposed to sarin v apor (0.09
mg/m3) exhibited RBC-ChE le vels of 19% and 84%, re-
spectively, and developed fixed extremely miotic pupils
(11). No other signs or symptoms de veloped, and neither
man required treatment. Recovery to normal cholinesterase
activity was gradual over a 90-day period. Pupillary reflexes
were not detectable 11 days after e xposure. The miotic
pupils dilated slowly over a 30- to 45-day period (12). Inhi-
bition of red cell cholinesterase acti vity appears to be di-
rectly related to the dose of sarin. After exposure to sarin at
a concentration of 2.73 mg/m 3 for 2 minutes, one of tw o
subjects manifested a 23% RBC-ChE inhibition. Contrac-

tion of the pupils persisted for 24 hours (13). Workers ex-
posed to sarin three or more times within the pre vious 6
years developed long-term brain abnormalities reflected in
the electroencephalogram (14–16).

SOMAN

There are few reported cases of soman poisoning. One such
case is reported from over 30 years ago. A 33-year-old male
laboratory technician was working with 1 ml of 25% (V/V)
soman solution and brok e the pipette, splashing a small
amount into and around his mouth. “He immediately
washed his face and rinsed his mouth with w ater and was
brought to the emer gency room . . . about 5 to 10 minutes
after the accident. He complained of impending doom and
immediately collapsed. His physical e xamination revealed
him to be comatose with labored respirations and he w as
slightly cyanotic. He had miosis, which persisted for over 2
months (Fig. 1-4), markedly injected conjuncti va, marked
oral and nasal secretions, moderate trismus and nuchal
rigidity, prominent muscular fasciculations, and hyperactive
deep-tendon reflexes. Except for tachycardia, his heart,
lungs, and abdomen were normal” (9).

After a total of 12 mg of atropine as well as pralidoxime,
his bronchoconstriction became less se vere; however, he
could not be intubated because of trismus. He received a tra-
cheostomy and awoke after approximately 30 minutes. His
hospital course w as described as dif ficult with persistent
fasciculations, nausea, weakness, and restlessness. Although
previous publications suggested the possibility of worsening
cholinergic symptomatology with the use of phenothiazines,
he was given a dose of Phener gan®. He later de veloped
torticollis that responded to diphenhydramine (17,18). A re-
markable feature of this case w as the requirement of anti-
cholinergic therapy for 5 more weeks (Fig. 1-3). Sco-
polamine was administered with v arying effects during the
hospital course. The drug seemed benef icial at the be gin-
ning of his medical care but detrimental toward the end (19).

TOXIC DOSE

In experiments conducted some 45 years ago, a sarin dose
of 2 mg/kg IV produced no symptoms in human subjects.
The red cell cholinesterase (RBC-ChE) w as depressed to
28% of control values. No spontaneous recovery was seen.
The antidote 2-PAM Cl was administered (2.5 to 25 mg/kg)
1 to 5 hours after sarin exposure, resulting in reactivation of
approximately 40% of the RBC-ChE (20,21).
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Figure 1–4. Prolonged miosis after accidental exposure to
soman. As with other volatile agents, miosis tends to be pre-
dominant and is prolonged. This fascinating series of photo-
graphs was taken by Dr. Frederick Sidell to demonstrate the long
duration of miosis after soman exposure. These photographs
were taken over a 62-day period in which the patient was maxi-
mally dark-adapted, then a flash photograph was taken of the
pupil faster than its ability to constrict. (From Sidell FR, 1974.
With permission.).



Oral VX administration of 0.004 mg/kg resulted in a few
symptoms (diarrhea, transient nausea) within 3 to 4 hours
(10). The RBC-ChE w as depressed to 70% belo w normal
values in this experiment. Spontaneous recovery occurred in
some subjects within 24 to 48 hours. Pralidoxime chloride
(5 to 30 mg/kg IV) w as administered at 5 to 48 hours after
VX. All subjects exhibited reactivation of 70% of the inhib-
ited enzyme. With a VX infusion of 1.5 mg/kg IV, most sub-
jects experienced some lightheadedness and dizziness; some
had nausea and vomiting within 1 hour. An increase in heart
rate and blood pressure w as observed at 3 hours. Erythro-
cyte cholinesterase was depressed to approximately 20% of
normal in subjects with symptoms and to 28% of normal in
asymptomatic subjects. Spontaneous recovery of RBC-ChE
was observed at 1% per hour o ver 70 hours. Pralidoxime
chloride (2.5 to 25 mg/kg IV) at 0.5 to 24 hours after VX re-
sulted in reactivation of 70% of the inhibited enzyme.

SIGNS, SYMPTOMS, AND
LABORATORY: DIAGNOSIS
OF AGENT EXPOSURE

The primary diagnosis of exposure to nerve agents is based
on the signs and symptoms of victims. The majority of ex-
posed patients present with miosis (small pupils) in the case
of the v olatile agents. It is interesting that victims of VX
exposure usually do not manifest miosis. With any of these
agents, the more severely intoxicated patients present with
vomiting and seizures. Observ ation of these ef fects should
provoke the inclusion of nerv e agent exposure in the mind
of the treating physician. The combination of miosis a nd
muscle fasciculation is considered pathognomonic of or-
ganophosphate exposure. If several patients present with the
same symptoms, this should cause the physician and hospi-
tal staff to consider the possibility of a terrorist attack with
these agents. If a chemical attack occurs, one would expect
that the majority of victims w ould arrive within a short pe-
riod of time (hours) during the same day as the exposure.

The cholinergic symptoms are listed in Table 1-2. It is of
special importance to include the important f indings of
bronchorrhea and bronchoconstriction in one ’s effort to re-
member this toxic syndrome. These are the principal causes
of death in or ganophosphate poisoning. The resolution of
pulmonary and bronchial complications constitutes the pri-
mary endpoint of treatment. The common mnemonic
SLUDGE (salivation, lacrimation, urination, diaphoresis,
defecation, GI motility, emesis) leaves out this important
endpoint and should not be used for teaching health care
providers the characteristics of the cholinergic (muscarinic)
toxic syndrome. A better mnemonic for this purpose is
DUMBELS (diarrhea, urination, miosis, bronchoconstric-
tion and bronchorrhea, emesis, lacrimation, salivation).

Vapor exposures tend to primarily af fect the areas the y
have contact with, eyes (miosis) or lungs (bronchoconstric-
tion) (Table 1-3). In contrast, dermal application of the same
agent often produces local ef fects of f asciculation and
sweating. Systemic effects may follow and may be delayed
(Table 1-4).

DIFFERENCE BETWEEN
ORGANOPHOSPHORUS NERVE
AGENTS AND INSECTICIDES

Many people are familiar with insecticide poisoning, which
occurs with much greater frequency than nerve agent expo-
sure. Although many similarities exist between the OP in-
secticides and the nerve agents in terms of their pathophysi-
ology and treatment, there are some differences. In cases of
volatile nerve agent exposure, patients who do not present
to the hospital with symptoms are not lik ely to become ill
later. Several of the OP insecticides dif fer in this respect.
Some OP insecticides such as fenthion and chlorfenthion
may cause late onset of symptoms 12 or more hours after
exposure due to their strong lipophilicity . The nerve agent
VX can also cause severe symptomatology late after the ex-
posure; however, the G agents (tabun, sarin, soman) typi-
cally have an onset of symptoms within minutes.

Another difference associated with the OP insecticides is
the type of complications that the patients de velop. A syn-
drome called organophosphate-induced delayed neuropathy
(OPIDN) occurs with some insecticides. It occurs following
acute exposure to some OP insecticides, and includes weak-
ness or paralysis, usually in the lo wer extremities. Some-
times there is also pain or numbness. This is possibly due to
the action of these insecticides on neuropathy target es-
terase (NTE), an enzyme located in the distal nerv e. Such
chronic neuropathy does not appear to occur with the nerv e
agents. Another difference between OP insecticides and the
nerve agents is with respect to the dosing of atropine, which
is needed to treat exposed victims. The OP insecticides may
require extremely large doses of atropine, sometimes over
1,000 mg, in small doses. The nerve agents rarely require
more than 20 to 30 mg of atropine.

CHARACTERISTICS AND CASE REPORTS
OF SOME SPECIFIC NERVE AGENTS

DIAGNOSTIC TESTING: CHOLINESTERASE
MEASUREMENT

There are two types of cholinesterases in the blood. These
blood cholinesterase levels do not e xactly reflect the ef-
fect of nerv e agents inside tar get cells throughout the
body. But they do provide an indirect w ay of measuring
the activity of this enzyme, and the seriousness of e xpo-
sure to the nerv e agents. The two types are (a) serum or
butyrylcholinesterase (BChE) and (b) RBC-ChE. The
first, BChE, is the easiest one to measure and is also de-
scribed as serum or pseudocholinesterase. The second
cholinesterase, RBC-ChE or “true” cholinesterase, is
thought to be a more representati ve marker for tissue
AChE activity, but it is more dif ficult to determine be-
cause it is inside of the red cell. Cholinesterase levels may
vary depending on ethnicity and other genetic factors, nu-
tritional status, and underlying disease states. Consider-
able variation occurs between individuals.
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TABLE 1-3    Effects of Vapor Exposure to Nerve Agentsa

Exposure to small amount (local effects)
Miosis
Rhinorrhea
Slight bronchoconstriction/secretions (slight dyspnea)

Exposure to moderate amount (local effects)
As above plus the following:
Loss of consciousness
Convulsions (seizures)
Generalized fasciculations
Flaccid paralysis
Apnea
Involuntary micturition/defecation

aOnset within seconds to several minutes after onset of exposure. 
Adapted from Sidell FR. In: Somani SM ed. Chemical warfare agents. San Diego: Academic Press,
1992: 155–94.

TABLE 1-2    Signs and Symptoms of Nerve Agent Poisoning

SITE OF ACTION SIGNS AND SYMPTOMS

After local exposure
Muscarinic 

Pupils Miosis, marked, usually maximal (pinpoint), sometimes unequal
Ciliary body Frontal headache, eye pain on focusing, blurring of vision
Nasal mucous membranes Rhinorrhea, hyperemia
Bronchial tree Tightness in chest, bronchoconstriction, increased secretion, cough
Gastrointestinal Occasional nausea and vomiting

After systemic absorption (depending on dose)
Bronchial tree Tightness in chest, with prolonged wheezing expiration suggestive of bronchoconstriction 

or increased secretion, dyspnea, pain in chest, increaseed bronchial secretion, cough,
cyanosis, pulmonary edema

Gastrointestinal Anorexia, nausea, vomiting, abdominal cramps, epigastric and substernal tightness 
(cardiospasm) with “heartburn” and eructation, diarrhea, tenesmus, involuntary
defecation

Sweat glands Increased sweating
Salivary glands Increased salivation
Lacrimal glands Increased lacrimation
Heart Bradycardia
Pupils Miosis, occasionally unequal, later maximal miosis (pinpoint)
Ciliary body Blurring of vision, headache
Bladder Frequency, involuntary micturition

Nicotinic
Striated muscle Easy fatigue, mild weakness, muscular twitching, fasciculations, cramps, generalized 

weakness/flaccid paralysis (including muscles of respiration) with dyspnea and cyanosis
Sympathetic ganglia Pallor, transitory elevation of blood pressure followed by hypotension

Central nervous system Immediate (acute) effects: generalized weakness, depression of respiratory and circulatory 
centers with dyspnea, cyanosis, and hypotension; convulsions, loss of consciousness,
and coma

Delayed (chronic) effects: giddiness, tension, anxiety, jitteriness, restlessness, emotional 
lability, excessive dreaming, insomnia, nightmares, headaches, tremor, withdrawal and
depression, bursts of slow waves of elevated voltage in electroencephalogram (especially
on hyperventilation), drowsiness, difficulty concentrating, slowness of recall, confusion,
slurred speech, ataxia

Adapted from Army FM8-285, Navy NAVMED P-5041, Air Force AFM 160-11 Field Manual. The treatment of chemical agent casualties and con-
ventional military chemical injuries. Washington DC: Departments of the Army, the Navy, and the Air Force; February 28, 1990.



Studies that have attempted to relate symptoms of tox-
icity to AChE levels have found a greater correlation to
RBC-ChE than to BChE (19,22). Man y OP insecticides
preferentially inhibit BChE, whereas nerve agents such
as VX tend to inhibit RBC-ChE to a greater de gree
(10,23). Once inhibited, BChE is resynthesized more rap-
idly than RBC cholinesterase, which takes approximately
120 days to return to normal, or 1% per day (24). BChE
requires approximately 50 days to return to normal le v-
els. BChE less than 20% of predicted w as a useful prog-
nostic indicator for poor outcome in the Tokyo sarin ter-
rorist attack (25).

Symptoms vary in the degree that they relate to serum
cholinesterase levels. Eye and airw ay signs are caused
principally by direct e xposure and have little correlation
to RBC-ChE levels (26–28).

DIAGNOSTIC TESTS TO IDENTIFY
NERVE AGENTS

A capillary column gas chromatography-mass spectrometry
method is a vailable for tab un determinations. Gas chro-
matography retention indices ha ve been determined for 22
chemical warfare agents (29).

MEDICAL MANAGEMENT:
DECONTAMINATION AND TREATMENT

Treatment of nerve agents generally follows proper deconta-
mination of the victims (discussed in the following section).
If contaminated patients are brought into the hospital, many
of the staff members may become secondarily contaminated
and develop injury from e xposure to the nerv e agent in-

volved (30). Where autoinjectors are a vailable (discussed
later), treatment simultaneous with decontamination may be
considered. 

DECONTAMINATION

Personal protective equipment refers to special garments de-
signed to protect the members of the decontamination team
against exposure to the toxic materials. The components of
PPE include suits, eye protection, boots, gloves, and respira-
tory devices. Various types of PPE are a vailable depending
on the agent involved and the risk of exposure. Not all hos-
pital staff members require sophisticated PPE, provided that
victims are adequately decontaminated before entering the
hospital. However, all personnel who work with decontami-
nated patients should work in a well-ventilated environment
and use basic uni versal precautions including the use of a
face mask. “Universal” precautions (also kno wn as Body
Substance Isolation or BSI), do not prevent the inhalation of
a nerve agent; however, they do minimize the risk of sec-
ondary contamination from splash and small amounts of
contaminants that might not be removed from the victim.

The use of more sophisticated PPE is required by an y
personnel who is involved in decontamination and also for
those involved with the initial triage of victims. Those who
use this type of equipment are required to recei ve appropri-
ate training as mandated by the U.S. Occupational Safety
and Health Administration (29 CFR 1910.120 and
19410.134), and also in some cases by the National Institute
for Occupational Safety and Health (NIOSH), the U.S. En-
vironmental Protection Agency (EPA), and the Joint Com-
mission on Accreditation of Healthcare Or ganizations
(JCAHO).

Decontamination is the process of physically remo ving
toxic substances from a victim, equipment, or supplies. In
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TABLE 1-4    Effects of Dermal Exposure to Nerve Agents

Minimal exposure
Increased sweating at site of exposure
Muscular fasciculations at site of exposure

Moderate exposure
Increased sweating at site
Muscular faciculations at site
Nausea, vomiting, and diarrhea
Feeling of generalized weakness
May be precipitant in onset after lone (4–18 h) asymptomatic interval

Severe exposure
The previous may be present
Loss of consciousness (may be precipitous in onset after asymptomatic interval)
Convulsions (seizures)
Generalized fasciculations
Flaccid paralysis
Apnea
Involuntary micturition/defecation

Adapted from Sidell FR. In: Somani SM ed. Chemical warfare agents. San Diego: Academic Press,
1992: 155–94.



the hospital setting, it is imperative to avoid the introduction
of contaminated elements into the clinical setting. In most
cases, victims arrive at the hospital nearest to the incident
with no prior decontamination. Institutions should ha ve a
plan for decontaminating victims of hazardous material in-
cidents, including those involving terrorist nerve agents. In
the 1995 terrorist sarin incident of Tokyo, many hospital
personnel were secondarily contaminated due to their in-
volvement in removing clothing or working in poorly venti-
lated environments. At one research institution, the Keio
University School of Medicine, 13 people developed symp-
toms of secondary contamination from of f-gassing of the
nerve agent (30).

For the volatile nerve agents such as sarin, decontamina-
tion is nearly complete with the simple remo val of clothing
and jewelry by the decontamination team. Use of lar ge
amounts of lo w-pressure water adequately completes the
decontamination, along with the use of soap and a gentle
brush to assist in the removal of fat-soluble substances. De-
contamination is most ideally undertak en outdoors near the
hospital emergency department. This outdoor setting is es-
pecially suitable for areas with milder weather. Indoor facil-
ities are necessary in conditions of se vere winter weather.
Security personnel should have a plan to direct traffic to the
decontamination area, and to prevent entry of persons into
other parts of the hospital. Signs, the presence of security
personnel, and locking incorrect access points help to en-
sure the proper flow of traffic.

Bleach solutions have sometimes been advocated for use
in decontamination, particularly after mustard e xposures.
However, bleach may be irritating when used on human
skin, and is more challenging to store and use properly. It is
no longer routinely recommended for use on li ving victims
of a chemical agent attack. Cada vers exposed to nerv e
agents may require special hypochlorite treatment, however.
Simple soap and water are adequate for large-scale exposure
such as the sarin attack in Tokyo—in which more than 600
patients arrived within the first hours after the incident. With
an event such as this, it is not appropriate to be concerned
over use of hypochlorite solution. The simple remo val of
clothing and jewelry outside of the facility by properly pro-
tected decontamination personnel w ould have essentially
eliminated the secondary contamination problems e xperi-
enced in the Tokyo incident.

SUPPORTIVE CARE

The acute management of the patient with nerv e agent expo-
sure involves rapid establishment of a patent airw ay. The
major cause of death in nerv e agent poisoning is hypoxia re-
sulting from pulmonary and bronchial in volvement with the
toxin. In cases of se vere bronchoconstriction and bronchor-
rhea, it may be necessary to pro vide atropine before other in-
terventions are attempted. Endotracheal intubation may be dif-
ficult without first administering atropine, due to the very high
airway resistance associated with bronchoconstriction. This
can be on the order of 50 to 70 cm,higher than the pressure al-
lowed by the “pop-off” valve of most bag-valve mask devices.

Patients who respond to treatment initially begin to show
small skeletal muscle movements. They progress to sponta-
neous, random movements of the limbs and then a struggle

against the mechanical ventilation. There may be alternating
periods of spontaneous breathing and apnea. Weakness and
obtundation may persist for 1 or more days. Miosis and sub-
tle mental change may persist for weeks (31–33).

ANTIDOTES

Three classes of pharmaceuticals are considered essential in
the management of nerve agent exposure and OP insecticide
intoxication: atropine, pralidoxime (or other oximes), and
diazepam (or other benzodiazepines).

Atropine. Atropine is an agent with both systemic and
central effects to combat the consequences of acetylcholine
excess at muscarinic sites. Atropine dosing should be gin
with typical advanced cardiac life support doses of 1 to 3
mg, but may require much more than the usual amounts
after this initial test-dose (T able 1-5). Lack of response to
normal doses of atropine supports the diagnosis of nerv e
agent or other OP toxicity. Patients with severe muscarinic
effects require larger amounts of atropine. The endpoint of
atropine administration is the clearing of bronchial secre-
tions and a decrease in ventilatory resistance. This is an es-
sential point to remember because heart rate and pupil di-
ameter are not useful parameters for monitoring the
response to treatment with this antidote. Neb ulized bron-
chodilators such as albuterol are not as effective as atropine
at treating nerve agent exposure due to the need for an anti-
cholinergic effect (7).

Typical doses for atropine in se verely intoxicated nerve
agent casualties are in the range of 5 to 15 mg (9,34). This is
in sharp contrast to the much lar ger doses required in
organophosphate insecticide intoxication, in which several
grams of atropine may be required in the f irst days of treat-
ment (35,36). In cases of severe OP poisoning, an IV drip is
implemented to meet the continuing requirement for
atropinization (37). This is not usually needed for the nerv e
agents.

The U.S. military supplies kits containing the tw o most
important antidotes for nerv e agent exposure, atropine and
pralidoxime. The military kit, known as the Mark I, consists
of two autoinjector pens. The smaller autoinjector contains
2 mg of atropine for intramuscular administration. The
autoinjector mechanism pro vides remarkable rapid ab-
sorption (Fig. 1-4). After the atropine is administered, the
pralidoxime is administered in the same f ashion either to
the same thigh or to the opposite side. The atropine autoin-
jectors each contain 2 mg of atropine citrate. Such kits are
also available commercially for civilian use (Meridian Med-
ical Technologies, St. Louis, MO). These autoinjectors per-
mit rapid intramuscular injection of antidote through protec-
tive clothing and underlying garments. Experience sho ws
these autoinjectors to be ef fective at administering certain
medications, such as atropine (Fig. 1-5 and reference). Mili-
tary medical personnel carry additional atropine autoinjec-
tors and are trained to add more atropine as required based
on the endpoints of good control of respiratory secretions
and adequate respiratory effort (38). In the hospital setting,
most planners ha ve concluded that intra venous pharma-
ceutical preparations should be used instead of autoinjec-
tors. This is also the case with the oximes, which are dis-
cussed next.
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Oximes. The oximes (pralidoxime, obidoxime) are nucle-
ophilic substances that reacti vate the acetylcholinesterase
inhibited by OP toxins. An oxime should be administered
before aging, permanent disabling of the cholinesterase en-
zyme, occurs. Aging occurs at different time intervals from
exposure for different nerve agents. For example, sarin re-
quires several hours to age, whereas soman ages in only 2 to
6 minutes, and VX takes more than 2 days (Table 1-6). The
time for complete aging is approximately 10 times the half-
life, and treatment with an oxime may be useful up to this
point.

After the oxime has regenerated acetylcholinesterase, the
enzyme resumes its critical role in the breakdown of acetyl-
choline, normalizing neurotransmission. This brings about
the improvement of nicotinic symptoms, such as fascicula-
tions, muscle twitching, and the return to normal muscle
strength. Pralidoxime is the oxime used currently in the
United States. Other countries use obidoxime or other
oximes to treat nerv e agent victims. Pralidoxime as the
chloride (2PAMC1) or mesylate (P2S) probably is best ad-
ministered in a dose of 30 mg/kg body weight o ver a 30-
minute period every 4 to 6 hours, preferably by IV injection,
but it can also be gi ven by intramuscular injection (T able

1-5). Oxime concentrations more than 4 mg/ml can be
maintained for 3 to 6 hours after intramuscular injections of
30 mg/kg body weight of either oxime (chloride or mesy-
late). Alternatively, 2-PAM (chloride or mesylate) can be
given as a continuous infusion at a rate of 550 mg/hour (8
mg/kg/hour) after the injection of 30 mg/kg/body weight on
two occasions 4 hours apart (35), but this is usually done for
OP insecticide exposure, and not necessarily for the nerv e
agents. In principle, PAM should be continued as long as the
OP compound or its active metabolite is present in the body.

Benzodiazepines. Benzodiazepines (diazepam, lorazepam,
and others) should be used to treat the seizures induced by the
nerve agents. This can be administered IV or through the use
of an autoinjector. Military sources suggest that for patients
manifesting symptoms of se vere toxicity, benzodiazepines
should be administered e ven before seizures are e vident. If
three of the Mark I kits are administered due to se vere symp-
toms in the victim, diazepam should be administered immedi-
ately after completing the administration with the autoinjec-
tor kits. With the e xception of benzodiazepines, phenytoin
and other conventional treatment modalities for seizures are
considered ineffective in this setting (39).
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TABLE 1-5    Recommended Nerve Agent Treatment

TYPE OF EXPOSURE PRESENTATION ANTIDOTAL THERAPY OBSERVATION

Mild vapor (GA, GB, BD) Nasal congestion with mild One Mark I kit or 2 mg atropine, Miosis may not reverse
exposure shortness of breath, miosis 1 g 2PAMCl with treatment

Mild liquid (VX) Localized sweating and One Mark I kit or 2 mg atropine, —
exposure fasciculations 1 g 2PAMCl

Moderate vapor or liquid More severe respiratory distress, One or two Mark I kits or —
exposure muscular weakness 2–4 mg atropine, 1 g 2PAMCl

intravenous drip over 30 min
Severe vapor or liquid Unconscious, possibly seizing or Three Mark I kits or 6 mg May repeat atropine as

exposure flaccid, possibly apneic or atropine and 1 g 2PAMCl needed and 2PAMC1 
severe symptoms initially in 1 h

Soldier Biological and Chemical Command, 2003.

Figure 1–5.  Absorption of atropine administered by autoinjec-
tor device. Heart rate was used to demonstrate the effect of at-
ropine administration given either intravenously, intramuscu-
larly, or by autoinjector. The graph illustrates the effectiveness
of the device. Intravenous administration causes an effect more
rapidly but has a shorter duration of action. (Modified from
Martin TR, Kastor JA, Kershbaum KL, Engelman K. The effects of
atropine administered with standard syringe and self-inductor
device. American Heart Journal, 1980, 99(3): 282-88, and the
Domestic Preparedness Program, Soldier Biological and Chemi-
cal Command (SBCCOM), Hospital Provider Course, DPT 8.0,
2002 with data provided by Frederick R. Sidell, MD.



Treatment of nerve agent casualties should be based on the
initial signs and symptoms and modif ied appropriately when
the actual agent is def ined. If the e xposure was a v olatile
agent, such as sarin or soman, the patients will be sympto-
matic within the first several minutes of exposure to the toxin.
This means that patients who are not symptomatic when they
are evaluated at the hospital are not lik ely to become serious
exposure victims. For the case of the liquid e xposure of VX,
patients may not become symptomatic for up to 18 hours and
therefore should be observ ed for a much longer period of
time. If one does not know to which agent the patient was ex-
posed, it is prudent to carry out a longer observation period in
the ER or ICU. The severity of symptoms determines the
dose of the antidotal therapy (Table 1-5).

THE SPECIAL CASE OF PYRIDOSTIGMINE
PRETREATMENT

The use of atropine and the oximes may be insuf ficient for
protection against the toxic ef fects of GD (soman), even if
they are administered immediately after the agent. Soman
ages extremely rapidly within minutes. As Dunn and Sidell
have emphasized (40), even with training and the ability to
don a mask rapidly , soldiers on a chemical battlef ield may
be at risk for absorbing up to f ive times the lethal dose of
GD during a chemical attack. The protective ratio (40,41) is
the factor by which a treatment raises the lethal dose of a
toxic agent. Currently a vailable antidotes do not raise the
protective ratio sufficiently high in humans to couteract the
lethal effects of soman (GD), although a new oxime anti-
dote, HI-6, shows much promise. A preexposure treatment
with the reversible agent pyridostigmine has been used to
solve this problem with soman. Pretreatment is not effective
against sarin and VX challenge. When used for soman chal-
lenge, it should be followed by atropine and an oxime.

Pyridostigmine is a carbamate compound that binds to
acetylcholinesterase. Like the nerve agents, it causes acetyl-
choline to build up and cholinergic symptoms (DUMBELS)
to occur. The difference is that with carbamate compounds
like pyridostigmine, the binding to the AChE is reversible.
Organophosphates, like the nerve agents, cause irreversible,
permanent binding to the enzyme. F or this reason, pyri-
dostigmine was given to soldiers in the Gulf War of 1991 to
temporarily bind to AChE, and to prevent the attachment of
the much more dangerous nerv e agent. Some contro versy
exists with its use, however. Some authors have partially at-
tributed the symptoms of the “Gulf War Syndrome” to use
of this agent (42).

Pyridostigmine by itself does not provide protection with-
out the use of the antidotes (atropine/oximes). It is an antidote
enhancer rather than a true treatment. It appears to enhance
the efficacy of the antidotes within 1 to 3 hours after taking
the first tablet. Maximal benefit appears to develop with time
and may be reached when a tablet is taken every 8 hours (38).

The U.S. Army provides a pyridostigmine bromide (30
mg) pretreatment set of tablets (21 total) packaged in a blis-
ter pack, to be taken one every 8 hours, enough for 7 days.
One tablet is taken orally with water (38).

TRIAGE OF NERVE AGENT VICTIMS

Methods of triage of nerv e agent victims are usually based
on military experience. An understanding of the principles
involved in nerve agent action can aid considerably in guid-
ing the triage officer at the time of an e xposure incident. A
general approach to the triage of victims of nerv e agent ex-
posure follows (39). Each patient is divided into one of four
groups based on a system agreed upon in advance: immedi-
ate, delayed, minimal, or expectant.

IMMEDIATE

All patients who are symptomatic with more than just mio-
sis are triaged to an “immediate” category and require im-
mediate decontamination and application of antidotes, air-
way control, and other supportive measures. If the patient
has two or more systems in volved (for example miosis and
wheezing), the patient should be considered an “immediate”
and should receive treatment. Rapid treatment should result
in a successful resuscitation for these victims.

DELAYED

Patients who have received an initial treatment in the f ield
or in the triage area of the hospital, and are improving, will
need to be reassessed at a later time. Such patients may be
deferred from the initial group of patients requiring treat-
ment. These patients may still have miotic pupils. Pupil size
alone is not sufficient clinical information to triage patients
who have been exposed to nerve agents properly.

MINIMAL

Patients who are ambulatory and conversant and have no symp-
toms or only miosis will usually require no immediate medical
treatment. They may require counseling and social support,
however. For more efficient care of the sicker patients, these in-
dividuals may be moved to a low acuity environment.

EXPECTANT

Patients who present with apnea greater than 5 minutes in du-
ration, or whose vital signs are not detectible, may be consid-
ered in the “expectant” category and do not receive treatment
in the high-volume multicasualty incident (MCI). This is par-
ticularly true when there are more than just a very small num-
ber of victims.
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TABLE 1-6 Aging

AGENTS AGING HALF-LIFE

Tabun 46 h
Sarin 5.2–12 h
VX 50–60 h
Soman 40 sec to 10 min
Paraxon 2.1–5.4 d
Adapted from Dunn MA, Sidell RF. JAMA. 1989;262:649–52



PLANNING FOR TERRORIST EVENTS
AND FUTURE ANTIDOTAL
CONSIDERATIONS 

Treatment of nerve agent exposure should follow proper de-
contamination of victims. It is essential for institutions to
prepare for large numbers of casualties because e xperience
dictates that most victims will bypass EMS and come di-
rectly to nearby acute care facilities. 

Planning for nerve agent attack will require stocking of
antidotes, including atropine, diazepam, and the oximes. At-
ropine may be obtained as a po wdered form, which may 
be compounded in the hospital pharmac y. The powdered
drug has a much longer shelf life than does the atropine-con-
taining solution. One alternati ve is to ha ve enough atropine
solution on hand for 30 to 40 casualties and to use the po w-
dered form after the initial stock is completed. Compounding
of atropine solution from the powdered form can be initiated
in the pharmacy after the first cases arrive at the hospital.

In the United States, the only oxime widely a vailable is
pralidoxime. The data for pralidoxime with soman are
rather unique. In an e xperiment using rat, monkey, and
human muscle tissue, Clement demonstrated that prali-
doxime is ineffective in the treatment of soman poisoning,
and that survival after oxime administration w as not due to
reactivation of acetylcholinesterase (43). Hence, the agent
most commonly used in the United States would not be use-
ful for treatment of this particular poison. The lethal dose
for soman is approximately 50 mg. One problem with
soman is the e xtremely rapid aging time. Aging occurs in
approximately 2 minutes, making the application of an
agent such as pralidoxime essentially useless.

The bispyridinium oximes offer promise as a treatment
for soman. The structure includes an additional oxime ring:
a nitrogen-substituted benzene ring with a side group. By
combining oximes into lar ger molecules, antidotes that are
effective against nerv e agents ha ve been de veloped. One
such agent is HI-6 (Fig. 1-6). Hamilton investigated the effi-
cacy of the bispyridinium agent HI-6 after gi ving monkeys
five times an LD 50 of soman. Three out of four monk eys
survived using the newer oxime (44). One of the interesting
aspects of this case was the fact that acetylcholinesterase in-
hibition was the same for the monk eys that survi ved and
those that died. Thus, some factor is involved in the efficacy

of the bisp yridinium agent other than acetylcholinesterase
reactivation. Some ha ve suggested that the brain cho-
linesterase makes the difference in survival. However, in a
study involving rat brain homogenate cholinesterase acti v-
ity, essentially no improvement enzyme reactivation could
be found from pralidoxime (45). The mechanisms involved
in oxime antidotal ef ficacy are still to be fully elucidated
(46). There is not a perfect oxime reacti vator that is ef fec-
tive for all agents. However, a combination of oxime agents
would offer a more complete spectrum of protection (47).

SUMMARY

� The volatile agents—tabin (GA), sarin (GB),
and soman (GD)—cause rapid onset of toxicity
after aerosol exposure. 

� For the volatile agents, removal of clothes and
jewelry constitutes essentially complete decont-
amination, but copious irrigation is suggested if
uncertain of the identity of the agent.

� VX is a persistent agent, which may cause ei-
ther immediate or delayed symptoms. 

� Full decontamination with soap and w ater is
necessary for VX. Some authorities suggest irri-
gation for volatile agents also, if time and cir-
cumstances permit.

� Antidotes for the nerve agents include atropine,
oximes (pralidoxime, obidoxime), and di-
azepam.

� Health care f acilities must be prepared to re-
ceive the majority of patients without the bene-
fit of EMS intervention. 
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Figure 1–6.  Oxime acetylcholinesterase reactivators. 2-PAM,
pralidoxime.

QUESTIONS AND ANSWERS

1. Which of the following nerve agents is a persistent
agent (i.e., presents a danger in the environment for a
long time)?

A. Sarin
B. Soman
C. Tabun
D. VX
E. Pyrethroid insecticides

2. Which is not a feature of the cholinergic toxic syn-
drome?

A. Diarrhea
B. Urination
C. Bronchorrhea
D. Dry skin
E. Lacrimation

3. What is the most appropriate and sufficient decontam-
ination measure for a victim of a confirmed vapor
nerve agent exposure?



A. Wash with copious amounts of soap and water
B. Remove all clothing and jewelry
C. Wash with a hypochlorite solution
D. Wash with soap and water and then with a

hypochlorite solution
E. No decontamination is needed

4. What is the endpoint of atropine administration in the
setting of a nerve agent exposure?

A. Pupil size
B. Drying of respiratory secretions and ease of venti-

lation
C. Drying of skin
D. Control of seizures
E. Control of vomiting

ANSWERS
1: D. VX
2: D. Dry skin
3: B. Remove all clothing and jewelry
4: B. Drying of respiratory secretions and ease of ventilation
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Vesicating Agents Including
Mustard and Lewisite
Stacey L. Hail and Daniel C. Keyes

MUSTARDS

Vesicating agents are chemicals named for causing blistering;
they have a long military history. The mustards include mainly
sulfur mustard and nitrogen mustard. Nitrogen mustard will
not be discussed as it has not been stockpiled for military use
and is lar gely used for chemotherapeutic purposes. Sulfur
mustard (2,2-dichloroethyl sulf ide) has been the most com-
monly used mustard compound. 

Known also as mustard, mustard gas, “the king of w ar
gases,” Yperite, H, and HD, sulfur mustard is one of the most
powerful vesicants used as a chemical weapon (1,2). The
chemical warfare agent H is an agent containing 70% sulfur
mustard and 30% sulfur impurities. HD, however, is sulfur
mustard purified by distillation and washing (3).

The term “mustard gas” is a misnomer because the agent is
a liquid at typical en vironmental temperatures. Mustards are
oily, yellow-brown, fat-soluble substances that are heavier than
water. Mustard vapor has been described to smell like mustard,
onion, garlic, or horseradish. Due to its lo w volatility, mustard
concentrates in low-lying trenches and may persist in the envi-
ronment for up to f ive days (3,4). At temperate climates with
little wind, mustard may remain in the en vironment for more
than a week. Ho wever, in areas with temperatures abo ve
37.7°C, the agent may persist for only one day (2) (Table 2-1). 

Sulfur mustard was discovered in 1822 by Belgian scientist
Cesar-Mansuete Despretz (5) , but was not used in battle until
1917 near Ypres, Belgium. That is how mustard earned the
name Yperite. During World War I, mustard was responsible
for as many as 400,000 battlef ield injuries and 8,000 deaths
(4). Interestingly, mustard accounted for 77% of World War I
casualties (4). Thus, casualties from mustard gas were more
numerous than those from any other agent used in World War I
(6). Although several warring nations during World War II
stockpiled sulfur mustard, there is little e vidence that it w as
used in combat. In December 1943, an Allied ship carrying
100 tons of mustard w as attacked by German planes and e x-
ploded near Bari, Italy. This attack caused mustard to dissemi-
nate over a large area producing mysterious ocular and dermal

vesicant effects. This attack resulted in over 600 mustard casu-
alties and numerous respiratory deaths (2,7). More recently ,
Iraqi forces during the Iran-Iraq conflict (1980 to1988) used
mustard causing as many as 3,000 Kurdish deaths (7). Iranian
soldiers were evacuated to Europe where they were treated for
classic mustard poisoning in the Iran-Iraq w ar (1,8). As re-
cently as 1998, three American workers sustained mustard
burns while collecting routine chemical samples from a stor-
age site. All three individuals presented with blisters (9).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Approximately 20% of sulfur mustard is rapidly absorbed
through the skin (7,10). Due to the mustard’ s fat solubility
and its penetration down hair follicles and sweat glands, ab-
sorption occurs within 2 minutes. Twelve to 50% will react
or remain “fixed” with skin components. The remainder will
enter the systemic circulation and be absorbed by other tis-
sues or solid organs. Once the sulfur mustard diffuses across
a cell membrane, cell injury and cell death occurs. Although
the exact mechanisms of sulfur mustard-induced cell death
have yet to be elucidated, there are four proposed theories:
(a) alkylation of deoxyribonucleic acid (DN A), (b) oxida-
tive stress upon cell components, (c) depletion of glu-
tathione, and (d) inflammatory responses (10). 

TABLE 2-1  Mustard Characteristics

• Liquid at normal environmental temperatures
• Boiling point 215° to 217.2°C
• Melting point 14.4°C
• Oily, yellow-brown, fat-soluble
• Heavier than water
• Odor of mustard, onion, garlic, or horseradish
• Low volatility
• Vapor pressure 0.9 mm Hg at 30°C
• Odor threshold <1.3 mg/m3



Alkylation of DNA
An alkylating agent is an agent that replaces a proton on an-
other molecule with an alk yl group (i.e., a simple chain of
carbon atoms). DNA is cross-linked as a result of alkylation.
The mustard alk ylates the DN A, creating DNA strand
breaks. This precipitates an increase in acti vity of various
proteinases that may cause cellular damage and blister for-
mation. DNA cross-linking also greatly inhibits further
DNA synthesis. As DNA synthesis is inhibited, unbalanced
growth of the cell occurs. Unbalanced cell gro wth triggers
apoptosis, or programmed cell death (7,10).

Mustard changes the structure of DNA, cellular membranes
and proteins through alk ylation. After the mustard alk ylates
complementary strands of DN A, the molecules cannot sepa-
rate. Separation of DNA molecules is needed for normal repli-
cation of DNA; therefore cell di vision is disturbed. Mustards
exert their greatest effect on rapidly dividing cells (7).

Oxidative Stress
It is known that numerous biochemical reactions in the body
and environmental sources generate highly reacti ve oxygen
species (ROS) and free radicals that may cause cellular
damage (11). Sulfur mustard is also belie ved to lead to ox-
idative stress upon intracellular molecules. As mustard dif-
fuses across the cell membrane, it enters the aqueous en vi-
ronment of the c ytosol. Within this aqueous media, sulfur
mustard undergoes intramolecular c yclization creating a
highly reactive episulfonium intermediate. This episulfo-
nium ion reacts with functional groups on molecules, espe-
cially sulfhydryl-containing compounds. The episulfonium
ion also reacts with the sulfhydryl groups on enzymes main-
taining calcium homeostasis, thus leading to increased intra-
cellular calcium. Increased cytosolic calcium leads to death
in two ways. First, the calcium disrupts microfilaments that
maintain cell integrity. The loss of cell integrity leads to cell
death. Additionally, calcium induces apoptosis or pro-
grammed cell death (PCD) by acti vating endonucleases,
proteases, and phospholipases (10).

Formation of this highly reacti ve episulfonium interme-
diate is greatly enhanced in an aqueous en vironment. Thus,
moist regions such as mucosal tissues of the eye and respira-
tory tract are very susceptible to mustard injury (1).

Depletion of Glutathione
Another theory of ho w mustard e xposure causes injury is
through depletion of glutathione. Reacti ve oxygen species
(ROS) are normally detoxif ied by glutathione. However, in
the setting of mustard, these ROS are left unchecked to react
with membrane phospholipids forming lipid peroxidases.
Lipid peroxidases cause loss of membrane function, mem-
brane fluidity, and membrane integrity (10).

Inflammatory Response
After exposure to sulfur mustard, cells are stimulated to pro-
duce cytokines in response to the chemical stress. These cy-
tokines are small peptides secreted by white blood cells and
endothelial cells that cause immunologic reactions and fur-
ther tissue damage (10).

SIGNS AND SYMPTOMS 

Potentially, all organs can be affected by mustard exposure.
However, the skin, eye, airway, bone marrow, gastrointesti-
nal, and nervous system are particularly susceptible. One of
the hallmarks of mustard intoxication is that it produces not
only skin and eye effects but also systemic toxicity to inter-
nal organs such as the bone marrow. Clinical manifestations
occur 2 to 48 hours after e xposure, but typically are ob-
served within 4 to 8 hours. The earlier signs and symptoms
manifest, the more severe the exposure (4).

Skin
Skin is an important target for mustard since it contains fre-
quently dividing cells. Eighty percent of mustard applied to
human skin evaporates, with the remaining one-f ifth of the
agent penetrating and causing toxicity (7,10). Since sweat
glands seem to f acilitate mustard’s penetration through the
skin, moist areas including the groin and axillae are particu-
larly affected (12). In f act, scrotal and perianal b urns were
noted in nearly half of American survivors of World War I
mustard gas attacks (2). Acute exposure is not associated
with immediate discomfort or pain since the mustard has a
long latency period (13).

Sulfur mustard produces cutaneous blisters and ery-
thema in humans on areas directly exposed to the agent,
often in areas covered by clothing. Burns may develop from
exposure to the v apor or the liquid. The skin effects from
vapor are dependent upon the ambient temperature and con-
centration. The concentration time ( Ct) needed to produce
erythema is 100 to 400 mg-min/m 3, while onset of burns is
about 200 to 1,000 mg-min/m 3, and severe incapacitating
burns result from 750 to 10,000 mg-min/m 3. Erythema ap-
pears in affected areas within 2 to 4 hours and causes e x-
treme pruritus. As the blisters appear , this itching dimin-
ishes. The blisters do not generally appear for 18 to 24 hours
and contain large volumes of fluid. The fluid in the blister
does not contain acti ve mustard since the mustard com-
pletely reacts with the skin in the first several minutes (12). 

Skin response to sulfur mustards has been described to
have two phases: an immediate phase and a delayed phase.
In the immediate phase, there is injury to the endothelium
of superficial capillaries and venules due to direct damage
to the cell membrane. Vascular leakage and inf iltration
with basophils may occur. The delayed phase is character-
ized by death of basal epidermal cells secondary to DN A
damage, vascular leakage, neutrophilic immigration, and
ulceration (7).

Human skin consists of tw o layers: a superficial layer,
the epidermis, rests upon the dermis. The deepest layer of
the epidermis is the stratum basale, which contains mitoti-
cally active keratinocytes. Between the epidermis and der-
mis is the basement membrane. This basement membrane
is anchored to the k eratinocytes in the epidermis by
hemidesmosomes (Fig. 2-1). Sulfur mustard spares the
basement membrane b ut disrupts the hemidesmosomes.
Thus, a blister forms between the epidermis and the dermis
leaving the basement membrane on the dermal side (12)
(Fig. 2-2). Interestingly , there is racial v ariation in the
severity of v esicant burns. Increased melanin appears to
offer some protection (14). 
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The burn caused by sulfur mustard behaves similarly to ther-
mal burns in terms of depth, but it does not penetrate the skin as
deeply as an acid b urn. The skin ef fects can be classif ied as
mild, moderate, or severe. Mild injuries in volve erythema,
edema, and first-degree burns and occur after exposure to doses
of 50 mg-min/m3 or direct skin application 0.1 to 1.0 µg/cm2

liquid mustard. Moderate injury involves exposure to 1.0 to 2.5
mg/cm2 and leads to severe edema and vesication. Severe injury
occurs after doses of 200 to 1,000 mg-min/m3 or direct skin ap-
plication of more than 2.5 µg/cm2. At these doses, areas of
necrosis are seen with surrounding vesication (2).

Mustard burns take twice the time to heal as thermal
burns since the proliferating cells ha ve been damaged (12).
Experience with mustard gas casualties from the Iran-Iraq
war demonstrated the slo w resolution of these b urns. Five
soldiers with skin b urns were managed with saline baths
twice daily and dressings with silv er sulfadiazine cream
with paraffin gauze. Pain was severe and required opioids.
None required skin grafting, but the healing process took 4
to 6 weeks (15). A characteristic brown pigmentation may

be observed during the healing process and may even persist
afterward (13).

Eye
In World War I and the Iran-Iraq w ar, 80% to 90% of casual-
ties suffered ocular injuries. Injuries ranged from mild con-
junctivitis to moderate and se vere keratoconjunctivitis, which
often lead to corneal damage. A World War I military physi-
cian documented: “12 hours after exposure, the patient’s eyes
were inflamed and lacrimation, blepharospasm, and photo-
phobia were present, … by the end of 24 hours the most dis-
tressing symptom was pain in the eyes, which was very severe.
The patient was virtually blinded, with tears oozing from be-
tween the bulging, edematous eyelids, over his reddened blis-
tered face” (16). 

Mustard reacts rapidly after contact with e ye tissues. In
fact, mustard penetrates the cornea more rapidly than it does
the skin (13). Symptoms, however, may be delayed for several
hours (2,16). The aqueous-mucous surface of the cornea and
conjunctiva facilitates absorption. Additionally, mustard solu-
tion is lipophilic so it concentrates in the oily moiety of the
tears where it interacts with corneal epithelial cells. Because
these corneal epithelial cells have a high turnover rate, they
are some of the most vulnerable cells in the body. Initial symp-
toms include eye pain, photophobia, lacrimation, and blurred
vision. Physical e xamination reveals blepharospasm (spas-
modic winking), periorbital edema, conjunctival injection, and
inflammation of the anterior chamber (9,16). For several days,
the intraocular pressure may be ele vated. Several hours later,
the corneal epithelium be gins to vesicate and slough. Visual
acuity is decreased with w orsening corneal injury . Ocular
damage is classified as mild, moderate, or severe (2,16).

Mild injury occurs at doses of 12 to 70 mg/min/m 3. At
these doses, there is ocular irritation but little lacrimation, ble-
pharospasm, or photophobia. On physical e xamination, there
is mild erythema of the e yelids and conjunctiva. There is no
corneal involvement. Complete recovery is often seen in se v-
eral days (16).

Moderate ocular injuries are seen with doses of 100 to 200
mg/min/m3. Injury in volves the e yelids, conjunctiva, and
corneal epithelium with occasional iritis. Six hours after expo-
sure, the patient complains of e ye pain, eye dryness, photo-
phobia, and possibly blindness. On e xamination, there is
marked edema of the e yelids with blepharospasm. The con-
junctiva is also edematous and congested. The cornea is ede-
matous and fluorescein staining reveals punctate lesions at the
palpebral fissure. There is gradual recovery after 48 hours. The
corneal epithelium regenerates within 4 to 5 days. Complete
symptomatic recovery takes at least 6 weeks (16).

Severe ocular injuries occur at doses higher than 200
mg/min/m3 and involve full-thickness corneal lesions. Symp-
toms include severe ocular pain, blepharospasm, and blurred
vision. On physical examination, the eyelids are swollen, and
there is conjunctival chemosis and loss of blood vessels at the
nasal and temporal limbal areas. The cornea has been de-
scribed to have an “orange peel appearance” and corneal sen-
sation is weak or absent. Other f indings in se vere ocular
injuries are pupillary constriction, iris vasodilatation, hemor-
rhages, and necrosis with de velopment of chemical anterior
uveitis leading to the formation of posterior iridolenticular
synechiae, increased intraocular pressure, and opacification of
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Figure 2–1. Schematic of normal skin. The basement membrane
is located between the epidermis and the dermis. The proliferat-
ing keratinocytes are located at the base of the epidermis. They
are anchored to the basement membrane by hemidesmosomes.
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Figure 2–2. Schematic of skin after exposure to sulfur mustard.
The sulfur mustard is rapidly absorbed. Injury occurs to the ker-
atinocytes, and the hemidesmosomes are disrupted. Thus, a blis-
ter forms between the epidermis and the dermis. The basement
membrane remains attached to the dermis.



the lens. Resolution does not occur for 1 to 2 weeks. In 0.5%
of casualties, delayed ulcerative keratitis leading to blindness
may develop. These effects may be seen in patients up to 40
years after the mustard exposure (16).

Battlefield mustard exposure results in the rapid visual in-
capacitation of large numbers of persons. During the Iran-Iraq
conflict, 90% of individuals with mustard ocular injury were
visually disabled for 10 days with conjunctivitis, photophobia,
and minimal corneal swelling. The conjunctivitis and photo-
sensitivity persisted in man y patients for se veral months.
Ninety percent of patients recovered completely from their oc-
ular injuries (17).

Lungs and Airways
After eye lesions, the greatest acute discomfort produced by
exposure to mustard is from injury to the respiratory system
(13). Respiratory symptoms are also the most common cause
of mortality (9). Pulmonary complications such as edema and
airway obstruction are most responsible for deaths that occur
soon after mustard exposure (4). 

Low-dose inhalation of mustard gas causes chest tight-
ness. Larger exposures result in sneezing, rhinorrhea, nasal
bleeding, sore burning throat, hoarseness, and hacking cough.
Cough may persist for 10 to 48 hours. Early signs of pul-
monary edema, aphonia, and tachypnea may then occur. After
48 hours, bronchopneumonia appears (7). Fibrinous pseudo-
membranes can form, peel off, and lead to further airway ob-
struction (9,10).

In 1985 and 1986, European doctors treated 39 Iranian
soldiers who had been e xposed to mustard gas. The most
commonly reported respiratory ef fect was a se vere cough,
which did not respond to cough suppressants, steam, bron-
chodilators, or corticosteroids. Some patients had a dry cough
while others produced plentiful sputum. Even in the presence
of a normal chest radiograph, low PaO2 was quite common as
was airflow obstruction. Three of these patients required ven-
tilation and two patients died 7 and 14 days after e xposure.
Fiberoptic bronchoscopy revealed marked sloughing of the
tracheal and bronchial mucosa that produced adherent plugs,
which could not be remo ved by suction. In some cases, re-
moval of such tissue plugs with forceps resulted in impro ved
ventilation (18).

Chronically, mustard gas exposure can lead to the develop-
ment of airway hyperreactivity, chronic bronchitis, bronchi-
ectasis, pulmonary fibrosis, and upper airw ay obstruction
(19,20). Long-term effects of mustard on the respiratory tract
were studied in 220 Iran-Iraq w ar victims. These patients
were evaluated 7 to 13 years after their e xposure. At the time
of examination, nearly all the victims complained of cough
and dyspnea. Six victims e xperienced hemoptysis. Four pa-
tients were observed to have respiratory distress. About two-
thirds of the patients had wheezing or coarse rales. Radi-
ographic findings were essentially normal, and spirometry
was found to be the most useful, revealing an obstructive pat-
tern (21). High-resolution computed tomography (HRCT) of
the chest has been shown to be useful in evaluating long-term
sequelae from mustard e xposure. Bronchial wall thickening,
interstitial lung disease, and emphysema were common find-
ings on HRCT (19). Bronchoalveolar lavage fluid in patients
with sulfur mustard-induced asthma or chronic bronchitis had
the same cellular constituents as patients with asthma or

chronic bronchitis from other causes (20). Finally , evidence
suggests that World War I battlefield exposure of mustard gas
resulted in a slightly increased incidence of lung cancer at
least 20 years later (22).

Gastrointestinal Tract
The mucosal membrane of the gastrointestinal tract can be
damaged after mustard e xposure. This may result in nausea,
vomiting, abdominal pain, bloody diarrhea, or dehydration
(23). Nausea, vomiting, and abdominal pain may be seen 4 to
16 hours after mustard exposure. In fact, violent, frequent, and
prolonged vomiting has been reported in four cases of e xperi-
mental mustard b urns in which only the skin w as exposed.
These men were wearing respirators and e xposed to a Ct of
660 mg/min/m3 under tropical conditions (13). 

Blood
Bone marrow suppression results from mustard e xposures
exceeding 1,000 mg/min/m 3. Development of mustard-in-
duced hematological ef fects is a poor prognostic sign (2).
Half of the se verely injured casualties from the Iran-Iraq
conflict experienced leukopenia as a result of bone marro w
suppression. Serious infections may occur , further compli-
cating the management of these patients (9). 

Leukocyte precursors die 3 to 5 days after e xposure. De-
pending upon the se verity of exposure, a leukopenic nadir
occurs from 3 to 14 days. Anemia and thrombocytopenia are
late findings (24).

Gonads 
Various experiments with mice in the 1940s in volved intra-
venous and intraperitoneal injections of mustards into male
mice resulting in the inhibition of spermatogenesis (13,25).
Damage, however, was usually transient as testicular recov-
ery was observed at 2 weeks and mature sperm were seen at
4 weeks after exposure (13,26,27).

Eighty-one patients exposed to sulfur mustard after the
Iran-Iraq conflict were evaluated in terms of their infertility.
Azoospermia (absence of living spermatozoa in semen) and
severe oligospermia were found in 42.5% and 57.5% of pa-
tients, respectively. Testicular biopsy showed atrophy of the
germinal epithelium, intact Sertoli cells, and normal-ap-
pearing Leydig cells. There was an elevated plasma follicle-
stimulating hormone level. Luteinizing hormone and testos-
terone concentrations were normal (28).

Administration of mustards did not seem to ha ve the
same effects on female mice. There were no injurious ef-
fects observed in the o varies, and their reproductive poten-
tial was not altered (13,25). 

Carcinogenicity and Other Long-Term
Effects
The Veteran’s Administration and the Institute of Medicine
released a report January 6, 1993 entitled Veterans at Risk:
The Health Effects of Mustard Gas and Lewisite. The report
cites respiratory cancers (especially nasopharyngeal, laryn-
geal, and lung), skin cancer, pigmentation abnormalities of
the skin, chronic skin ulceration and scar formation, recur-
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rent ulcerative disease of the eye (including opacities), bone
marrow depression (after e xposure but infections left sec-
ondary permanent damage to or gans), psychological disor-
ders, and sexual dysfunction (caused by scarring of the scro-
tum or penis) (29). A 50-year mortality follow-up study was
performed on World War II Navy veterans who experienced
low-level mustard exposure, and the results were compared
to those who had not been exposed. These veterans had vol-
untarily participated in mustard gas chamber tests in Bain-
bridge, Maryland, between 1944 and 1945. They had worn
protective clothing and masks. The levels to which they had
been exposed were sufficient to have caused erythema, vesi-
cles, and ulceration. However, 50 years later, these levels of
exposure were not associated with an y increased risk of
cause-specific mortality (30).

Sulfur mustard was the first chemical with pro ven geno-
toxic effects. After prolonged or repeated exposures, humans
have shown increased risk of cancer (2). There is evidence of
a link between nitrogen mustard and nonlymphoc ytic
leukemia. Currently, evidence suggests a link between non-
lymphocytic leukemia and sulfur mustard exposure (29). 

MEDICAL MANAGEMENT

Currently, there are no antidotes to treat mustard toxicity .
Several agents are under in vestigation. These include an-
tioxidants (vitamin E), antiinflammatory drugs (cortico-
steroids), mustard scavengers (glutathione, N-acetylcys-
teine), and nitric oxide synthase inhibitors ( L-nitroarginine
methyl ester) (24). In animal studies, increased survival and
fewer pathological organ effects were noted after adminis-
tration of sodium thiosulf ate, vitamin E, or dexamethasone
within 15 minutes of e xposure (31). Therefore, some ex-
perts recommend poste xposure treatment with some of
these agents. One regimen recommends intravenous sodium
thiosulfate 500 mg/kg per day for 48 hours, followed by 10
days of oral N-acetylcysteine and vitamin C (4,32). Investi-
gation with an agent kno wn as amifostine has also sho wn
promise. Also known as WR-271, amifostine is a drug used
to prevent the effects of cancer chemotherapy, and it seems
to provide protection against alk ylating agents. It has been
suggested that this agent may be useful if administered pro-
phylactically to avoid mustard toxicity (33). 

Preventing exposure to mustard agents, however, is most
important. Protective equipment and barrier creams are dis-
cussed in the section entitled “Personal Protection. ” Early
decontamination after e xposure is priority . Additionally,
unique management strategies exist for dermal, ocular, and
respiratory problems after exposure to mustards.

Decontamination
Decontamination within 2 minutes of e xposure is the most
pressing and necessary interv ention after dermal e xposure.
Mustard rapidly fixes to tissues, and its effects are then irre-
versible. Early after mustard e xposure, patients typically
lack any signs or symptoms. It is important to remember
that this delay in symptomatology should not delay deconta-
mination (24). 

Sulfur mustard may persist as a liquid on contaminated
skin, clothing, and equipment for hours to days. Thus med-

ical personnel are at risk for skin blistering and other effects
if they come into contact with contaminated victims. First,
all contaminated clothing should be remo ved as quickly as
possible. Thickened mustard agent can be remo ved with a
wooden spatula. The exposed skin should be powdered with
antigas powder containing calcium chloride and magnesium
oxide. Then washing with household bleach (hypochlorite)
diluted to 0.5% is a traditionally recommended military
medical strategy. However, one should not delay early de-
contamination to locate or reconstitute hypochlorite. Soap
and water are lik ely to be suf ficient. Vigorous scrubbing
should be avoided as this may allo w deeper penetration of
the mustard. Mustard is relati vely insoluble in w ater, thus
water alone probably has limited v alue as a decontaminant.
Household products such as flour, talcum powder, salad oil,
Dutch powder, dry tissue paper, and wet tissue paper may be
used, as they are commonly a vailable and can be ef fective
(13). Eyes should be irrigated with w ater for at least 5 min-
utes and must occur within se veral minutes of e xposure to
prevent subsequent damage. Decontamination after se veral
minutes may not pre vent injury to the victim; ho wever, it
does protect emergency care personnel from further contact
exposure (9,17,24).

Skin
Mustard-induced skin lesions often require aggressi ve burn
management. Because these burns heal slowly and are prone
to infection, careful wound care is essential. In the early
stages of mustard toxicity , pain is not a major problem.
However, intense itching is associated with the erythema-
tous stage. This itching is best treated with a benzodiazepine
or chlorpromazine. Once the blister appears, there are two
options for treatment. Experience from World War I sug-
gests that in the early phase, the blister fluid may be aspi-
rated and the epidermal layer allo wed to act as a dressing
until it separates naturally. If the victim is encountered at a
later stage, the blister can be deroofed and dressed with sil-
ver sulfadiazine (12). 

Surgical debridement of blisters and necrotic tissue may
be warranted after a severe exposure (2). If burns cover 20%
to 25% of the body, the patient has potentially been exposed
to a lethal dose of mustard and should be admitted to a criti-
cal care unit (9). Burns should be irrigated se veral times
daily and washed with soap and w ater. Topical antibiotics
are also recommended. Pain may be severe and require opi-
ates. Experience with mustard gas casualties in the Iran-Iraq
war emphasized the ef ficacy of carbamazepine during skin
healing in controlling severe pain not relieved by analgesics
or antihistamines (15). Recently , novel techniques ha ve
been studied to f acilitate healing of deep partial thickness
mustard-induced burns. Such techniques include the use of
enzymatically active dressings to induce debridement, CO2
laser debridement, and dermabrasion; they have been very
effective in animal models (14,34). Finally , overhydration
should be a voided, as fluid losses are generally less than
with thermal burns (24).

Eye
After the eyes are irrigated with w ater for 5 minutes, visual
acuity testing, inspection of the eye, fluorescein staining, and
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slit-lamp examination should be performed. If fluorescein up-
take is noted in the cornea, the eyes should be treated with an
antibiotic, a corticosteroid ointment, and a mydriatic. Petro-
leum jelly may be used to keep the eyelids from sticking. Dark
glasses can be used for the photophobia, but eye padding
should be avoided. In victims with severely inflamed nonnul-
cerated keratitis and hemorrhagic conjuncti vitis, it has been
recommended to use de xamethasone and ascorbate drops
every 3 hours. Ho wever, ocular burns should be managed in
conjunction with an ophthalmologist (2,9,12,17,24).

Respiratory Support
Airway control should always be considered first while manag-
ing a patient exposed to mustard. Endotracheal intubation may
be necessary if dysphonia, stridor, or respiratory distress are
noted. Sloughing epithelium may obstruct smaller endotra-
cheal tubes; therefore, the largest tube that can pass through the
vocal cords should be utilized. A rapidly developing upper air-
way pseudomembrane may require emer gent tracheotomy to
prevent complete obstruction. Bronchoscop y may be required
to assess damage and to remo ve any necrotic debris. Humidi-
fied air, cough suppressants, or the use of mucolytics can help
soothe inhalational injury. Inhaled sympathomimetics and cor-
ticosteroids may help relieve bronchospasm (2,9,24). In an ani-
mal model, N-acetylcysteine (NAC) administered intraperi-
toneally to rats had lower indices of lung injury after e xposure
to mustard. This suggests that N AC may be useful as a treat-
ment compound for mustard-induced lung injury (35).

TRIAGE CONSIDERATIONS

Depending on the severity of exposure, signs and symptoms
after exposure to mustards are typically delayed because the
serious manifestations of toxicity from these agents do not
occur immediately. However, these patients must be ob-
served carefully for the delayed effects of the mustard. Very
few patients will be classif ied as expectant since mustard
use is generally chosen to incapacitate. Victims of a severe
exposure may manifest early respiratory signs and symp-
toms. These victims should be classif ied as immediate due
to potential impending airw ay obstruction. Most impor-
tantly, decontamination is most effective if instituted within
the first several minutes to a void toxicity. Even after that
time, decontamination should still occur , primarily to pro-
tect all personnel who come in contact with the patient.

PERSONAL PROTECTION

Chapter 30 of this book provides a thorough overview of per-
sonal protection against the chemical agents. Pre vention of
secondary mustard contamination is extremely important, par-
ticularly in light of the lack of specif ic antidotes for this class
of agents. Pre vention involves wearing protecti ve garments
and equipment and the use of topical barrier compounds.

Street clothing and battle fatigues provide little skin protec-
tion against the mustard agents, as seen in the World War I ca-
sualties with scrotal, perianal, and auxiliary b urns. Special
military garments such as CPOG (chemical protecti ve over-
garment), BDO (battle dress o vergarment), and MOPP (mis-

sion-oriented protective posture), possess a charcoal layer to
absorb any penetrating mustard. Such garments pro vide 6
hours of protection after e xposure. However, these garments
are not generally a vailable outside the military (2). Ci vilian
first responders and hospital-based emer gency care personnel
involved in direct e xposure or decontamination of victims
should wear level A personal protective equipment (PPE) (24).

Protective clothing and masks pro vide protection; how-
ever, they limit physical agility. Thus, various topical barrier
creams are under investigation. Such a cream is dif ficult to
develop since sulfur mustard is absorbed and fixes to skin so
rapidly. The U.S. Army has developed a cream that contains
perfluoroalkylpolyether (PFAPE) oil and polytetrafluo-
roethylene. The new preparation should be applied in a thin
layer to the skin (0.15 mm). This product and other topical
agents still need to undergo clinical trials prior to validating
their widespread clinical use. Another product, S-330 (a
chloroamide) has also been sho wn to pro vide protection
from sulfur mustard in preliminary studies (10). Other work
has focused on the development of highly reactive nanopar-
ticles of metals and metal oxides that are incorporated into
skin creams. Experiments ha ve shown that prepared MgO
nanoparticles destroyed 50% of the sulfur mustard (36). A
recent study w as conducted to e valuate various commer-
cially available barrier creams against sulfur mustard. In
some cases barrier creams appear to interfere with deconta-
mination. It has been generally concluded that currently
available barrier creams may reduce e xposure to chemical
agents, but they should not replace protective clothing or de-
contamination (37).

LEWISITE

Lewisite (Agent L) is an arsenical v esicant (dichloro[2-
chlorovinyl]arsine). In its pure form, Lewisite is a colorless
and odorless liquid. Ho wever, impurities may gi ve it an
amber or brownish color. It has been described as having an
odor of geraniums. Le wisite is hea vier than mustard and
poorly soluble in water (Table 2-2). Although it is a vesicat-
ing agent, Lewisite also has systemic ef fects, causing pul-
monary edema, diarrhea, restlessness, weakness, low tem-
perature, and low blood pressure. If inhaled in high
concentrations, Lewisite may be fatal in as little as 10 min-
utes (38,39). 
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TABLE 2-2    Lewisite Characteristics

•  Liquid at normal environmental temperatures
•  Boiling point 190°C
•  Freezing point -18°C
•  Oily, colorless liquid
•  Poorly soluble in water
•  Heavier than mustard
•  Odor of geraniums
•  Low volatility
•  Vapor pressure 0.394 mm Hg at 20°C
•  Odor threshold 20 mg-min/m3



European chemists discovered that organic chloroarsines
caused destructive effects on insects and human tissue in the
mid-19th century. German chemists be gan to e xplore and
develop these compounds as chemical weapons. American
chemists developed the most notorious agent among these
warfare agents—2-chlorovinyldichloroarsine—which they
named Lewisite after Captain Lewis, the leader of the scien-
tists’ team. Lewisite has never been used on a lar ge scale;
however, it has been stockpiled in the United States, Russia,
and China. Additionally, Lewisite is easy to produce and has
a rapid onset of action. Thus, Lewisite is considered a po-
tential threat for use as a chemical warfare agent (40).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Lewisite is not only a lethal v esicant but also a systemic poi-
son when absorbed into the bloodstream. In contrast to sulfur
mustard, exposure to Lewisite is quite painful, and the onset
of symptoms occur much more rapidly (40). Lethal exposures
can occur via inhalation, skin or eye contact, or ingestion. 

Inhalation of Lewisite vapor causes immediate burning pain
of the respiratory tract at concentrations of 8 mg-min/m3. At 20
mg-min/m3, the odor can be detected. It is described as the
odor of geraniums. The LCt50 is approximately 1,500 mg-
min/m3. Absorption of Lewisite across the skin occurs within
minutes. Lewisite is faster acting and more toxic via direct skin
contact than mustard. The LD50 of liquid on the skin is about
30 to 50 mg/kg. Thus, 2 ml of liquid Lewisite on the skin can
be fatal to an adult. Additionally, liquid and v apor Lewisite
causes severe eye damage within minutes of contact. Ingestion
of Lewisite is a very uncommon route of exposure. However, it
can lead to local effects and systemic absorption (38).

When absorbed into the bloodstream, Lewisite becomes a
systemic poison. The liver, gallbladder, and bile duct are par-
ticularly susceptible. At very high doses, the kidneys and uri-
nary tract can be af fected. Lewisite acts in a dif ferent manner
than mustard by directly af fecting enzyme systems (3). How-
ever, the exact mechanism by which Lewisite damages cells is
unclear. It inhibits a v ariety of enzymes, including pyruvic
oxidase, alcohol dehydrogenase, succinic oxidase, hexoki-
nase, and succinic dehydrogenase. Lewisite appears to have a
high affinity for these enzymes, which contain thiol groups
(38,40). Immediate death from systemic absorption of
Lewisite has been termed Le wisite shock. It is hypothesized
that loss of blood plasma results from the increased permeabil-
ity of capillaries damaged by the circulating Lewisite (3).

SIGNS AND SYMPTOMS

In order of appearance and se verity of symptoms, Lewisite
acts as a blister agent and a toxic lung irritant, and then it is
absorbed by tissues and becomes a systemic poison.

Skin
Liquid Lewisite produces more rapid, severe lesions of the
skin than liquid mustard. Within 10 to 20 seconds after con-
tact, stinging pain is usually felt. As penetration of the agent
occurs, the pain increases in se verity and then becomes a

deep, aching pain. After contact with the skin, erythema oc-
curs within 15 to 30 minutes. Vesication fully de velops
within 12 to 18 hours and usually e xpands over the entire
area of erythema. Unlike mustard burns, there is deeper in-
jury to connective tissue and muscle, greater vascular dam-
age, and more se vere inflammation. There may e ven be
necrosis of tissue and gangrene (38,39).

Eye
Lewisite vapor and liquid cause pain and blepharospasm on
contact followed by edema of the conjuncti va and the e ye-
lids. The eyes may be sw ollen shut within an hour . Higher
doses may cause corneal damage and iritis. After a fe w
hours, edema of lids subsides and haziness of the cornea de-
velops (38,39).

Lungs and Airways
Conscious casualties will usually rapidly put on a mask
since the vapors of arsenical vesicants are so irritating to the
respiratory tract. Therefore, severe respiratory injuries are
less likely to occur e xcept among those who do not ha ve
masks or those who are too wounded to put one on. Lewisite
produces a burning sensation in the nasal passages and si-
nuses followed by profuse nasal secretion, epistaxis, and
sneezing. Longer e xposure causes coughing producti ve of
frothy mucus, laryngitis, and dyspnea. Pseudomembrane
formation may also occur leading to airw ay obstruction.
Respiratory injury from vapor exposure to Lewisite is simi-
lar to that with mustard; however, pulmonary edema is often
more severe and accompanied by pleural fluid (38,39).

Gastrointestinal Tract
Nausea and vomiting may follow ingestion or inhalation of
Lewisite.

Cardiovascular
Lewisite shock is a condition resulting from high-dose e x-
posure to Lewisite. This is likely from increased capillary
permeability leading to intra vascular fluid loss, hypo-
volemia, and organ congestion. Hepatic necrosis may occur
due to the shock and hypoperfusion. Renal f ailure may be
caused by decreased renal function secondary to hypoten-
sion (38).

Carcinogenicity and Long-Term Effects
The literature is limited regarding potential delayed or latent
effects of Lewisite exposure and there is only anecdotal evi-
dence regarding potential carcinogenicity (3,38).

MEDICAL MANAGEMENT

Decontamination
Unlike mustard agents, Lewisite exposure is characterized
by immediate onset of pain. Therefore, most patients will
immediately seek decontamination and treatment (3). To

22 Section 1 Agents of Terrorism and Medical Management



significantly reduce tissue damage, the eyes and skin must
be decontaminated within 1 or 2 minutes of e xposure. The
eyes should be flushed with water for 5 to 10 minutes. If ex-
posure to the liquid agent is suspected, all clothing and jew-
elry should be removed. The skin should be w ashed imme-
diately with soap and w ater. Alternative forms of
decontamination include 0.5% sodium hypochlorite solu-
tion, flour, talcum powder, or Fuller’s earth (38). 

Antidotes
There is an antidote for Le wisite known as British Anti-
Lewisite (BAL) or dimercaprol. BAL is a chelating agent that
has been sho wn to reduce the systemic ef fects seen after
Lewisite exposure. However, due to potentially toxic side ef-
fects, BAL should only be administered to patients who have
shock or significant pulmonary injury. Chelation therapy
should be initiated in consultation with the re gional poison
center. The standard dosage regimen is 3 to 5 mg/kg intramus-
cularly every 4 hours for four doses. Contraindications include
renal disease, pregnancy (except in life-threatening circum-
stances), and concurrent use of medicinal iron. It has been
suggested that alkalinization of the urine stabilizes the B AL-
arsenic complex and protects the kidne ys during chelation
therapy. Hemodialysis to remo ve the B AL-arsenic complex
may be necessary if acute renal insufficiency develops.

At 3 mg/kg, the most common side effect of BAL is pain at
the injection site. At 5 mg/kg, the effects may include nausea
and vomiting; headache; burning sensation of the lips, mouth,
throat, and eyes; lacrimation; sali vation; rhinorrhea; muscle
aches; burning and tingling extremities; tooth pain; diaphore-
sis; chest pain; anxiety; and agitation (38).

Skin
A patient presenting with a small area of erythema that be gan
12 hours after e xposure is unlikely to progress f arther. Such
patients may be treated with a soothing lotion and an analgesic
and allowed to go home with w arnings. Patients with signifi-
cant erythema with or without blistering should be admitted
for further evaluation. 

Burns may be second or third de gree. In general, it has
been recommended that blisters smaller than 1 cm should re-
main roofed while larger than 1 cm should be unroofed. The
wound should be irrigated tw o to three times a day follo wed
by application of a topical antibiotic. As with mustards, these
skin lesions may tak e weeks to months to heal. Lar ger burns
should be managed in a b urn unit (38). Current in vestigation
has shown promise for treating Le wisite burns with laser de-
bridement. This “lasablation” has been shown to possibly ac-
celerate the rate of healing of burns caused by Lewisite (41).

Eye
Mild conjunctivitis that starts more than 12 hours after ex-
posure is unlik ely to become more se vere. The patient
should undergo a thorough e ye examination, be treated
with a soothing e ye solution, and be advised to return
home with warnings to return if symptoms progress. Con-
junctivitis beginning less than 12 hours after e xposure or
associated with lid edema or inflammation will need inpa-

tient care and observation.
More severe eye injuries should be treated in conjunc-

tion with an ophthalmologist. These patients may require
a topical mydriatic, a topical antibiotic, and Vaseline ap-
plied to the lid edges. Topical steroids within the f irst 24
hours may reduce inflammation, but this is controversial.
Pain may require systemic antibiotics. Dark glasses may
help with photophobia (38). 

Respiratory Support
Patients with mild, nonproductive cough, nasal irritation, or
sore throat that be gan more than 12 hours after e xposure
may use vaporizers, lozenges, or cough drops to ease their
symptoms. Any patient with more se vere effects such as
laryngitis, dyspnea, productive cough, pulmonary edema, or
pseudomembrane formation should under go prompt endo-
tracheal intubation (38). Further care is supportive.

Cardiovascular
Since Lewisite causes systemic capillary leakage, hypov-
olemic shock may occur . These patients require closely
monitored blood pressure, volume, and hepatic and renal
function (38).

TRIAGE CONSIDERATIONS

In the setting of Le wisite exposure, the patient should be
triaged as immediate if they demonstrate lo wer respiratory
signs such as dyspnea or producti ve cough. Delayed patients
are those with impaired vision, moderate-sized skin lesions, or
cough with sputum production. Minimal patients include those
with minor eye lesions with no vision impairment, small skin
lesions, cough, or sore throat. Any patient with dyspnea or
signs of airway necrosis, or skins lesions covering more than
half of the body surf ace area are typically cate gorized as ex-
pectant (38), since survival is very unlikely in these patients.

PERSONAL PROTECTION

Lewisite is readily absorbed by inhalation and by ocular
and dermal contact. Therefore, pressure-demand, self-
contained breathing apparatus (SCBA) is recommended in
situations that in volve Lewisite exposure. Level A PPE
and butyl rubber chemical protecti ve gloves are recom-
mended at all times (38). 
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4. National Response Center
Sole point of federal government contact for reporting
chemical releases. 
Phone: 800-424-8802. 
Web address: http://www.nrc.uscg.mil/index.htm

5. Mayo Clinic
Provides patient-related information on biological and
chemical weapons. 
Web address: http://www.mayoclinic.com

6. Poison Center
Provides information regarding chemical exposures and
provides toxicological consultation for management of
poison-related injuries. Phone: 1-800-222-1222.
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SUMMARY

MUSTARDS

� Produce dermal, ocular, and respiratory effects

� Effects are typically delayed several hours
� Decontamination is only effective if done within 

1-2 minutes
� Decontamination performed later is useful to protect 

personnel who contact the patient
� Systemic toxicity includes bone marrow suppression 

and low white cell counts.
� Burns are slow to heal
� Eye injuries should be treated aggressively to avoid 

permanent sequelae
� Respiratory effects may be severe and require prompt

airway management
� No specific antidote exists

LEWISITE

� Limited combat experience
� Produce dermal, ocular, and respiratory effects
� Effects are immediate
� Decontamination is ideally performed within 1-2

minutes
� Burns are slow to heal
� Eye injuries should be treated aggressively to avoid

permanent sequelae
� Respiratory effects may be severe and require prompt

airway management
� BAL may be an effective antidote for systemic effects

RESOURCES

1. U.S. Soldier Biological and Chemical Command (SBC-
COM), Edgewood Research Development and Engineer-
ing Center
Provides assistance if proper PPE is not available, if res-
cuers have not been trained in its use, or if information
related to local emergency operations is not available.
From 0700–1630 EST, call 410-671-4411 and ask for
staff duty officer. From 1630–0700 EST, call 410-278-
5201 and ask for staff duty officer.

2. Centers for Disease Control and Prevention
Analyzes and identifies agents suspected in biological
and chemical terrorism and warfare. 
Phone: 301-619-2833. Web address: http://www.cdc.gov
or http://www.hopkins-biodefense.org

3. Virtual Naval Hospital
Offers textbook information on the chemical agents. 
Web address: http://www.vnh.org

QUESTIONS AND ANSWERS

1. Which is NOT a characteristic of dermal sulfur 
mustard toxicity?

A. Erythema and blistering of the skin hours after 
exposure

B. Predilection for warm moist areas such as the 
axillae or groin

C. Blistering forms at the epidermal-dermal junction
D. The skin lesions from sulfur mustard heal quickly

with silver sulfadiazine application
E. Mustard reacts with skin constituents within 

2 minutes and is irreversible

2 Sulfur mustard produces toxicity by which of the 
following mechanisms?

A. Alkylation of DNA
B. Oxidative stress upon cell component
C. Depletion of glutathione
D. Increased inflammatory response
E. All of the above

3. What is most important in the treatment of casualties
exposed to sulfur mustard?

A. Rapid administration of Vitamin C and thiosulfate
B. Clothing removal and decontamination within 2

minutes
C. Endotracheal intubation even if they have a minor

cough
D. Prompt ophthalmologic consultation to prevent

permanent blindness
E. Administration of intravenous antibiotics to 

prevent skin infection

4. Concerning Lewisite, which of the following is FALSE?
A. BAL should be administered to patients with skin

lesions, conjunctivitis, and minor cough
B. Lewisite has been described as having the odor of

geraniums
C. Lewisite produces toxicity more rapidly than 

sulfur mustard
D. Lewisite contains arsenic
E. Lewisite may be absorbed systemically and cause

shock

http://www.nrc.uscg.mil/index.htm
http://www.mayoclinic.com
http://www.cdc.gov
http://www.hopkins-biodefense.org
http://www.vnh.org


ANSWERS
1: D. The skin lesions from sulfur mustard heal quickly with 

silver sulfadiazine application
2: E. All of the above
3: B. Clothing removal and decontamination within 2 minutes
4: A. BAL should be administered to patients with skin lesions,

conjunctivitis, and minor cough
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Cyanide
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THEORETICAL AND SCIENTIFIC
BACKGROUND

HISTORY

Cyanide was used as a poison for centuries before the chem-
ical was isolated and identified. Ancient records from Egypt
make reference to poisoning from a natural food source of
cyanide in reports detailing “the penalty of the peach” (1).
The use of c yanide also dates back to the f irst century
where, in Rome, the Emperor Nero supposedly used the
cyanogenic plant cherry laurel to poison opponents. The
Swedish scientist Scheele f irst chemically isolated c yanide
in 1782, and it has been reported that he was the first person
to become a victim of the purif ied chemical four years later
in a laboratory accident (2). Historically, cyanide has been a
relatively uncommon agent of warfare, although it is highly
lethal. Napoleon III suggested its use as a weapon by coat-
ing bayonets in the 1870 Franco-Prussian w ar. The French
military made an unsuccessful attempt at utilizing hydro-
cyanic acid early during World War I but, through continued
experimentation, finally did create the more ef fective
cyanogen chloride. The rate of de velopment of chemical
weapons increased greatly during the follo wing years with
subsequent design and use of additional c yanogens. Most
notoriously, Zyklon B was the form of c yanide reportedly
used in Nazi death camps during World War II. Zyklon B
was hydrocyanic acid adsorbed onto a pharmaceutical base
that was initially developed as a pesticide and rodenticide
(3a). Although cyanide has not frequently been used for mil-
itary purposes, several attempts have been made to utilize it
as a poison and contaminant (Fig. 3-1). As a chemical
weapon, it is not easy to disseminate upon a large number of
people. However, cyanide is both widely a vailable and eas-
ily accessible throughout the w orld, making it very attrac-
tive as a potential terrorist agent (4). It also possesses the
ability to cause signif icant social disruption and public
panic and demands special attention to public health pre-
paredness (i.e., antidote stocking). Although cases of

Figure 3–1.  Timeline illustrating the use of cyanide over the
past 100 years (3a-3k). 

1916 - HCN, cyanogen 
chloride and bromide first 
used by French in WWI (3a)

1937-45 - Japan 
experimented with HCN use 
on Chinese (3a)

1978 - Jim Jones led mass 
suicide (900 deaths) with 
CN laced grape drink in 
Jonestown, Guyana (3b)

1982 - Illicit contamination of 
OTC Tylenol near the 
Chicago area killing 7 (3c, 
3d)

1991- Reports from WA of 
contaminated OTC Sudafed 
resulting in 2 deaths (3f)

1995 - CN found in Tokyo 
subway after sarin nerve 
agent attack (3a)

2002 - Feb: Italian police in 
Rome aborted CN attack on 
the water supply to the 
American Embassy (3i)

2002 - May: A truck carrying 
96 barrels of NaCN was 
hijacked in Mexico; 
uncertain if all barrels were 
recovered (3k)

1941- Zyklon B used by Nazis 
in death camps (3a)

1980s - Purported use of HCN 
by Iraqi military on Kurdish 
civilians (3a)

1989 - Terrorist threat of CN 
in imported fruit from Chile 
(3e)

1993 - World Trade Center 
bombing reports indicate the 
explosive may have been 
contaminated with CN (3g)

2000 - Romanian gold mine 
CN waste pool contaminated 
local area and Tisza river 
reaching the Danube in 
Serbia (3h)

2002 - March: “Dr Chaos” 
charged with amassing 
chemical weapons in the 
Chicago subway system     
(>1 lb CN) (3j)
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cyanide toxicity from industrial sources and poisonings are
currently the most commonly encountered e xposures, the
potential impact of an attack with cyanide warrants prepara-
tion. Health care pro viders should be equipped with the
knowledge and resources necessary to manage a mass casu-
alty incident involving this agent. 

SOURCES

Cyanide is most likely to be used in the volatile, water-solu-
ble, and liquid forms of hydrogen c yanide and c yanogen
chloride (NATO designation AC and CK, respectively). Hy-
drogen cyanide (HCN) may also be referred to as hydro-
cyanic acid, blauseare (German for Berlin blue acid), and
prussic acid (due to its origination from Prussian blue). The
highly reactive salt forms are exploited for numerous indus-
trial applications including chemical synthesis, electroplat-
ing, tanning, metallurgy (especially silver and gold), print-
ing, agriculture, photography, and manufacture of paper and
plastics, as well as fumigants and insecticides. Water-solu-
ble salt forms such as calcium c yanide (CaCN), sodium
cyanide (NaCN), and potassium c yanide (KCN) are most
often utilized. These salts produce HCN gas when mix ed
with strong acid and thus pose a significant risk in industrial
accidents as well as intentional exposures (5,6). The insolu-
ble salt forms, mercury cyanide (HgCN), copper cyanide
(CuCN), gold cyanide (AuCN), and silver cyanide (AgCN),
also can be found in the industrial setting (7). Waste prod-
ucts from mining processes produce v ast amounts of
cyanide complexes including ferrocyanide. These chemicals
are significantly less toxic than their salt counterparts; how-
ever, they do pose a considerable risk to the en vironment
due to accumulation (8). The use of these c yanide waste
products as terrorist agents may be appealing due to their
abundance and relati ve ease of acquisition. In f act, ferro-
cyanide was implicated in the aborted attempt to poison a
water supply in Rome in 2002. 

A noteworthy form of c yanide is the chemical group re-
ferred to as nitriles (R-CN); acetonitrile and propionitrile are
the most frequently encountered forms (9–15). Nitriles are
easily accessible over the counter as acrylic nail and glue re-
movers. These chemicals are also commonly encountered in
industry as solv ents. As parent compounds, nitriles are not
significantly toxic, but slowly release cyanide into the body
as they are metabolized. This occurs via c ytochrome p450
(cyp 450) enzyme 2E1 where the resulting c yanohydrin
metabolite then is con verted into the acti vely toxic cyanide
molecule (16–18). Exposure to these organic cyanides results
in a delay in the onset of signs and symptoms as a latent pe-
riod of several hours passes during transformation and libera-
tion of the toxin. This delay has been implicated in se veral
case reports of missed diagnosis and f atal outcomes and
poses a significant risk to responding personnel who may not
accurately perceive the risk in the situation. 

Structural fires, as a source of c yanide, pose a looming
threat in any disaster situation. HCN gas may be released in
the combustion of many synthetic polymers, such as nylon
and plastics, as well as natural materials including wool and
silk. Any material that contains carbon and nitrogen may re-
lease cyanide during pyrolysis (19). Victims of fire inhala-
tion especially from domestic f ires are at an additional risk

for cyanide toxicity as well as carbon monoxide ef fects
(20). Because cyanide has a considerably limited residential
time in the blood, levels may be decreased signif icantly by
the time the victim arrives to a health care facility. Both car-
bon monoxide and cyanide will cause hypoxic damage and
the effects will be additi ve and possibly syner gistic (21).
Cyanide toxicity may be more contributory to death in some
fire victims than the carbon monoxide itself (22). Early ini-
tiation of empiric treatment and management of probable
cyanide exposure may be w arranted in many cases of f ire
exposures (23–27).

Medically important sources of iatrogenic cyanide toxic-
ity include nitroprusside (Nipride) and Laetrile. Each mole-
cule of nitroprusside can release up to four or f ive CN
groups, and patients may develop toxicity as cyanide accu-
mulates. It is recommended to a void prolonged administra-
tions of high dose nitroprusside (28,29). Laetrile w as used
as a chemotherapeutic medication and is the purif ied form
of the natural c yanide compound, amygdalin. When these
products are ingested, the enzyme beta-glucosidase in the
gastrointestinal tract metabolizes the amygdalin into hydro-
gen cyanide, resulting in toxicity. Many case reports ha ve
been published on the devastating use of Laetrile (30–33). 

Additional sources of c yanide include tobacco smok e
and food sources, although these rarely pose risk as acute
toxicity (34). Smok ers can a verage about 0.17 µg/ml of
cyanide in their blood as compared to 0.06 µg/ml of cyanide
in nonsmokers. Food sources of the c yanogenic glycoside,
amygdalin, include apple seeds and fruit pits from the
Prunus sp. Of these, the bitter almonds and apricot pits con-
tain the highest concentrations. F ood sources rarely cause
toxicity as they must be consumed in lar ge amounts or in
purified forms to accumulate enough c yanide. Dietary sta-
ples such as cassava and lima beans have been implicated in
chronic cyanide poisonings (37). Not only can long-term
exposure to large amounts of these cyanide-containing food
sources result in toxicity , but acute c yanide toxicity can
occur from e xposure to the w astewater from these food-
processing factories (38,39). 

CHEMICAL CHARACTERISTICS

Key features determining the effectiveness of a chemical as a
warfare agent include not only the toxicity of the specif ic
agent but also chemical characteristics such as volatility, per-
sistence, and latency (40–42). Volatility is the tendency of a
liquid to e vaporate and form a v apor or gaseous form.
Cyanide is one of the most v olatile chemical warfare agents
and as a liquid can readily transform into a more potent gas
form. HCN is extremely volatile to such an extent as to limit
its use as an ef fective weapon because it is, in fact, lighter
than air. The HCN gas too readily dissipates and is dif ficult
to deliver in high concentrations unless in an enclosed space.
Cyanogen chloride was specifically formulated to be slightly
heavier than air and pro vide a more persistent weapon. Per-
sistence is inversely related to volatility; a balance is needed
between these chemical characteristics in order to result in
the most effective distribution. Agents with increased persist-
ence are also more likely to remain on site available for con-
tamination, penetrate the skin, and pose the greatest risk for
rescue and medical personnel. Latency is the time delay be-



tween absorption of the agent and onset of symptoms.
Cyanide can cause symptoms within seconds to minutes, or
the presentation may be delayed up to hours depending on
the form. Agents with prolonged latency times not only pose
a risk to exposed victims who may go undiagnosed and un-
treated but also pose an increased risk to responding teams
who may not be aware of the need for decontamination. 

TOXIC DOSE

Cyanide is notorious for its high de gree of lethality. This
potency is a product of its rapid dif fusion into tissues and
irreversible binding to target sites. It is the rapidity of ac-
tion rather than the minuteness of a lethal dose that mak es
cyanide effective as a chemical weapon. The toxic dose of
cyanide is relatively high when compared to other agents
used in chemical w arfare. Because the most lik ely expo-
sure to cyanide is via inhalation rather than the intravenous
route, the lethal dose is expressed in a product of the con-
centration (C) of the agent in the air and exposure time (t).
The amount determined to be lethal to 50% of a population
is signified as the LCt 50. The LCt50 for HCN is 2,500 to
500 mg x min/m 3 and the LCt50 for CK is 1.1g x min/m 3

(43). Cyanide does not produce a constant ef fect of lethal-
ity; exposure to a high dose of cyanide gas even for a very
short period of time will be f atal in comparison to smaller
doses over a longer time. Inhalation of a concentration of
cyanide at 300 mg/m 3 (270 ppm) will result in immediate
death. In contrast, it would take several hours of exposure
to a concentration of 20 mg/m3 (18 ppm) before even mild
symptoms would be seen (44). The form of cyanide signif-
icantly influences the toxic dose. The LD50 for IV CK is 1
mg/kg, and the estimated LD 50 for dermal CK is 100
mg/kg. The lethal dose of an ingested c yanide salt is be-
tween 50 and 200 mg, depending on the specific salt form
(43).

The severity and time to onset of clinical symptoms de-
pend on the amount and mode of e xposure as well as the
type of cyanide. Intravenous and inhalational e xposures to
cyanide produce the most rapid onset of symptoms. Death
can occur within seconds to minutes. Ingestion of c yanide
salts may result in a delayed presentation of toxicity as the
cyanide must first be absorbed. Presentation may be further
delayed after dermal e xposures to intact skin. Exposure to
the gaseous form of c yanide results in immediate toxicity .
Signs of poisoning from e xposure to the salt forms of
cyanide will be delayed to varying degrees depending on the
specific salt. Exposure from the c yanide salts elicits a less
dramatic progression of signs and symptoms. The soluble
salts display a reduced onset to action time as compared to
insoluble salts. One important e xception to this w ould be
the case of mercurial salts of c yanide. The mercury content
in these chemicals is highly caustic and immediately elicits
noxious injury to tissue. Significant cyanide poisoning may
follow, but the clinical presentation is confounded by the
concurrent mercury poisoning. The delay in clinical presen-
tation of toxicity from c yanogens and cyanide compounds
such as the nitriles will be e ven more pronounced. Cyanide
can be transferred into breast milk and therefore can pose a
significant risk to children through secondary transmission
(45).

MECHANISM OF TOXICITY

Sulfane and cyanocobalamin reactions primarily within the
liver metabolize the low levels of cyanide encountered nor-
mally. In the acute poisoning situation, endogenous path-
ways of cyanide metabolism are rapidly o verwhelmed, and
conjugate substrates are depleted allowing for accumulation
and progression of toxic ef fects. Although cyanide inhibits
many additional metabolic processes, the commonly cited
mechanism of toxicity in volves binding of c ytochrome
oxide within the mitochondria (46) (Fig. 3-2). The cyanide
avidly binds to the ferric ion (Fe3+) on the a3 complex. Sub-
sequently, oxygen no longer is able to re-oxidize the re-
duced cytochrome a3, effectively bringing electron trans-
port to a halt. This uncoupling of oxidative phosphorylation
in essence terminates the synthesis pathw ay of adenosine
triphosphate (ATP). The mitochondria e xhibit impaired
oxygen extraction and utilization despite adequate exposure
to the oxygen supply (47). In response to this disruption of
the primary metabolic aerobic pathway, the rate of glycoly-
sis via anaerobic pathways increases. 

The binding to the mitochondrial oxidase system can be
delayed by a few minutes, but early signs of cyanide poison-
ing are seen within seconds. This observation leads to the
theory of additional mechanisms of toxicity . Because
cyanide exists predominantly in the un-ionized form within
the body, it readily diffuses across membranes. Rapid effects
seen after inhalation may be due to the near instantaneous
diffusion across the blood brain barrier . Cyanide appears to
alter neuronal transmission follo wing absorption into the
central nervous system (CNS) possibly through a glutamate
pathway. It also appears to increase vascular resistance early
in poisoning and to increase cerebral blood flo w further po-
tentiating penetration. These additional mechanisms repre-
sent just a few of the potential toxicities and open the door to
experimentation with new therapies (8).

SIGNS AND SYMPTOMS

ACUTE CLINICAL MANIFESTATIONS

Exposure to high concentrations of c yanide can result in
death within seconds to minutes lea ving inadequate oppor-
tunity to recognize toxic symptoms and initiate manage-
ment (34,48). Cyanide is often classified as a blood agent al-
though it manifests primarily as CNS and cardiac toxicity .
In cases of more prolonged onset of toxicity , signs and
symptoms reflect a progressive intracellular hypoxia. Clini-
cal hypoxia with cyanosis in the case of a worsening acido-
sis is a hallmark of cyanide poisoning. Initial symptoms are
nonspecific and transient. The early symptoms of dizziness,
headache, weakness, diaphoresis, dyspnea, and hypernea
may be misinterpreted as anxiety . Without a reasonable
index of suspicion, the diagnosis may be missed (49). The
effects on respiration are thought to be mediated via direct
stimulation of the carotid body and peripheral chemorecep-
tor bodies (8). This immediate stimulation of chemoreceptor
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bodies also mediates a transient rise in blood pressure. HCN
and cyanogen chloride gas may cause mucous membrane ir-
ritation as well. Cyanide is purported to have an odor of bit-
ter almonds, but only around 40% to 60% of the population
have the gene necessary to detect this odor. The presence of
a bitter almond odor is not a reliable sign of c yanide expo-
sure (50,51). Although cyanide historically is associated
with a cherry red flush, the dramatic color alteration is not
always present. Visualization of equally red retinal arteries
and veins can be used as an easy and rapid indicator of
cyanide toxicity. The venous blood supply will have a simi-
lar oxygen concentration as the cells are no longer able to
extract oxygen efficiently (52). As cellular hypoxia worsens,
victims will experience loss of consciousness progressing to
coma with fixed dilated pupils, hemodynamic compromise,
arrhythmias, seizures, apnea, secondary cardiac arrest, and
finally death. Those organs such as the heart and brain with
high oxygen demands are the most sensitive to cyanide poi-
soning. 

LABORATORY ABNORMALITIES

The most prominent laboratory finding in cyanide toxicity is
a metabolic acidosis with dramatically ele vated lactate lev-
els. The shift from aerobic to anaerobic metabolism ulti-
mately results in marked production of lactate as a profound
high anion gap acidosis ensues. Several reports indicate that
lactate levels may be utilized as mark ers of se verity of
cyanide toxicity (24,53). This correlation may be con-
founded by numerous processes in a critically ill patient,
therefore its utility is limited. Later in the course, the meta-

bolic acidosis may be compounded by the addition of a res-
piratory acidosis from worsening apnea. 

In the case of an unknown exposure, check venous blood
gases as well as arterial blood gases to determine if there is
a supranormal venous oxygen content or “arteriolization of
venous blood,” which would strongly indicate cyanide toxi-
city (54–56). The pulse oximetry will remain high as the
blood has good oxygen content; consequently , the problem
will lie in oxygen utilization and e xtraction. Note that once
therapy has been initiated to induce methhemoglobinemia,
the pulse oximetry will in f act depict a higher than actual
oxygen concentration as both entities deflect light at similar
wavelengths (57,58). 

Although cyanide does target cardiac tissue, no promi-
nent electrocardiogram (EKG) changes are noted. The pa-
tient may demonstrate a variety of conduction abnormalities
including junctional rhythms, heart block, atrial fibrilliation,
and premature beats. Case reports ha ve described nonspe-
cific ST-T segment elevation and depression, but this is not
characteristic of cyanide poisoning. As the clinical picture
worsens, the poisoned patient may eventually develop shock
with profound hypotension, bradyarrhythmias, and possibly
noncardiogenic pulmonary edema (49).

Cyanide tests are not readily available and often require a
few days as turnaround time. Cyanide levels should be used
only to verify toxicity; management of the victim should be
based upon inde x of suspicion and clinical presentation.
Levels may not necessarily correlate with clinical manifes-
tations due to frequent, but unavoidable interferences. Red
blood cells have the highest concentration of c yanide, and
whole blood specimens should be collected for analysis.

Figure 3–2.  The binding of the cytochrome oxidase within the mitochondria resulting in abrupt cessation of cellular respiration (1).
Cyanide binds to the iron in the cytochrome a3 complex (2). Oxidative phosphorylation is blocked and oxygen no longer is utilized
(3). Electron transport chain is uncoupled resulting in loss of aerobic metabolism/generation of ATP (4). Nitrites form methemoglobin,
which draws cyanide out of mitochrondria (5). Thiosulfate combines with cyanomethemoglobin and cyanide and is converted to the
less toxic thiocyanate, which is excreted in the kidney.
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Cyanide levels tend to decrease o ver time, and even the
most carefully handled specimens may underestimate true
peak concentrations (59). Note that moderately ele vated
cyanide levels probably indicate a severe toxicity due to the
extreme extent the c yanide molecules adhere to the c y-
tochrome oxidase (47). Reported toxic concentrations of
cyanide range from levels as small as 0.5 µg/ml. A conver-
sion factor of 0.026 should be used when interpreting tradi-
tional units and International System units (µg/mL = µmol/L
x 0.026). Cyanide levels may be misleading and patient care
should be based on clinical presentation.

CHRONIC EXPOSURE

Long-term effects from an acute cyanide exposure can con-
tribute a signif icant morbidity. The effects seem to be re-
lated to and are synon ymous with those ef fects seen from
hypoxia as with carbon monoxide poisoning. Cyanide in-
duces cellular hypoxia leading to oxidati ve stress and lipid
membrane peroxidation (60,61). Long-term manifestation
reports include anoxic encephalopathy , dystonia, and a
parkinson-like syndrome (62–67). Some authors recom-
mend to follow up with magnetic resonance imaging (MRI)
to evaluate the e xtent of damage in those highly oxygen-
dependent areas of the brain most sensitive to cyanide intox-
ication (68). 

Several neurological diseases thought to be due to
chronic cyanide toxicity include tobacco amblyopia, retro-
bulbar neuritis, Leber optic atrophy (a disorder of defec-
tive cyanide metabolism), and Nigerian nutritional ataxic
neuropathy otherwise known as tropical ataxic neuropathy
(TAN) and Konzo (34,47,69,70). Consumption of c yano-
gens from natural food sources rarely produces acute signs
and symptoms, but long-term repeated exposure is associ-
ated with a clinically independent cluster of ailments. Cas-
sava (Manihot sp.) contains a number of antinutritional
agents that are c yanogenic glucosides, the most common
ones being linamaris and lotaustralin. Populations with
limited intake of food sources other than cassa va often
demonstrate TAN/Konzo (71). Controversy exists over the
exact etiology of these chronic syndromes; additional pur-
ported causes include malnourishment and vitamin B12 de-
ficiency (72,73). Clinical manifestations of this disorder
involve mucous membrane lesions as well as neuropathy
of not only peripheral nerv es but also optic, auditory, and
spinal nerve involvement. Reported associated symptoms
from chronic industrial/occupational c yanide exposures
also include thyroid enlar gement, intellectual deteriora-
tion, confusion, and even parkinsonism (74). Chronic e x-
posure from, for example, undetected contamination of an
environmental source such as a well w ater supply could
occur, and treatment recommendations for these situations
have not been established. 

DETECTION AND IDENTIFICATION

The only widely a vailable method of identif ication of
cyanide is measuring a le vel from the poisoned victim or
surrounding environment. Industrial technologies, such as
wastewater tests, vary in specificity and have a limited range
of detected agents. There are significant time limitations to

this process of collecting, handling, transporting, and ana-
lyzing as it is intended to be a background en vironment
quality control type of check rather than an emer gency
measurement. In the early 1970s, a rapid chemical test w as
developed by Lee-Jones, but it w as not widely used (75).
Continued research has been done in an ef fort to develop a
reliable rapid method of detection. There was a microdiffu-
sion spectrophotometric method de veloped in Japan for
analysis of suspected contaminated be verages. These new
tests are not currently appro ved for use and are not easily
accessible (76,77). The military does have several handheld
devices for in vestigation of contaminated areas including
the Chemical Agent Monitor (vapor), M8 Detection Paper
(liquid), and the M256 Detection Kit (v apor and liquid).
Hazmat investigations in the case of an area wide contami-
nation will, of course, include sampling of air , soil, water,
biological sources, other exposed materials, munitions, and
other potential contaminated sources. Results will in vari-
ably be delayed. 

MEDICAL MANAGEMENT

TRIAGE CONSIDERATIONS AND
PERSONAL PROTECTION

Cyanide is e xtremely quick to act, and there is an alarm-
ingly narrow time window of opportunity to initiate treat-
ment before the victim is deemed nonsalv ageable. The ini-
tial step in the management of an acute cyanide poisoning is
to ensure termination of e xposure and containment of con-
taminated environment. Prevention of secondary contami-
nation is paramount throughout all processes. Use of full
chemical protective clothing and a self-contained positi ve
pressure breathing apparatus is recommended for acti vities
within the contaminated area (43). Otherwise, standard per-
sonal protection equipment is warranted. 

DECONTAMINATION

Patients should undergo decontamination appropriate to the
type of exposure. Remove clothing and accessories for in-
halational exposures. Proceed to dermal decontamination
with water for liquid and solid e xposures. A mild detergent
or hypochlorite solution can be used if available. In the case
where there may not ha ve been adequate decontamination
of the victim, it is recommended to utilize double gloves, re-
placing them often, and a mask (42,43,78). Several case re-
ports describe secondary contamination due to of f-gassing
from victims. The cyanide may be exhaled from the effected
individual’s lungs or emanate from heavily soaked clothing,
skin, or toxic vomitus (42). Any ocular exposure should be
treated with a thorough flush with fluids. Tap water or saline
are most commonly used, although the patient may f ind a
flush with Lactated Ringers solution more tolerable. Decon-
tamination of the victim must be performed rapidly .
Cyanide is rapidly absorbed from the gastrointestinal (GI)
tract, and GI decontamination measures may pro ve futile.
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However, some forms of cyanide such as the organic nitriles
may demonstrate prolonged absorption kinetics. If the pa-
tient presented within one hour of an ingestion, it would be
reasonable to consider performing an orogastric lavage in an
attempt to recover any amount of the cyanide. One gram of
activated charcoal only binds to 35 mg of c yanide, but be-
cause only 50 to 200 mg of cyanide is considered lethal, ad-
ministration of charcoal may be adequate as a decontamina-
tion measure (79). Due to the risk of rapid demise, inducing
emesis is contraindicated. Any toxic v omitus or gastric
washings should be isolated as well. 

SUPPORTIVE CARE

Initial stabilization of the victim in volves the standard air-
way, breathing, and circulation assessment triad. Intubate
the patient to protect airway when needed and immediately
obtain intravenous access and institute cardiac monitoring.
These steps are common to an y emergency situation, but
many cases report successful treatment of c yanide poison-
ing with supportive therapy alone (47,80,81). 

Supplemental oxygen is a crucial part of supporti ve care
in cyanide poisoning. Ventilation with 100% oxygen would
of course increase tissue oxygen deli very. It may seem su-
perfluous to employ enhanced oxygen as a therapy seeing as
the mechanism of toxicity of oxygen utilization rather than
availability (82). Even in a case of normal measured pO 2,
oxygen should be utilized because it may enhance antidote
efficacy (83,84). Theoretically, increased oxygen could af-
ford synergistic effect with antidotes. Oxygen may serv e to
increase respiratory e xcretion of c yanide, restore the c y-
tochrome oxidase activity by displacing c yanide, stimulate
activation of other oxidati ve systems (such as those en-
zymes not yet poisoned by c yanide), and perhaps facilitate
the rhodenase enzyme indirectly (85). 

The use of hyperbaric oxygen for cyanide toxicity remains
controversial. The published literature on the topic offers little
corroboration as some investigations find positive effects and
other studies fail to demonstrate correlations with impro ved
clinical status (86–89). The use of hyperbaric oxygen may be
especially warranted in the case of exposure to nitriles due to
the delayed and prolonged production of c yanide (88). Most
literature reports a 3 to 4 hour latent period before the onset of
symptoms, although times as much as 12 hours have been re-
ported. These patients should be monitored for at least 24 to
48 hours after exposure to ensure that ample time has expired
to allow for all cyanide to be released. The Undersea and Hy-
perbaric Medicine Society recommends treating carbon
monoxide-induced hypoxia complicated with c yanide poi-
soning with hyperbaric oxygen (90). 

Additional supportive therapies addressing acidosis, he-
modynamic compromise, and seizures should be emplo yed
as needed throughout the clinical course. Seizures resulting
from cyanide poisoning may be refractory and require ag-
gressive management. Any chemical burn requires aggres-
sive wound treatment and additional guard against oppor-
tunistic infection. Cyanide casualties should not be
excluded as or gan donors because not all or gans are af-
fected, and cyanide levels may f all to undetectable. He-
modialysis has been adv ocated in some cases of c yanide
toxicity and w ould be benef icial especially in the f ace of

worsening acidosis and failing renal function where the con-
centrations of therapeutic agents could accumulate to in-
duce their own additional toxicity (91). 

ANTIDOTE 

Although supportive care is considered foremost in the
management of cyanide toxicity, the antidote should be con-
sidered as part of the “A” in the “ABCs.” Delay in adminis-
tration should be a voided. The cyanide antidote kit should
be used in the adv ent of a suspected or unkno wn exposure
resulting in rapid onset of respiratory and neurological
symptoms (47). The differential diagnosis for acute cyanide
poisoning is relatively small, and administration of the anti-
dote should be administered empirically (T able 3-1). This
antidote was among the emergency antidotes recommended
for stocking (92). The current cyanide antidote kit is no w
supplied from Acorn Inc. It contains three constituents:
amyl nitrite, sodium nitrite, and sodium thiosulf ate. Al-
though other countries ha ve access to alternati ve antidotes,
this combination is the only antidote available in the United
States, and it has pro ven to be adequately benef icial (93,
94).

Nitrites are utilized to induce methemoglobinemia. The
cyanide will preferentially bind to the iron of the methemo-
globin rather than in the mitochondria. It is thought that an
increased amount of cyanide will then transfer to the e xtra-
cellular space and be displaced from the c ytochrome. The
mitochondria can then reacti vate electron transport (93). It
has been proposed that the formation of methemoglobin
may not be the sole mechanism of action of nitrites (95).
Several studies ha ve demonstrated that man y agents with
vasoactive properties, presumably via nitrous oxide, also af-
ford protection against c yanide toxicity (96). They may, in
fact, alleviate toxicity through a v asodilatory mechanism.
Cyanide may be bound and inacti vated by nitrous oxide.
Several other v asodilatory agents, including promethazine
and chlorpromazine, have been proven to have beneficial ef-
fects a well (97). The nitrites are by no means the ideal anti-
dote; they do cause significant adverse side effects, namely va-
sodilatation and hypotension. These side ef fects are quite
problematic and can be compounded by other cardioacti ve
agents such as calcium channel blockers and ethanol or preex-
isting cardiovascular disease. Although methemoglobinemia is
the desired endpoint to therap y, it may exacerbate the condi-
tion of certain patients including those with poor cardiopul-
monary reserve and those with concomitant carbon monoxide
poisoning. It is recommended to a void nitrites in smok e in-
halation victims due to the risk of w orsening the oxygen-
carrying-capacity deficit (98). The antidote for methemoglo-
binemia is methylene blue and will counteract e xcess
methemoglobinemia formation, but it may subsequently re-
lease the cyanide. 

The amyl nitrite is supplied in ampules for rapid access to a
liquid that can be wafted and inhaled. They may be referred to
as “pearls” or “poppers.” These are intended to be a temporiz-
ing measure before IV access is gained. Administer by crush-
ing 1 ampule (pearl) in gauze and placing it under the nose for
inhalation for 30 seconds e very minute. Replace with a ne w
pearl every 3 minutes as the ef fect lasts for about 2 to 3 min-
utes. This initial step is designed to achie ve a methemoglobin



level of about 5%, but it is rather unpredictable. Amyl nitrite is
a pregnancy category X medication and should be omitted in
the case of pregnancy. 

Sodium nitrite is dosed as 10 ml of a 3% solution (300 mg)
IV over at least 5 minutes. Some reports indicate that this dose
can be given over a shorter period of time as long as is toler-
ated. However, the administration rate may need to be slo wed
to avoid severe hypotension. The goal of therapy with sodium
nitrite is to maintain the methemoglobin around 20% to 30%.
An additional half dose may be given if needed. The pediatric
dose is 0.12 to 0.33 ml/kg (max 10 cc) of the 10% solution
given over at least 3 minutes. This dose may also be repeated
if needed. It is also dif ficult to predict methemoglobin le vel
with this agent and signif icant risk of compromised oxygen-
carrying capacity develops when methemoglobin levels reach
40%. Adverse drug reactions may be as minor as headache
and dizziness but can progress to signif icant vasodilation and
orthostatic hypotention, especially with higher does and rapid
infusions. There is specific dosing adjustment in se vere ane-
mia as the risk of methemoglobinemia increases with decreas-
ing baseline oxyhemoglobin concentrations. Sodium nitrite is
in Pregnancy Class C and should only be used when the bene-
fit of treatment outweighs the risk of complications due to ad-
verse drug events. 

The third component of the c yanide antidote kit is sodium
thiosulfate. This agent enhances clearance of c yanide by act-
ing as a sulfur donor . Thiosulfate reversibly combines with
cyanide in the extracellular space to form the minimally toxic
and renally e xcreted thiocyanate. It may also augment mi-
tochronrial sulfurtransferase reactions. The enzyme rhodanase
is the catalyst for the direct con version of c yanide to thio-
cyanate. The reactions between 3-meraptop yruvate sulfur-
transferase, thiosulfate reductase (in the li ver), and cys-
tathionase indirectly convert cyanide to thiocyanate. The body
can detoxify about 0.017 mg of cyanide/kg/min (3). These en-
zymatic routes are highly effective, but they are insufficient for

large amounts of cyanide encountered in poisonings due to de-
pletion of sulfur donors. The effectiveness of sodium thiosul-
fate as an antidote is limited by its delay to onset of action,
short half life, and small volume of distribution. In contrast to
its counterparts, the nitrites, sodium thiosulfate has very few
side effects. The only significant adverse reaction is the rare
hypersensitivity reaction and infusion rate dependent hypoten-
sion. It is to be administered intra venously as 50 ml of a 25%
solution (12.5 g) over 10 minutes. If there is no response in 30
minutes, a half dose may be repeated. The pediatric dose is
1.65 ml/kg of the 25% solution gi ven over 10 minutes. Indi-
viduals with glucose-6-phosphate dehydrogenase (G6PD) de-
ficiency should not receive sodium thiosulfate treatment due to
the risk of hemolysis. Sodium thiofulate is listed as a Pre g-
nancy Class C, but the benefit of treatment usually outweighs
the risk of drug utilization. Chronic e xposure to thiocyanates
does cause toxicity because thioc yanates and cyanide exist in
equilibrium. The effects seen from acute treatment of c yanide
exposure are virtually nonexistent, but they should be kept in
mind. Note that thiosulf ate toxicity may be pronounced in
renal insufficiency, but it is dialyzable (99).

ADDITIONAL CYANIDE ANTAGONISTS

The ideal antidote is one that is quick to act and highly ef fec-
tive with no side ef fects. Hydroxycobalamin is probably the
best antidote used so far (100). Although it is not yet available
as a cyanide antidote in the United States, it has been used as
an antidote in other countries, predominantly France, for over
40 years with reportedly great success. Hydroxycobalamin is
vitamin B12a and acts as a chelating agent to bind c yanide in
equimolar amounts directly forming c yanocobalamin, vita-
min B12 (101,102). This antidote has proven to be highly ef-
fective due to its increased affinity for cyanide as compared to
the cytochrome oxidase moiety . Adverse reactions to this
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TABLE 3-1  Differential Diagnoses for Treating Acute Cyanide Poisoning and Other Poisonous Gases

AGENT DIFFERENTIAL DIAGNOSIS

Hydrogen sulfide Mechanism of toxicity very similar to that of cyanide

Presents with often indistinguishable signs and symptoms

Treat with supportive care, oxygen, and nitrites (no thiosulfate) 

Carbon monoxide Frequent concurrent toxicity especially in fire victims

Azide compounds Metabolized to cyanide and produce toxicity in a delayed fashion 

Methanol Produces similar degree of profound acidosis 

Methemoglobinemia Affects oxygen utilization in a similar fashion 

Isoniazid, theophylline, hemlock, and htrychnine Induce refractory seizures (strychnine does not cause true seizures 
but antagonizes glycine in the spinal cord)

Additional nontoxin etiologies and/or complications Ischemic stroke and encephalitis 

Pediatric patients may not present with an apparent toxidrome

Consider meningitis, encephalitis, and gastroenteritis
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therapy are rare and not se vere and include allergic reactions
(102). The treatment dose is relati vely high due to the lar ge
molar amounts needed to be ef fective. It is dosed as 4 to 5 g
IV in acute e xposures but is virtually nontoxic e ven at high
doses (103). Its utility is only limited by the lar ge dose re-
quired and a relati vely short half life due to light instability
(104). Tachyphylaxis has been reported. This agent is Pre g-
nancy Class A, and the only precaution is a transient (4 to 5
days) reddish discoloration of mucous membranes and urine
(105,106). It is currently only a vailable in the United States
with an investigational license. There may be a syner gistic
protection if the hydroxycobalamin therap y is augmented by
sodium thiosulfate. Cyanocobalamin (vitamin B12) is readily
available but does not afford the same degree of protection in
cyanide toxicity. It lacks a k ey hydroxyl group and is rela-
tively ineffective at trapping c yanide molecules. Treatment
with hydroxycobalamin should not be substituted with
cyanocobalamin (107).

A different methemoglobin inducer , 4-dimethylamin-
ophenol (DMAP), is used as an intramuscular (IM) injection
for rapid treatment of c yanide toxicity by German military
and civilians. It is reported to be highly effective but limited
by problematic adverse drug reactions such as necrosis at
the injection site and the increased potential of causing e x-
cessive methemoglobinemia (108). Other in vestigated
methemoglobin inducers include compounds similar to
DMAP, p-aminopropiophenone (PAPP), p-aminoheptanoyl-
phenone (PAHP), p-aminooctanoylphenone (PAOP), and
hydroxylamine (109). A novel methemoglobin-inducing
agent, stromafree methemoglobin, has been investigated in
a few animal studies and w ould, in essence, bind cyanide
without compromising oxygen-carrying capacity (110). 

Various cobalt salts have been considered as cyanide an-
tagonists, but their therapeutic benef it is limited by their
pronounced toxicity profile. Dicobalt edentate, a cobalt salt
of ethylrnrdiaminetetraacetic acid (EDTA) is available com-
mercially in Europe as K elocyanor. The chelation of
cyanide is thought to form cobaltic yanide (CoCN6), a rela-
tively stable chemical with a lo w toxic profile. Comparison
studies thus f ar have provided conflicting reports on ef fi-
cacy. The innate toxicity of the cobalt salts e ven after reso-
lution of cyanide toxicity limits their use and further experi-
mentation as potential cyanide antidotes. Cobalt salts cause
a myriad of adv erse reactions including hypotension, gas-
trointestional distress, and chest pain. Severe effects of ven-
tricular arrhythmias and respiratory f ailure leading to death
have been reported following their use (111). 

Many agents are being e xplored as prophylactic c yanide
antagonists. Amyl nitrite and sodium nitrite possess much too
potent of side ef fects to be utilized safely as prophylactic
agents (99). Sodium thiosulf ate, although quite safe, acts too
slowly to be of prophylactic benefit. The aminophenol deriva-
tives that induce methemoglobinemia, PAPP, its metabolite,
PAHP, and PAOP have been shown to reduce cyanide within
the red blood cells and their antagonism may be enhanced by
the addition of sodium thiosulfate (112). Other agents that in-
duce methemoglobinemia including the 8-aminoquinoline
analog of primaquine ha ve been studied. Further studies of
these agents as antidotes ha ve been complicated by the f act
that cyanide toxicity changes the pharmacokinetics of the
agent. Cyanohydrin-forming drugs including alpha-k etoglu-
tarate, pyruvate, glyoxal, and other carbon yl related agents

may improve the protection provided by the nitrites. The gly-
oxal trimer seems to elicit the greatest acti vity when compar-
ing the group, but these agents are plagued by similar limita-
tions such as short half li ves and lar ge required doses.
Alpha-ketoglutarate may have a promising future as a prophy-
lactic and/or adjunctive therapy in cyanide toxicity. It is an en-
dogenous scavenger of amino groups throughout the body .
Several animal studies have demonstrated a significant protec-
tive effect especially when used in conjunction with the cur-
rent antidote regimen (113, 114). It has also been investigated
with other potential antidotes, including the sulfur donor
N-acetylcysteine (NAC) (115). The most significant effect was
seen when it w as administered prior to c yanide insult, and it
may even provide significant protection up to 60 minutes be-
fore an exposure. Alpha-ketoglutarate boasts of a limited side-
effect profile, specifically a lack of vasoactive properties. De-
velopment of a form appro ved for human use w ould render
benefit in cases of c yanide toxicity where nitrites are con-
traindicated, such as fire victims, and for emergency personnel
anticipating exposure. This may also serv e as an antidote in
the chronic occupational/environmental exposures. Dihydrox-
yacetone (DHA) administered both IV and orally (PO) has
demonstrated benefit in animal studies. DHA readily , but re-
versibly, binds cyanide and may enhance ATP formation
through glycosis because DHA-p is a component of the gly-
colysis pathway. Preliminary reports indicate that the onset of
benefit after oral dose is about 10 to 15 minutes and it lasts
only 30 minutes. This estimates DHA quicker to onset of ac-
tion than sodium thiosulfate but shorter in duration (116). An-
ticipated synergistic effects are being investigated. 

Because cyanide inhibits numerous enzyme systems,
there are many other potential mechanisms of detoxification
yet to be e xploited. Exogenous administration of enzymes
or subtrates normally in volved in cyanide metabolism and
detoxification may prove beneficial (117). A few investiga-
tions report novel treatments like utilizing carrier erythro-
cytes containing rhodanase and thiosulf ate to re verse
cyanide toxicity (118,119). Future research aims to f ind a
faster acting, more effective, and better tolerated treatment
for cyanide toxicity. 

CONCLUSION

Cyanide poses a threat to society due to its propensity to
be used as a chemical weapon and widespread usage in
industry. Concerns about acute e xposures from a mass
casualty incident may seem foremost in the minds of
health care providers. However, very real risks exist from
chronic exposures in the occupational setting and also
from environmental contamination. Health care f acilities
are urged to acquire supplies of antidote kits in prepara-
tion for a lar ge-scale exposure. As detailed in the April
21, 2000, issue of the Morbidity and Mortality Weekly
Report: “The public health infrastructure must be pre-
pared to prevent illness and injury that would result from
biological and chemical terrorism. Recent threats and use
of biological and chemical agents against ci vilians have
exposed U.S. vulnerability and highlighted the need to
enhance our capacity to detect and control terrorist acts.
The U.S. must be protected from an e xtensive range of
critical biological and chemical agents, including some



that have been developed and stockpiled for military use.
Even without threat of w ar, investment in national de-
fense ensures preparedness and acts as a deterrent against
hostile acts.” (40)

SUMMARY

� Cyanide, widely available, is notorious for its
lethality and use as a chemical weapon, and can
potentially cause signif icant social and public
health disruption.

� Cyanide can be found in a multitude of forms,
but it is most effective as a chemical weapon in
a gaseous state that can be inhaled.

� The hallmark sign of c yanide toxicity is e vi-
dence of cellular hypoxia and acidosis.
Cyanosis may develop later in the course, but it
is not typically an initial finding.

� Treatment is based on inde x of suspicion and
presenting signs and symptoms and consists of
supportive care and the antidote kit (nitrites,
thiosulfate).

QUESTIONS AND ANSWERS

1. Cyanide toxicity causes which of the following pre-
senting signs and symptoms?

A. Anxiety
B. Seizures
C. Arteriolization of venous blood supply
D. Bitter almond-like odor
E. All of the above

2. What laboratory abnormality is a hallmark sign of
cyanide poisoning?

A. Lactic acidosis
B. Cyanosis
C. Prominent EKG changes
D. Elevated cyanide level
E. All of the above

3. How does cyanide cause toxicity?
A. Binding to cytochrome oxidase
B. Uncoupling oxidative phosphorylation
C. Altering neuronal transmission possibly through a

glutamate pathway
D. Increasing vascular resistance cerebral blood flow

potentiating absorption
E. All of the above

4. Which medications are not currently included in the
cyanide antidote kit?

A. Amyl nitrite
B. Sodium thiosulfate
C. Sodium nitrate

D. Sodium nitrite
E. All of the medications are included

ANSWERS
1: E. All of the above
2: A. Lactic acidosis
3: E. All of the above
4: C. Sodium nitrate
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4
Phosgene and Toxic Gases
Melissa L. Givens

NAME AND DESCRIPTION OF AGENT

Toxic gases, also known as choking agents, are the forerun-
ners of modern chemical warfare. Chlorine gas was first de-
ployed during World War I. On April 22, 1915, the Germans
released 150 tons of chlorine gas along the battlefront in
Ypres, Belgium, creating multiple casualties who tax ed
medical resources. The novel use of toxic gas created wide-
spread fear of this ne w chemical weaponry. Subsequently,
battle stress precipitated by this horrif ic threat compounded
the treatment challenges f aced by medical professionals.
Phosgene was also used during World War I, both alone and
mixed with chlorine gas. Phosgene w as the likely culprit in
nearly 80% of poison gas deaths that occurred during the
war (1,2). Use of phosgene on the battlef ield was estimated
to have resulted in 311,000 man-days lost to hospitalization
during the war, the equivalent of 852 man-years (3). This
degree of hospitalization only underscores the potential for
toxic gas exposure to strain hospital resources in the e vent
of a terrorist attack. 

Toxic gas use is not isolated to World War I. The use of
phosgene by Egyptian bombers has been reported in attacks
against the Yemeni royalist forces in the Yemeni civil war
during the 1980s (4). More recently , on April 20, 1995, the
Aum Shrinrikyo (“Supreme Truth”) cult, the same organiza-
tion linked to the sarin release in the Tokyo subway, was im-
plicated in the release of a phosgene-type gas in a train sta-
tion in Yokohama, resulting in the hospitalization of o ver
300 people.

Chlorine and phosgene are produced in lar ge quantities
worldwide and used e xtensively in multiple industries.
Chlorine is commonly used in cleaning products, in water
purification, and as an intermediate in the manuf acturing of
plastics and synthetics. Chlorine is the most common cause
of accidental industrial and household inhalational injury in
the United States, and the release of toxic amounts of chlo-
rine has occurred worldwide more than 200 times since the
early 20th century (5–7).

Phosgene is also used extensively in industry as a chemi-
cal precursor in the production of dyes, pesticides, plastics,
polyurethane, isocyanates, and pharmaceuticals. Phosgene

is also formed by combustion of chlorinated fluorocarbons,
which are found in refrigeration units, and toxicity has been
reported in refrigeration w orkers who were welding refrig-
eration conduits and welders using chlorinated solv ents
(8,9). Over 1 million tons of phosgene are used yearly in the
United States (10). An estimated 5 billion pounds are pro-
duced worldwide (11). Identif ication of phosgene can be
confusing because there are man y other nomenclatures in-
cluding: carbonyl chloride, carbon oxychloride, carbonic
acid chloride, D-Stoff, and green cross (2,12). The military
designation for phosgene is CG. The widespread availability
of phosgene and chlorine mak es them attractive agents of
terror. Both agents are mass-produced and are stored and
transported in large-volume containers that could have dev-
astating effects if vaporized. The ease of attainment and dis-
tribution, coupled with the signif icant strain on medical re-
sources that accompanies injury with these agents mak es
toxic gases potential terrorist agents of warfare. The psycho-
logical harm that can be inflicted with a chemical attack is
only a bonus feature in terms of terrorist potential. 

There are other agents that also may produce toxic injury
to the airways such as smoke and obscurants, including zinc
oxide, phosphorous smokes, sulfur trioxide-chlorosulfonic
acid, and perfluoroisobutylene (a comb ustion product of
Teflon). These agents are less lik ely to be used in a direct
chemical attack. They are very irritating to victims, causing
them to evacuate the smoke cloud quickly, thus limiting ex-
posure. Consequently, these agents are considered less de-
sirable as offensive weapons. The discussion of such agents
is beyond the scope of this chapter . This chapter will focus
mainly on the acute and the delayed injury pattern associ-
ated with phosgene e xposure. Chlorine will be discussed
briefly to highlight the clinical dif ferences that can occur
when dealing with a patient exposed to a toxic gas. 

THEORETICAL AND SCIENTIFIC
BACKGROUND

Toxic gas injury is determined by the chemical properties of
the toxic gas and the conditions in which the e xposure oc-
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curs. Phosgene is a gas at temperatures abo ve 47°F (8°C)
(13). At temperatures below the boiling point, phosgene is a
liquid and has limited toxicity . Chlorine enters the gaseous
state at F ( −34ºC) (13). It is often stored in a compressed
state because of its low boiling point. The ambient heat, hu-
midity, and air currents can all affect the properties of these
gases and the clinical response generated by the exposure. A
drop in ambient pressure may result in an increase of the
toxin in the gaseous state. Strong wind currents can dissi-
pate the gas to nontoxic levels and changes in wind patterns
can result in the gas distrib uting in an unpredictable direc-
tion.

Once an individual is exposed to a toxic gas, the extent of
injury is defined by the e xposure characteristics. Exposure
is defined by duration (t) and intensity or concentration ( C)
where Ct = concentration in mg/m 3 multiplied by time in
minutes. Confounding variables that alter the concentration
over time include respiratory rate, depth of respirations
(minute ventilation), and even body position. Of note, all
can be affected by the sympathetic discharge likely to occur
in the e vent of a terrorist attack. P atients are lik ely to be
breathing rapidly and deeply and may not think to protect
their airway as a first line of defense. Also, one cannot for-
get to consider underlying conditions such as history of hy-
perreactive airways and tobacco use when trying to predict
the clinical outcome of a toxic gas e xposure. The presence
of underlying disease can magnify the clinical response and
can result in severe symptoms at even negligible concentra-
tion exposures.

The effects of toxic gases on the human airw ay depend
on the chemical properties of the gas. The anatomic site of
injury is related to the solubility of the gas in w ater. Gases
that are more water-soluble, such as chlorine, primarily af-
fect upper airways and central airways. Less soluble gases,
like phosgene, penetrate deeper into lungs and affect periph-
eral airways and alveoli. The end result of this deep injury is
damage to the capillary-alveolar wall and leakage of plasma
into the alveoli.

Chlorine (Cl2), discovered in 1774, is a greenish-yellow
gas, with an offensive, pungent odor that fortunately acts as
a warning signal at concentrations belo w lethal exposures
(14). Coughing occurs at 30 parts per million (ppm) and ex-
posures of 40 to 60 ppm for more than 30 minutes may
cause severe damage. Lethality has been reported at e xpo-
sures of 500 ppm for 5 minutes (13). Once chlorine reaches
the respiratory tract, it reacts with water to form hydrochlo-
ric and hypochlorous acids. Hypochlorous acid reacts with
sulfhydryl groups of cysteine, and also causes enzyme inhi-
bition (15). Additionally, chlorine hydrolysis generates free
radicals capable of penetrating cell membranes that can re-
sult in cell injury and death. The formation of hydrochloric
acid is most lik ely to occur in the moist areas of the e yes,
mouth, and upper airways, thus chlorine is much more irri-
tating when compared to phosgene, which undergoes little
hydrolysis. However, the exact mechanisms of chlorine tox-
icity in the respiratory tract cannot entirely be attrib uted to
this formation of hydrochloric acid, and pathogenesis is still
controversial (14).

Phosgene (COCl2), which was first manufactured in
1812 by Sir Humphre y Davey in Great Britain, is a color-
less, volatile gas that is hea vier than air; it has an odor of
freshly mown hay. Toxic exposure occurs belo w the odor

threshold which is 0.4 ppm (16). This is important because
victims may be exposed to dangerous levels without even re-
alizing that they are in danger. Estimated LCt 50 for phos-
gene is 500 to 800 ppm for a 2-minute e xposure (2,17).
Once phosgene is inspired, hydrolysis occurs upon contact
with water resulting in the formation of carbon dioxide and
hydrogen chloride. 

This liberation of hydrogen chloride was once thought to
be the mechanism of injury; however, the amount of hydro-
gen chloride released is miniscule and cannot account for
the pulmonary damage incurred by phosgene exposure (18).
The formation of hydrogen chloride may account for the
small degree of mucous membrane irritation similar to that
seen in chlorine exposure.

Phosgene also reacts with sulfhydryl, amine, and hy-
droxyl groups, which are cellular constituents of biologi-
cal molecules, in a process known as acylation(19). 

Acylation results in protein and lipoid denaturation,
changes in membrane structure, and disruption of en-
zymes (2). Phosgene also disrupts the surf actant layer,
thus impairing mechanical performance that depends on
adequate surface tension for alv eolar gas exchange (20).
Phosgene can under go heterolytic and/or homeolytic
cleavage into a reactive carbamoyl monochloride radical.
This may be responsible for its reactivity with lung tissue
components (21). 

Animal studies of phosgene sho w changes in ener gy
metabolism. Cyclic adenosine triphosphate (cA TP) and
cyclic adenosine monophophate (cAMP) are decreased,
which may result in inadequate ener gy to maintain fluid
homeostasis within the lung (22,23). Decreases in oxygen
uptake and depressed cellular glycolysis are also ob-
served. Phosgene additionally causes disruption of the
glutathione redox cycle (glutathione acts as a natural an-
tioxidant), with subsequent increase in opportunities for
oxidant injury by free radicals (24–26). The oxidant stress
of phosgene is demonstrated by ele vated antioxidant en-
zyme levels for days after acute e xposure (24–27). Phos-
gene exposure has also been shown to cause lipid peroxi-
dation and release of arachidonic acid metabolites to
include sulfidopeptide leukotrienes TC4/LTD4/LTE4.
These leukotrienes are of interest because they are the pri-
mary components of SRS-A. SRS-A is the slo w reacting
substance of anaphylaxis. Leuk otrienes can be tied to
vasoconstriction of bronchial smooth muscle, coronary
vasoconstriction, and increased v ascular permeability.
LTB4 is a neutrophil chemotactic agent and is ele vated in
rats exposed to phosgene, and subsequent neutrophil mi-
gration is noted in conjunction with elevated levels of this
leukotriene. The exact role of these mediators in phos-
gene-induced injury is still unclear, and there are conflict-
ing animal studies in re gards to ho w leukotrienes may

COCl2 +  2R—NH2 ➝  C=O(NH—R)2 + 2HCl
         R—OH ➝  C=O(O—R)2 + 2HCl   

          R—SH ➝   C=O(S—R)2 + 2HCl   

COCl2 + H2O ➝  CO2 + 2HCl



The following is an e xcerpt from Sir Wilmot Herring-
ham’s description of soldiers e xposed to phosgene in the
spring of 1915.

We gradually recognized three classes. a) The sever-
est of all, which were either collapsed from the first
or became collapsed after a day or two. When col-
lapse was present the color was an ashy gray, the
breathing was rapid and shallow, and the pulse was
very small. These cases died rapidly. b) Those which
were severely affected, but were purple in color and
had a full though rapid pulse. Some of these cases be-
came progressively worse and eventually became
collapsed and gray, and then died. Others, if care-
fully treated, recovered. c) Slighter cases which
showed little cyanosis or none, and only had a slight
cough. Postmortem examination showed laryngitis,
enormous edema of lungs, emphysema on edge of
lung, and air under pleura.

Lancet Feb 21, 1920 

Phosgene affects peripheral airw ays with corresponding
symptoms of dyspnea and chest tightness. Chest pain and cough
may also occur. Patients characteristically develop dyspnea 2 to
6 hours after exposure. However, the latency phase may last for
up to 15 hours (2). Shorter latent periods suggest a more toxic
exposure. Objective clinical findings such as decreased arterial
oxygen saturation (PaO2) and pulmonary edema may lag be-
hind subjective symptoms. It is common for the patient to com-
plain of dyspnea after the e xposure, and the provider may be
frustrated by lack of objecti ve findings to explain the patient’s
complaints. Once clinical findings do develop, the patient may
suffer significant clinical deterioration in rapid progression. Pul-
monary edema may be profound. Significant pulmonary edema
may result in hypotension secondary to v olume depletion.
Amazingly, fluid losses from alv eolar capillaries may be as
much as 1 L/h, underscoring the need for aggressive volume re-
suscitation (34). Pulmonary edema that occurs early (less than 4
hours after exposure) signifies a grave prognosis.

Although inhalational injury is the most commonly en-
countered form of toxic gas e xposure, both phosgene and
chlorine can result in injury when splash injury of the liquid
occurs. Compressed gases may cause frostbite when skin con-
tact occurs. Ocular e xposure to liquid phosgene has caused
corneal opacification and perforation in one e xposure. Skin
exposure to phosgene is usually manifested only as local irri-
tation and erythema (35).

MEDICAL MANAGEMENT

PREHOSPITAL

Toxic gas exposures pose significant risk to rescue w orkers
who must enter the scene to extricate patients. Rescue work-
ers entering an area with unknown concentrations of a toxic
gas should wear a self-contained breathing apparatus
(SCBA) with a full face-piece that operates on pressure de-
mand or other positive pressure mode to prevent toxic injury
while engaging in rescue activities (13).
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modulate or incite injury. The inflammatory process may
be the cause of toxin-mediated injury or a response to the
direct toxic effects (28–31). 

In extremely high concentrations (greater than 200 ppm),
phosgene’s effects may no longer be isolated to the lungs.
Phosgene may cross the blood air barrier in the lung and
cause hemolysis and red blood cell hyperaggre gation (32).
This causes pulmonary sludging, which in turn may cause
cor pulmonale and subsequent death (18).

SIGNS AND SYMPTOMS

Toxic gases can produce clinical signs and symptoms in sev-
eral ways. If the gas is released in an enclosed space, the gas
can displace oxygen and result in asphyxia from lack of oxy-
gen. Toxic gases may also cause direct damage to the respi-
ratory tract resulting in airw ay obstruction, interstitial dam-
age, and alveolar-capillary damage, all with impaired oxygen
exchange. Additionally, an allergic response that results in
cellular damage or tissue swelling and possible systemic in-
flammatory damage may be initiated. Each of these sequelae
of toxic gas e xposure can af fect how the patient presents
clinically, and the clinician must be prepared to deal with a
combination of clinical responses to toxic gas e xposure. A
comparison of chlorine and phosgene gas e xposures is seen
in Table 4-1 in the summary section of the chapter.

Chlorine is a highly irritating gas with an unpleasant
odor. Exposure often causes rapid eye pain, blephorospasm,
and lacrimation. The offensive nature of chlorine results in
immediate symptoms after exposure and is often protecti ve
because it signals the patient to depart the area of e xposure.
Other early symptoms that can occur include headache, sali-
vation, oropharyngeal pruritus, dyspnea, cough, hemoptysis,
retrosternal burning, and vomiting (33). Symptoms are usu-
ally temporally related to the e xposure, and delayed symp-
toms are uncommon.

Physical exam may re veal tachypnea, cyanosis, and
tachycardia. Providers should e xclude corneal b urns or
abrasions with a fluoroscein e xam. Oropharyngeal secre-
tions may be profound. Oropharyngeal erythema may sig-
nify more distal injury , and physicians can consider laryn-
goscopy or bronchoscop y to further e valuate the airw ay.
Symptoms of upper airway irritation or pruritus should also
prompt a more thorough oropharyngeal e xam. Endoscopy
should be done in conjunction with preparations for endo-
tracheal intubation in the e vent of airw ay compromise.
Laryngospasm may occur with a high dose e xposure, and
one should look for stridor, hoarseness, and aphonia as har-
bingers of impending upper airw ay obstruction. Often
laryngospasm occurs at the time of e xposure so emergency
responders need to be prepared to pro vide emergent airway
control. Highly toxic exposures may result in bronchospasm
or pulmonary edema with wheezes and rhonchi heard on
exam.

Phosgene is a f ar more subversive agent than chlorine.
Initially, irritation to the e yes or respiratory system may
occur, but often the patient has no early signs or symptoms
related to the exposure. Toxicity occurs below the odor and
irritant threshold, so the patient may ha ve no warning trig-
gers to exit the exposure area.
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Prehospital providers should remo ve the patients from
the exposure area before engaging in medical interventions.
Simple decontamination can be done with soap and w ater.
Patients with eye exposure should undergo copious irriga-
tion with water or normal saline. The first priority after re-
moving the toxin is to evaluate airway patency and establish
airway control. As noted earlier, laryngospasm may occur at
high gas concentrations, and significant edema may result in
airway compromise necessitating early endotracheal intuba-
tion or even surgical cricothyroidotomy. Meticulous control
of airway secretions may be necessary in the case of upper
airway irritants such as chlorine. F ortunately, patients often
do very well once they are removed from the reaches of the
toxic gas. Supplemental oxygen can be gi ven to all patients
exposed to toxic gases. Beta-agonist therap y may be re-
quired in the event of bronchospasm.

Once airway control has been established, rescue person-
nel can pro vide supportive therapy with intra venous (IV)
fluids. Fluids should be administered in the setting of v ol-
ume depletion, but empiric fluid boluses by f ield personnel
are not indicated. P atients with toxic gas e xposure should
also be kept at rest. One of the most striking historical fea-
tures of phosgene poisoning is the clinical decline described
in patients who undertak e physical acti vity. Herringham
wrote about his World War I experience: “We rapidly learnt
also that exertion, sometimes even slight exertion, made the
patients worse. Men who had been comfortable while lying
became rapidly worse and sometimes died suddenly if the y
walked or sat about ” (36). We already know that physical
exertion can stress the body and unco ver subclincial com-
promise that is not ob vious at rest. In the case of phosgene
poisoning, there is ongoing pulmonary damage e ven when
the patient is asymptomatic that may be re vealed with even
the slightest increase in oxygen requirement. Furthermore,
there is concern that physical acti vity may further e xacer-
bate the lung injury causing a deterioration that might not
have occurred if the patient had stayed at rest. Phosgene has
not been thoroughly studied, but the literature suggests that
moderate exercise shortly after exposure does not affect sur-
vival; however, strenuous exercise postexposure or e ven
slight exercise after the onset of pulmonary edema can be
deleterious (37). Cautious management w ould be to keep
patients with expected phosgene exposure at rest during ob-
servation even when they are asymptomatic and show no
clinical signs of pulmonary damage. The damage may be
brewing in their lungs, and exertion may only serve to accel-
erate or w orsen the consequences of the e xposure. In the
setting of a bioterrorist attack, it may be difficult to contain
these asymptomatic patients. Once the y have entered into
the medical system, they need to be observ ed and discour-
aged against premature elopement. This may prove difficult
if they are worried about their homes and lo ved ones who
may have suffered in an attack.

HOSPITAL

Upon arrival at the hospital or treatment area, the patient’s
airway should be reassessed to ensure patenc y. The patient
should be intubated immediately if there is stridor or other
findings that suggest upper airway obstruction or respiratory
distress. Place the patient on a monitor and pro vide supple-

mental oxygen to maintain adequate oxygen saturation
(PaO2 greater than 60 mmHg). The patient should be kept at
bed rest. Vital signs and lung exam should be repeated every
30 minutes to detect early changes. 

Laboratory values are of little diagnostic utility in the pa-
tient exposed to toxic gas. Lactate dehydrogenase (LDH)
has been shown to elevate in animal studies, but case reports
in humans have been inconsistent, and it cannot be consid-
ered a reliable indicator of e xposure or injury (38). Arterial
blood gases (ABGs) are important when follo wing oxy-
genation, but a normal PaO2 early in the course of phosgene
exposure is not reassuring. It may take several hours for hy-
poxemia to develop. A normal ABG upon patient presenta-
tion may falsely reassure the clinician, and care should be
taken not to dismiss patients with possible e xposure prema-
turely. It is important to recognize that the PCO2 may be el-
evated in patients with reactive airways and bronchospasm.
Patients with findings of hypercarbia or wheezing are good
candidates for bronchodilators and steroids.

The same precaution in interpreting early ABGs also ap-
plies when interpreting a chest x-ray (CXR) done on arri val
of a patient with suspected toxic gas e xposure. The initial
CXR may be normal, and the patient may go on to de velop
profound pulmonary edema only a fe w hours later . Fortu-
nately, the CXR can often detect pulmonary edema sooner
than the clinical e xam. There are f indings other than pul-
monary edema on CXR that the physician can use when
evaluating a patient with a toxic gas e xposure. Atelectasis is
a more common f inding in exposures that affect the upper
airways (chlorine). Hyperinflation signif ies air trapping due
to injury to smaller peripheral airways, which can occur with
phosgene exposure. Damage to the alv eolar-capillary mem-
branes may result in the characteristic “batwing” appearance
of pulmonary edema, but one should w atch for more subtle
findings such as blurred enlar gement of the hila and patchi-
ness in the central lungs (2). A baseline CXR can be useful
for comparison, and subtle changes may be indicators of im-
pending pulmonary edema (Fig. 4-3). The time of onset of
radiographic findings is inversely proportional to the inhaled
phosgene dose—patients with higher doses become sick er
earlier. Radiographic findings may appear as early as to 1 to
2 hours in moderate to high exposures but may be delayed in
lower dose exposures. If the CXR is normal at 8 hours, it is
unlikely the patient will develop pulmonary edema (38).

Management of pulmonary edema parallels that of adult
respiratory distress syndrome (ARDS). ARDS is also a v as-
cular permeability-based pathologic process that in volves
cellular damage and inflammatory mediators and is dissimi-
lar to volume overload pulmonary edema such as congestive
heart failure. There is little use for diuretics when dealing
with pulmonary edema that is not a result of v olume over-
load. Patients with toxic gas injury are often intra vascularly
volume depleted as the fluid shifts from the v ascular to lung
compartments. Diuresis will only serve to worsen volume de-
pletion early on in the setting of fluid shifts secondary to a
damaged capillary-alveolar membrane. It is more lik ely that
the patient will require mechanical v entilatory support for
adequate oxygenation. Positi ve end-expiratory pressure
(PEEP) may be necessary to maintain P aO2 over 60 mmHg.
It is essential to ensure intra vascular volume replacement in
the setting of PEEP as PEEP may decrease preload and re-
sult in subsequent hypotension.



Toxic gases may cause transient cardiac arrhythmias that
are usually self-limited once the patient is removed from the
toxic environment and receives supplemental oxygen (12).
Cardiac dysrhythmias that occur after toxic gas exposure can
be treated with standard Advanced Cardiac Life Support
(ACLS) protocols with extra attention given to ensure the pa-
tient is adequately oxygenating. 

Symptoms of bronchospasm and obstructi ve airway dis-
ease manifested by wheezing and increased PCO 2 should be
aggressively treated with beta-agonists. There is little data to
support the use of steroids for all toxic gas e xposures. How-
ever, patients with airw ay hyperreactivity may benef it from
steroids in conjunction with beta-agonist therap y. Empiric
steroid therapy for chlorine- and phosgene-exposed patients is
controversial. Animal studies in swine sho w decreased sever-
ity of symptoms when inhaled steroids were gi ven shortly
after chlorine exposure. This suggests some benefit can be ob-
tained even in patients without reacti ve airways (39). Animal

studies examining the utility of steroids in phosgene e xposure
show decreased lung edema and decreased mortality
(28,40,41). There is no human data supporting these animal
studies, but some sources do recommend either IV or inhaled
steroids (42,43). Further studies need to be done to clarify the
role of steroids in toxic gas e xposure. Nebulized bicarbonate
has also been used to theoretically neutralize the hydrochloric
acid in the respiratory tract after chlorine e xposure, but the
studies are limited, and further exploration needs to be done
before it can be considered first-line therapy (44,45).

Exposures to both chlorine and phosgene may cause fever,
elevated white blood cell counts, and infiltrates on CXR in
the first 3 to 4 days postexposure. These findings do not reli-
ably indicate bacterial infection; therefore, antibiotics should
not be given routinely in this period. Prophylactic antibiotics
may only serve to select for more virulent organisms. Sputum
cultures may aid in determining the need for antimicrobial
therapy. Pathogen identification along with sensitivity analy-
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Figure 4–3. Series of chest radiographs after an acute phosgene exposure. A: Normal chest x-ray 1 year prior to exposure. B: 6 h after
phosgene exposure (blurring of hila and slight enlargement of pulmonary vessels, ill-defined patchiness in central lung regions). C: 10
h after exposure (overt pulmonary edema). D: 5 days after exposure with complete resolution and a normal x-ray. Radiographs are
courtesy of Jonathon Borak and Werner Diller (deceased).
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sis can help appropriately guide antibiotic choice (12). The
CXR should show improvement 3 to 5 days postexposure, so
a worsening CXR suggests a superinfection, and antibiotic
use is warranted along with surveillance for viral organisms.

Many other treatment modalities for phosgene exposure are
currently under investigation. They are described as prophylac-
tic treatment because they are most effective when given after
exposure but before clinical signs or symptoms de velop. Ani-
mal studies showed reduced pulmonary edema formation after
phosgene exposure in those animals treated with medications
that cause increased cAMP such as aminophylline, B-adreneric
agents, or cAMP analogs (dib utyryl adenosine 3 ’5’cyclic
monophosphate, DbcAMP) (29). DbcAMP may also act as an
antioxidant and retain reduced glutathione. Aminophylline may
act as a phosphodiesterase inhibitor . The animals in the com-
bined study of aminophylline, beta-adrenergic agents, and Db-
cAMP received medications within 10 minutes after e xposure
so further studies need to be done to determine ef ficacy of this
type of intervention in a more realistic clinical timeframe. A
separate study of aminophylline w as conducted at 80 to 90
minutes postexposure. Decreased lung weight, increased re-
duced glutathione, and phosphodiesterase inhibition w as ob-
served in the treatment group (24). Isoproterenol, which ele-
vates intracellular cAMP w as studied 50 to 60 minutes
postexposure and sho wed some benef it in terms of reduced
vascular pressure, decreased leukotriene-mediated vascular
permeability, and a favorable redox state in lung tissue when
given both IV and via the intratracheal route (46).

Ibuprofen has been studied as both pre- and postexposure
treatment for phosgene e xposure and showed some benefit
in reducing pulmonary edema in rats. Ib uprofen may act as
a free radical sca venger and inhibit arachidonic acid
metabolites (47). Ib uprofen is relati vely safe and readily
available making it a promising medication; its role in toxic
gas exposure deserves further investigation. 

N-acetylcysteine (NAC) has also been studied as a glu-
tathione source to protect against the proposed free radical
toxicity of phosgene. Rabbits gi ven NAC via intratracheal
bolus at 45- and 60-minutes post-phosgene-e xposure
showed less pulmonary edema, reduced lipid peroxidation,
and decreased leukotriene production than controls (26). We
can look toward the future for further delineation of the role
of these mediators in toxic lung injury. 

Once patients recover from toxic gas injury , they should
be counseled regarding the anticipated symptoms that occur
after recovery from toxic gas-induced acute pulmonary
edema. Symptoms related to chlorine e xposure typically re-
solve in 1 week to 1 month. Ho wever, prolonged symptoms
and abnormal pulmonary function testing ha ve been de-
scribed (48,49). Patients with airway obstruction after expo-
sure are more likely to have more chronic effects than simi-
larly exposed patients with only complaints of dyspnea (50).
Long-term effects of phosgene exposure have been described
to include persistent exertional dyspnea and decreased physi-
cal fitness. It may tak e many years for complete reco very
after exposure. A few patients may develop chronic bronchi-
tis, emphysema, or generalized airway hyperreactivity (51).
Chronic effects appear to be more common in patients who
are smokers or have underlying pulmonary disease, and dete-
rioration postexposure may occur. This underscores the need
for close follo w-up and pulmonary function testing in pa-
tients who continue to e xperience symptoms after reco very
from the acute pulmonary edema.

TRIAGE CONSIDERATIONS

Patients exposed to toxic gases who display an y respiratory
symptoms should be triaged into an immediate cate gory to
obtain rapid airway control. Once airway control has been es-
tablished and the patient is stable, the patient can be retriaged
to a less urgent category. If patients present early, with few or
no symptoms, they can be triaged into delayed cate gory but
should be watched carefully for signs of respiratory compro-
mise. Patients should not be released from observation until at
least 8 hours have passed since exposure and the patient has a
clear CXR. Do not dismiss dyspnea in the face of few clinical
findings as late sequelae may de velop. Patients who present
within a few hours after phosgene exposure may require more
urgent triage as respiratory demise may occur rapidly.

PERSONAL PROTECTION

Rescue workers entering an area withunkno wn concentra-
tions of phosgene or chlorine should wear an SCB A with a
full face-piece that operates on pressure demand or other
positive pressure mode to prevent toxic injury while engag-
ing in rescue activities (13).

There is little chance of secondary e xposure unless skin
is contaminated with liquid phosgene. Because of phos-
gene’s chemical properties, this can only occur belo w tem-
peratures of 47°F (8°C). If liquid phosgene is present it can
cause damage by direct contact or off-gassing.

SUMMARY

CHLORINE PHOSGENE

Pungent odor Odor of freshly mown hay

Highly irritating to Little irritation to mucous
mucous membranes membranes

Immediate symptoms Delayed symptoms

Pulmonary edema Pulmonary edema

Supportive treatment Supportive treatment

Consider bronchodilators Consider bronchodilators

Consider steroids Consider steroids

No need for prophylactic No need for prophylactic
antibiotics antibiotics

Unlikely chronic sequelae Potential for prolonged
symptoms after recovery

TABLE 4-1 Key Features of Chlorine and Phosgene



RESOURCES

1. Centers for Disease Control and Prevention
http://www.bt.cdc.gov/agent/phosgene/index.asp

2. National Library of Medicine and National Institute of
Health Medlineplus
http://www.nlm.nih.gov/medlineplus/
biodefenseandbioterrorism.html

3. World Health Organization
http://www.who.int

4. National Institute for Occupational Safety and Health
http://www.cdc.gov/niosh/homepage.html

5. Agency for Toxic Substances and Disease Registry
http://www.atsdr.cdc.gov/atsdrhome.html

QUESTIONS AND ANSWERS

Scenario #1
A 24-year-old male presents to the emer gency department
complaining of dyspnea for the past hour. He reports he was
at an outdoor rally that was dispersed after an explosion. He
recalls a musty odor that w as present. He left the rally 3
hours prior to arrival in the ED.

1. Which of the following studies would be most useful in
the early management of this patient?

A. Complete blood count
B. Serum LDH
C. Chest x-ray
D. EKG
E. Serum electrolytes

2. The patient in scenario #1 develops clinical signs of
pulmonary edema and airway hyperreactivity. Which of
the following treatment modalities is least appropriate?

A. Supplemental oxygen
B. Positive pressure ventilation
C. Bronchodilators
D. Corticosteroids
E. Diuretics

3. The patient in scenario #1 should be kept at bed rest
with minimal exertion. True or false?

A. True
B. False

Scenario #2
A 43-year-old female is brought by EMS from her home.
The patient lives near a railroad track and witnessed an explo-
sion of a tanker on the tracks. At the time of EMS arrival, she
had increased oral secretions and w as mildly hypoxic with a
SpO2 of 86% on room air. She has improved during transport
and is able to recall a pungent odor after the accident. She now
has slight wheezes on exam and oropharyngeal erythema.

4. Which of the following agents is the most likely cause
of this patient’s symptoms?

A. Carbon monoxide
B. Chlorine
C. Phosgene
D. Organophosphate
E. Cyanide

5. Four hours after arrival in the ED, the patient in sce-
nario #2 develops a fever of 101°F. Her white blood
count is 16,000 and her chest x-ray shows infiltrates. She
still has slight wheezes on exam. Which of the following
treatment is least likely to improve her symptoms?

A. Broad spectrum antibiotics
B. Systemic corticosteroids
C. Supplemental oxygen
D. Inhaled corticosteroids
E. Inhaled beta-agonist

6. Both chlorine and phosgene have a detectable odor or
irritation at nontoxic concentrations. True or false?

A. True
B. False 

ANSWERS
1: C. A chest x-ray would be most helpful in a case such as this

with possible phosgene exposure.
2: E. Diuretics may worsen volume depletion and are not indi-

cated.  The use of corticosteroids is controversial.
3: A. A. True, exertion may worsen pulmonary symptoms from

phosgene exposure.
4: B. Chlorine is the likely culprit given early symptoms with

mixed upper and lower airway symptoms.
5: A. The early fever and elevated white blood count are likely

directly due to the toxic gas exposure and not infection.
Antibiotics are unlikely to provide any benefit.

6: B. False, phosgene may not be detectable at toxic levels.
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5
Incapacitating Agents: BZ, Calmative
Agents, and Riot Control Agents
Yedidia Bentur and John Gomez

3-QUINUCLIDINYL BENZILATE OR BZ

NAME AND DESCRIPTION OF AGENT

3-Quinuclidinyl benzilate, code named by the Army and
widely known as BZ (or QNB), is a potent centrally acting
glycolic acid ester anti-cholinergic. It has effects very similar
to atropine, but it is much more potent in the central nervous
system (CNS) and has a v ery long duration of action. It is
primarily dispersed by aerosol or smok e-producing muni-
tions, and the route of exposure is primarily respiratory. The
British reportedly have a similar agent, known only as Agent
15. BZ was first tested commercially as a gastrointestinal an-
tispasmodic, but when the extreme CNS effects were noted,
civilian therapeutic research was abandoned. The U.S. Army
conducted experiments from the 1960s to the 1980s with
various anticholinergics and found BZ to be the most ef fec-
tive (1–3) The ICt50 (airborne concentration of BZ neces-
sary to incapacitate 50% of exposed and unprotected individ-
uals through inhalation during a set time period) is
approximately 100 mg·min/m3 (Figs. 5-1 and 5-2).

THEORETICAL AND SCIENTIFIC
BACKGROUND

The use of incapacitating agents is not limited to the 20 th

century. Instances of biologic and chemical w arfare have
been recorded in ancient times. Various alkaloid anticholin-
ergics were used as early as 200 B.C. The infamous Roman
enemy and Carthaginian General Hannibal used mandrak e
root to intoxicate or “incapacitate” rebel African tribes (3–5).
A well-reported use of a belladonna (atropine-lik e) alkaloid
was by the Bishop of Muenster who in 1672 used projectiles
and grenades containing belladonna during his attack on the
city of Groningen. Shortly after this occurrence in 1675, the
French and Germans signed the first known treaty outlawing
the use of chemical weapons (1,3,6). 

The first recorded use of an incapacitating anti-choliner-
gic substance in the 20 th century occurred in 1908 when a
French unit in present-day Vietnam were poisoned with
Datura placed in their evening meal. Several of the soldiers
exhibited classic signs of anti-choliner gic delirium but re-
covered uneventfully (3,6). The former national Yugoslavian
army was known to ha ve weaponized and stockpiled BZ.
There has been speculation that BZ w as used during the
conflict in Bosnia. In July of 1995, a contingent of a group
of 15,000 people attempting to w alk to Srebrenica report-Figure 5–1. 3-Quinuclidinyl benzilate 

Figure 5–2. Atropine



edly suffered from hallucinations after an attack from Ser-
bian forces using an unknown gas (7). There are also allega-
tions that Serbian forces used BZ against Kosovo Liberation
Army forces near the Albanian border. Iraq is suspected to
have developed an agent similar or identical to BZ.

An incapacitating agent may be defined as a chemical that
is temporary in its duration, is nonlethal, and has no perma-
nent sequelae. From a military standpoint, an ideal incapaci-
tating agent w ould be odorless, colorless, easily dispersed,
and last a few hours to days, but longer than a few minutes as
seen with the riot control agents. This substance should in-
hibit the cognitive functions of an enemy, keeping them from
performing their task, and be easily dispersible, but still have
a large margin of safety. It should be potent, and have an ef-
fective antidote kno wn only to the user . Numerous agents
were studied by the U.S. Army for this purpose, including at-
ropine, scopolamine, lysergic acid diethylamide (LSD), phe-
nothiazines, and delta-9 tetrahydrocannibinol (THC) (2). BZ
offers several advantages over atropine and scopolamine as
an incapacitating agent. BZ is said to ha ve a very high safety
profile and has 25 times more CNS anticholiner gic potency
than atropine (8). The incapacitating dose is def ined to be
roughly 0.5 mg in a typical adult compared to doses 20 to 25
times that for atropine. In addition, BZ also has less periph-
eral antimuscarinic effect than atropine, which makes it safer,
and it is easier to weaponize/disperse. The onset of action is
approximately one hour, and it peaks at about 8 hours, often
persisting for 3 to 4 days (1,3,8). 

Acetylcholine plays a vital role in cogniti ve function.
This is why ne w centrally acting acetylcholinesterase in-
hibitors have been developed to improve memory and gen-
eral cognitive function in patients with Alzheimer’s demen-
tia. Blockade of muscarinic receptors by BZ results in
profound CNS dysfunction. 

SIGNS AND SYMPTOMS

BZ crosses the blood brain barrier ef fectively and produces
symptoms within 2 hours. Because of its ready penetration
across the blood brain barrier , the predominant effects are
CNS symptoms. Patients will have anticholinergic delirium
and frequently will not be able to report many symptoms. If
they are coherent enough to gi ve a history, they may report
hallucinations, peripheral effects including dry mouth, vi-
sual symptoms such as blurriness and inability to focus, as
well as a feeling of warmth (1,3).

The symptoms of anticholiner gic delirium range from a
mild delirium to full-blo wn coma. At the mild end of the
spectrum when a victim has recei ved only a minimally ef-
fective dose, symptoms might include poor judgment, som-
nolence, impaired speech, and difficulty with complex task
assignment. The more severely poisoned victim may mani-
fest severe hallucinations from sensory stimuli, and agita-
tion and e ven seizures. Consistent with the def inition of
delirium, there may be waxing and waning of the symptoms
with occasional lucid intervals (1,3).

Anticholinergic delirium includes a fe w unique charac-
teristics that may help identify poisoning with BZ. P atients
may exhibit bizarre grasping mo vements where the y may
pick at the air, their skin, or clothing. The term “woolgather-
ing” was once used to describe this peculiar feature. Shared

hallucinations are described between two patients with anti-
cholinergic delirium who are placed in the same room.
Vivid hallucinations may occur that can be visual, auditory,
or sometimes tactile. These undergo slow extinction as the
CNS symptoms abate (1,3).

Like other anticholiner gics, BZ can cause peripheral
signs and symptoms; ho wever, they may not be as pro-
nounced as one would expect with the typical belladonna al-
kaloids such as atropine or Jimson weed ( Datura strammo-
nium), for example. Patients may manifest features of the
classic anticholinergic toxic syndrome: “dry as a bone, red
as a beet, hotter than Hades, and blind as a bat. ” Sinus
tachycardia, mydriasis, flushed, dry warm skin, and dimin-
ished bowel sounds, hyperthermia, and urinary retention
may be present. Seizures may occur in se vere poisoning. It
is important to note that pupillary dilatation may be mild or
even absent at doses capable of causing delirium. BZ also
causes fewer peripheral symptoms than other anticholiner-
gic drugs. Absence of these symptoms, especially early in
the course of the exposure, is not uncommon (3).

MEDICAL MANAGEMENT

Much like any other biologic or chemical w arfare attack
agent, treatment is contingent upon proper diagnosis and
maintaining a high inde x of suspicion. An isolated exposure
to BZ would not be expected, making the diagnosis more dif-
ficult. The combination of peripheral antimuscarinic ef fects
described previously with the characteristic delirium suggests
the diagnosis. Laboratory examinations are not clinically use-
ful. They assist in ruling out other potential causes (such as
metabolic derangements) and in diagnosing possible compli-
cations such as rhabdomyolysis and renal f ailure. Serum lev-
els can be obtained from specif ic reference laboratories, al-
though they are not helpful in the acute settings.

Patients with exposure to BZ should be decontaminated
as soon as possible. All clothing should be remo ved and
placed in sealed plastic bags. Skin should be thoroughly
rinsed with copious amounts of w ater to pre vent possible
ongoing absorption. Staff members should be trained to pre-
vent contamination of this potent agent.

Supportive care is paramount and intuitive. Delirious pa-
tients can certainly be a danger to themselv es and others if
not properly monitored. Victims should be temporarily re-
strained if necessary, and parenteral benzodiazepines should
be used to control agitation. Although such sedatives are not
specific antidotes, they can be useful measures to imple-
ment in an agitated patient and to decrease heat production.

Hyperthermia is an important concern due to the inability
to sweat and increased psychomotor agitation. The patient’s
rectal temperature should be monitored closely to pre vent
the potential dangerous complications. Hyperthermic pa-
tients should be cooled rapidly by misting the patient with
water and then applying f ans for evaporation, or by imple-
menting other effective techniques. Cold ice packs are not
thought to be effective for this form of hyperthermia. 

Anticholinergic agents cause drying of the secretions,
and along with tachycardia mistak enly lead the treating
physician to belie ve there is signif icant volume depletion
when the patient is actually euvolemic. Hydration status and
urine output should be closely monitored, particularly in
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warm weather (1,8). As with many stimulants and drugs of
abuse, patients are at risk for rhabdomyolysis. 

Acetylcholinesterase inhibitors are a classic but much ma-
ligned antidote for antimuscarinic poisonings. Neostigmine,
pyridiostigmine, and physostigmine are all known as medici-
nal carbamates. They act by inhibiting the breakdo wn of
acetylcholine at the synapse, increasing its level, and over-
coming the blockade by competitive displacement. Unlike the
other two agents listed, physostigmine has a tertiary amine
group enabling it to cross the blood brain barrier . Due to its
CNS penetration, it is the cholinesterase inhibitor of choice
for delirium caused by BZ. There is controversy concerning
the use of physostigmine due to reported adverse effects such
as seizures and asystole (9–12). Wide use of physostigmine in
the 1970s and 1980s for undif ferentiated toxic delirium or
coma was felt to be the cause of these reports of complica-
tions. Ketchum reports on military studies that sho w the
safety and efficacy of physostigmine in the treatment of BZ-
induced delirium (3). Other studies have showed the safety of
physostigmine when used in patients with anticholiner gic
toxidrome who ha ve not ingested drugs with f ast sodium
channel blocking acti vity such as tric yclic antidepressants
(9–12). Some clinicians are still reluctant to recommend
physostigmine use in this setting. Ho wever with BZ, it ap-
pears that physostigmine is safe and appropriate.

A typical adult dose of physostigmine would be 1 to 2 mg,
IM or IV. The recommended pediatric dose of physostigmine
is 20 µg/kg,up to 0.5 mg over 5 minutes. The dose may be re-
peated. Slow IV push over 5 to 10 minutes reportedly lowers
the incidence of seizures and cardiac ef fects. All patients
should have an electrocardiogram (ECG) prior to administra-
tion to check the QRS and PR width, and ECG monitoring is
recommended. A QRS duration >100 milliseconds and a PR
interval >200 milliseconds are contraindications to adminis-
tration. Possible co-ingestions of tric yclic antidepressants or
phenothiazines are relative contraindications, although this is
highly unlikely in a suspected BZ exposure (8,9,13).

Physostigmine reversal of symptoms in BZ poisoning may
not be immediate for reasons that are not completely under-
stood (3). Once symptom reversal has been obtained, a simi-
lar dose should be repeated e very 6 hours to prevent relapse.
Much higher doses may be required for re versal of se vere
delirium. In one subject e xposed to BZ, a total of 200 mg of
physostigmine was given without the occurrence of adv erse
events (3). Oral dosing is also effective and is an option once
the patient has been stabilized. P atients should be admitted
for observation for 24 to 36 hours.

TRIAGE CONSIDERATIONS

When evaluating patients with suspected or kno wn BZ poi-
soning, rapid triage of those with se vere agitated delirium
for safety issues is important. Those with hyperthermia, se-
vere delirium, or seizures should intuitively take first prior-
ity in a mass exposure situation. 

PERSONAL PROTECTION

Routine universal precautions should be used, including
mask and e ye goggles, a long slee ve gown and glo ves to
prevent contamination. 

SEDATIVE OR CALMATIVE AGENTS

NAME AND DESCRIPTION OF AGENTS

Opioids and v olatile anesthetics are potential sedati ve or
calmative agents. Opioids have been used for analgesia for
over 100 years. Intuiti vely, opiates can serve as calmative
and/or incapacitating agents. Morphine’s tendency to cause
severe respiratory depression, as well as other side ef fects
and logistical concerns limit its use in this capacity . In this
section, we will discuss fentan yl and n-4-substituted fen-
tanyl derivatives used as incapacitating agents.

Carfentanil is an n-4 substituted fentanyl derivative that
has high potency and a high therapeutic index (Figs. 5-3 and
5-4). Its safety has been well studied in lar ge animal mod-
els, when used to immobilize wildlife. Other similar drugs
in its class include sufentanil, alfentanil, and remifentanil. A
detailed discussion follows later in the chapter.

Halothane is an example of an anesthetic gas that can also
be considered as a potential calmati ve agent. However, its
odor and safety profile may be of concern in this capacity. 

THEORETICAL AND SCIENTIFIC
BACKGROUND

The first and only reported modern use of a sedating inca-
pacitating agent occurred in Russia. In late October of 2002,
Chechen rebels took 800 civilian hostages attending a stage
show. The rebels were armed with explosives and threatened
to blow up themselves and their captives. A few days later,
Russian special forces used a calmati ve gas to subdue the
rebels and take control of the crisis. Victims were taken to
local Moscow hospitals. In the tragic aftermath of the situa-
tion, 646 people were treated in local hospitals, and 118 of
the victims died (16). 

The victims were found to ha ve signs and symptoms of
opiate toxicity (15,16). After significant pressure from the
families of the victims, the Russian government released a
statement claiming that the gas used was a derivative of fen-
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BZ Summary

� BZ is a potent centrally acting anticholinergic
� Anticholinergic delirium is the hallmark of BZ expo-

sure; peripheral antimuscarinic effects may be delayed
or less prominent. 

� Diagnosis is historical, epidemiological, and clinical.
� Decontaminate all suspected patients, wear appropriate 

protective clothing.
� Restrain patients to protect them from harm when neces-

sary, using loose netting. Use benzodiazepines liberally.
� Treat hyperthermia aggressively; monitor for 

rhabdomyolysis.
� The treatment of choice for patients with significant 

intoxication is physostigmine 30 to 45 µg/kg IV/IM.



tanyl. Wide speculation is that carfentanil, a substituted n-4
fentanyl derivative, was the most lik ely agent used. Etor-
phine has also been suggested as a possibility (16). Man y
experts believe that there w as a concomitant use of an in-
halational anesthetic. Evidence to support this comes from
two German victims who were found to ha ve traces of
halothane when urine and blood samples were obtained (17). 

The ideal calmative agent should have the potential to in-
duce quick but easily reversible deep sedation or coma in an
armed, dangerous, hostile situation, especially where inno-
cent victims are involved. Its physical properties should en-

able quick removal from the en vironment and have a high
therapeutic index. The episode described here has increased
awareness of the potential use of calmative agents for use as
incapacitating agents. In hostage situations such as the
Chechnyan crisis, the potential adv antages of calmati ve
agents over a deliriant (BZ) or LSD become obvious. 

Fentanyl is a synthetic opioid with a potency 100 times that
of morphine, while having a much safer side-effect profile (18).
It is a selective mu-agonist with an elimination half-life of 2 to
4 hours. Over the past two decades, more potent substituted n-4
fentanyl derivatives have been developed. These agents differ
in the substitution of the n-4 position, classed as n-4 substituted
1-(2-arlethyl)-4 piperidinyl-n-phenylpropanamides. A few ex-
amples include sufentanil, alfentanil, remifentanil, and carfen-
tanil. These agents have been used for intra venous analgesia
used in conjunction with inhalational anesthetics. These agents
are purported to have very high safety margins (19).

Trials of aerosolized fentanyl for analgesia have been per-
formed in humans (20,21). These studies found a relati vely
low bioavailability and a wide variation in serum blood levels
to achieve effective analgesia. This was believed to be due
mainly to fentanyl’s variable pharmacokinetics, lipid solubil-
ity, and high volume of distribution. Higgins noted that indi-
vidual doses vary widely in part due to variability in each pa-
tient’s respiratory pattern (20). These features, together with
inconsistent aerosolized particle distrib ution, make fentanyl
an improbable candidate for use as a calmative agent. 

Carfentanil has been extensively used as a pareteral inca-
pacitating agent for large animals (22–25). Carfentanil has a
potency 10,000 times that of fentan yl (15). As mentioned
previously, a high therapeutic ratio has been noted in all n-4
substituted fentanyl derivatives in rats (19). In theory this
makes carfentanil a good candidate as an incapacitating or
calming agent. One may doubt that carfentanil alone w ould
be adequate as a calmati ve agent, perhaps explaining the
possible use of halothane in the Russian hostage situation
described previously.

There are several problems with the use of a fentan yl de-
rivative as an incapacitating agent. Although carfentanil and
its similar analogs have high potency and a high therapeutic
index for other uses, the dose required to produce incapacita-
tion of 99% of the tar get victims is significantly higher than
what is likely safe, resulting in a high potential incidence of
unintended mortality. Distribution of an aerosolized agent to
a large group of people in equipotent doses is also logisti-
cally problematic. Some people may recei ve a substantially
larger dose than desired while others may be underdosed.
This is because of v arying degrees of ventilation by various
individuals and because of uneven dispersal patterns.

Halothane is a bromine-containing inhalational anesthetic
(2-bromo-2-chloro-1,1,1-trifluoroethane). It is a highly v ola-
tile, colorless and lipid-soluble liquid that can be detected by
its sweet odor. Halothane is a rapid and short-acting agent
with a peak action at 1.3 to 3.5 minutes. It has an elimination
half-life of 26 minutes with duration of action of 4 to 16 min-
utes. About two-thirds of the absorbed dose is e xcreted un-
changed by the lung, the rest being metabolized. The main
metabolites include bromine, trifluoroacetic acid, chloride
salts, ethanolamine, and cysteine conjugates. The latter two
metabolites may be involved in halothane-induced hepatotox-
icity It is more potent than nitrous oxide and enflurane with
minimum alveolar concentration of 0.6% to 1.0% (26,27).
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Figure 5–4. Fentanyl

Figure 5–3. Carfentanil



SIGNS AND SYMPTOMS

The history may not be available from the patient, and Emer-
gency Medical Services, bystanders, or the agency that used
this agent should be recruited to assist in obtaining critical in-
formation. The clinical manifestations are those widely asso-
ciated with opioid intoxication. At low doses, drowsiness and
euphoria may be reported. Rapid induction of coma and res-
piratory depression may be the only history available.

Miosis, CNS depression or coma, and respiratory depres-
sion or arrest are all hallmarks of this toxidrome. Other f ind-
ings may include bradycardia, hypotension, and hypothermia. 

Urine drug screens are not likely to pick up the presence of
synthetic opiates such as fentanyl. Serum levels of suspected
exposure victims can be sent to a reference laboratory , but
this will not be useful in the acute clinical setting (8). 

The main toxic ef fects of halothane include a dose-de-
pendent CNS and respiratory depression, including apnea,
bradycardia, other arrhythmias, and hypotension. Halothane
is known to sensitize the myocardium to catecholamines. He-
patotoxicity of Type I (transient enzyme abnormalities) and
Type II (idiosyncratic reaction) have been reported (26,27).

MEDICAL MANAGEMENT

The critical component in the treatment of an opiate poisoning
is support of the respiratory system. Ev en if the standard anti-
dote is not available, oxygenation with early and aggressive sup-
port of ventilation is important to prevent hypoxic brain injury.

Naloxone is the antidote of choice for opiate poisoning or
overdose. Unique to synthetic opiates is that high doses of this
antidote are often required to re verse respiratory depression and
coma (8). Experience with carfentanil in wildlife has sho wn
higher than standard doses of naloxone are required to re verse
clinical effects (28). Higher doses in the range of 0.3 mg/kg or
higher may be required. It is important to remember that nalox-
one typically has a shorter duration of action than man y opiates.
The patient should be monitored for the potential of recurrent
respiratory depression after administering this antidote. Fentanyl
and 4 n-substitutes also undergo redistribution due to their highly
lipophilic properties. At high doses the clinician should be vigi-
lant to observe for recurrence of respiratory and CNS depression.

If an additional inhalational agent has been used, nalox-
one may not be completely effective. Aggressive support of
oxygenation and v entilation with cardio vascular support
should suffice until the effects have dissipated.

The treatment of halothane toxicity includes remo val
from exposure and support of the respiratory and cardiovas-
cular systems. Vasopressors may induce cardiac arrhythmias
and should be used cautiously . There is no antidotal treat-
ment, although N-acetylcysteine has been suggested as a
treatment modality based on animal studies (26,27).

TRIAGE CONSIDERATIONS

When triaging patients, those with any signs of hypoventila-
tion or depressed mental status should take immediate prior-
ity. In a multicasualty incident, naloxone stores may not be
sufficient to treat all victims. In all circumstances, however,
it should be remembered that support of v entilation and
oxygenation are the mainstays of treatment. 

PERSONAL PROTECTION

Once the patient has been remo ved from the area to a well-
ventilated space, significant contamination of staf f is un-
likely. Until the nature of the e xposure is known, appropri-
ate personal protection should be maintained.
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RIOT CONTROL AGENTS

NAME AND DESCRIPTION OF AGENT

In this section we will discuss the three most common riot
control agents together and elucidate their indi vidual charac-
teristics. These agents include chloroacetophenone (CN),
chlorobenzylidene malonitrile (CS), and oleoresin capsicum
(OC). We will also include a fourth agent, diphenyl-
aminochloroarsine (DM), out of historical interest only (Figs.
5-5 to 5-8). Other general descriptions used interchangeably
are harassing agents or lacrimators. Details and actions of the
individual agents are discussed in more detail later.

Figure 5–5. Chloracetophenone (CN)

Figure 5–6. Chlorobenzylidine malonitrile (CS)

Calmative Agents Summary

� Calmative agents such as potent short-acting opiates
may become increasingly used in hostage situations.

� The most critical action is support of oxygenation and
ventilation.

� Miosis, coma, and respiratory depression are the hall-
marks of the intoxication.

� Large doses of naloxone may be required, and a contin-
uous intravenous drip should be considered. 

� In the event of a calmative agent use, adequate disaster
response resources should be made available.



THEORETICAL AND SCIENTIFIC
BACKGROUND

The use of irritant gases as nonlethal riot control agents is a
fairly modern concept. There are several historical instances
of irritant gas use w orth mentioning. Se veral accounts of
sulfur oxides, also known as Greek Fire, were used from an-
cient times through the Middle Ages. Hunyada Janos, a
Hungarian national hero, used an arsenical smok e against
the Ottoman Turks in the successful battle of Belgrade
(29,30). The first modern use of irritant gas for the purpose
of riot control came in 1914. In this year , the Paris police
used ethylbromoacetate grenades to subdue prisoners (31).
Both sides during World War I used harassing agents. The
use and de velopment of irritant gases for riot control e x-
panded greatly in the 1950s and 1960s.

Riot control agents are by def inition short-acting and
nonlethal, and they temporarily incapacitate the target popu-
lation very rapidly. Also known as sensory incapacitants,
they cause severe irritation and discomfort and, therefore,
reduce the ability and moti vation of the tar get victim to
cause harm. Their duration of action is short, usually less
than 30 minutes. Ideally , they should ha ve low and re-
versible toxicity. Although they all ha ve common clinical
manifestations, they are theoretically subdi vided into
lacrimators, sternutators, and vomiting agents. Lacrimators
include agents that cause irritation and lacrimation, sternu-
tators are products that induce violent coughing and sneez-
ing, and vomiting agents cause vomiting.

The potencies of these agents are def ined by the product
of the concentration and exposure time sufficient to disable
50% of a group of unprotected indi viduals. This is otherwise
known as the ICt50. The LCt50 is a description of the time that
is required to be lethal to 50% of the population. A higher
LCt50 coupled with a lo wer ICt50 indicates a higher safety
margin. Exact values for the agents are not important for our
discussion and may be obtained from the reference section.

Chloroacetophenone or CN, more commonly known by
its trade name Mace, was developed in 1871 and used in
World War I. It became the most commonly used riot con-
trol agent by the U.S. military and police agencies through
the 1950s and is still a vailable today. CN was found to be
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Figure 5–7. Capsaicin

Figure 5–8. Adamsite (DM)

relatively more harmful than some of the other agents and
has largely been replaced. 

Corson and Stoughton first synthesized o-chlorobenzyli-
dene malonitrile (CS) in 1928, and their initials were used
for its trade name. It has been used extensively in the past by
the U.S. military, and currently it is being used w orldwide
as a sensory incapacitant (32). Relative to CN, the LCt50 for
CS is higher and considered a safer riot control agent. It is
up to ten times more potent than CN. There has been exten-
sive experience with the use of this agent.

Oleoresin capsicum (OC) is also known as capsaicin and
pepper spray. OC is deri ved from e xtracts of the peppers
Capsicum annum and Capsicum frutescence. Numerous
compounds are found in this e xtract; however, capsaicin is
the primary and most irritating component. It is no w the
most commonly used sensory incapacitant in the United
States, and its use is increasingly globally . Concentrations
are available in 1% to 10% solutions, with lower concentra-
tions for sale to the public. Capsaicin causes the release of
the neuropeptide substance P, which causes vasodilatation,
inflammation, and increased and prolonged pain through
slow-acting c-fibers (31,33,34). 

Diphenylarenamine (DM) also known as Adamsite is an
irritant and vomiting agent. DM is more toxic than CN, CS,
and OC. At lower concentrations, DM acts in similar f ash-
ion as the other harassing compounds with typical sensory
irritant properties. At higher concentrations DM was known
to cause vomiting in a delayed fashion (31,35). This delayed
irritation caused by DM is considered an adv antage in war-
fare in that by the time the target develops irritant symptoms
and then puts on his/her mask, he/she may have already re-
ceived a large dose. The victim will begin to vomit, remove
his/her gas mask and be exposed, perhaps to nerve agents or
other highly toxic substances. At lower concentrations irri-
tant symptoms predominate, while higher doses are required
for nausea and vomiting. Due to the propensity for victims
to vomit, the use of DM has been widely discontinued in the
civilian setting.

SIGNS AND SYMPTOMS

Riot control agents all affect the ophthalmologic, upper res-
piratory, lower respiratory, and integumentary systems to
varying degrees. Table 5-1 summarizes the general clinical
effects by organ system. The most pronounced effect of all
these agents at lo w concentrations are the ophthalmologic
symptoms of intense pain and involuntary blinking that tem-
porarily will incapacitate the victim. Vomiting is very com-
monly associated with DM, as discussed previously. It has
also been seen to a lesser extent with the use of CN.



The eyes are the most immediate and severely effected
of the target organs. The intense pain and blepharospasm
incapacitates the victim. Severe lacrimation, conjunctival
injection, and periorbital edema are also noted. The
symptoms appear within seconds for pepper spray and
within a minute for CS (32). Of the agents discussed, CN
is the most potentially harmful, while CS and pepper
spray are much safer. They all cause a conjunctivitis, but
CN has been sho wn to cause corneal edema, corneal
opacification, and glaucoma in animal models (35).
There are reports of CN powder lodging in the stroma of
the cornea. Much of the damage from CN was believed to
be due to the traumatic ef fect of the propellants used as
well as the proximity of the blast (36,37). The effects
from CS and pepper spray typically resolv e within 30
minutes, while that of CN may be more prolonged.

The upper respiratory tract is uniformly irritated with
all harassing agents, with pepper spray having the fastest
onset on action. The effects include pain and stinging in
the nose and mouth, sneezing, increased secretions, and
rhinorrhea. At usual concentrations and limited e xpo-
sure, lower respiratory tract manifestations include
coughing, chest tightness, and shortness of breath. The
cilia function to clear the airw ays of the irritants and
protect the alveoli from further damage. At high enough
concentrations and prolonged e xposures, this protective
effect is lost, and there can be lo wer airway exposure
and damage (38). Bronchospasm is relati vely common,
especially in those with underlying reacti ve airway dis-
ease, and can be potentially serious. Rare cases of pul-
monary edema ha ve been reported for CS (39). Cap-
saicin is especially concerning in this re gard and has
been implicated in se veral deaths attrib uted to se vere
bronchospasm (31,40). Animal models with prolonged
and fatal exposure showed edema and inflammatory cell
infiltration in the alveoli. 

Dermatological effects manifest initially as pain and ir-
ritation. Erythema followed by blistering and burning can
occur at higher doses. Usually these ef fects are minimal
and transient. The concentration, duration of e xposure,
and even humidity appear to af fect the se verity of the
burns when they occur (35). Higher humidity and mois-
ture have been reported to worsen the effect. An acute and
delayed allergic contact dermatitis is well described with
CN and CS, although CN is a much more potent sensi-
tizer. These effects are seen in tar get victims and espe-
cially those involved in the manuf acture of these chemi-

cals (41). DM and capsicum both cause erythema and
pain, and DM may cause skin necrosis (31).

MEDICAL MANAGEMENT

In general, riot control agents cause little in the way of seri-
ous morbidity or mortality. The obvious exceptions include
those exposed to higher concentrations, especially in an en-
closed space, for a longer period of time. Those with under-
lying respiratory disease or decreased physiologic reserv e
may be more susceptible as well. Treatment is mainly sup-
portive. Patients should be disrobed and w ashed with copi-
ous amounts of cold water. Soap and water may be more ef-
ficacious but may cause a transient increase in the patient’ s
symptoms (37). The patient’s clothing should be sealed in a
plastic container until it can be washed in a cold solution for
decontamination. 

Most cases of capsaicin, CN, or CS e xposure resolve
spontaneously within 30 minutes of exposure, and do not re-
quire treatment. More se vere ophthalmologic e xposures
may be treated as with other chemical e ye exposures. Con-
tact lenses should be removed and topical anesthetics can be
used liberally for pain control, and irrigation with isotonic
saline or lactated ringers is beneficial (35). Others have rec-
ommended eye exposures be treated by blowing dry air over
them with a cold hair dryer or a f an (32,36,37). The eye
should be examined in all cases for the presence of foreign
bodies or more extensive eye injury. Referral to an ophthal-
mologist may be prudent, particularly for cases of more se-
vere ocular trauma or iritis.

Upper respiratory symptoms are generally transient and
should resolve without treatment. Occasionally lo wer tract
toxicity may occur in patients with prolonged e xposures.
Patients with dyspnea can be treated with humidif ied oxy-
gen, and those with bronchospasm or underlying reacti ve
airway disease may benef it from β-2 agonist. Patients with
prolonged dyspnea or chest tightness after a period of obser-
vation should be admitted and observ ed (31,32,35). Corti-
costeroids are of no pro ven benefit but may be considered
for use in patients with moderate or se vere toxicity. Acci-
dental exposures in inf ants and neonates are potentially
much more serious probably due to decreased protective re-
flexes and should be managed conservatively. Billmire et al.
reported a case of an accidental e xposure to pepper spray-
induced respiratory failure in a 4 week old that was success-
fully treated with e xtracorporeal membrane oxygenation
(ECMO) (42).

Dermal contamination should be treated similarly to other
chemical burns with copious irrigation. An alkaline solution
containing 6% sodium bicarbonate can hydrolyze CS and
may be used as a decontaminating solution. Diluted Bur-
row’s solution applied with moist dressings may be of some
symptomatic relief. Cold silver nitrate has also been recom-
mended (35). Allergic contact dermatitis should be treated
with topical corticosteroids (31,41).

TRIAGE CONSIDERATIONS

A rapid priority in treating patients e xposed to riot control
agents is the safety of hospital staff and other victims. These
patients should be taken to a well-ventilated area for decon-
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TABLE 5-1  Effects of Riot Control Agents

• Ophthalmologic—stinging, pain, tearing,
blepharospasm (involuntary blinking)

• Upper respiratory tract—pain/burning of the oropharynx
and nasal passages, copious rhinorrhea

• Lower respiratory tract—cough, chest tightness, short-
ness of breath

• Dermal—stinging, burning, erythema, occasional
blistering

• Gastrointestinal—vomiting (Adamsite)



tamination as soon as possible to prevent secondary harm to
staff or other patients.

PERSONAL PROTECTION

Standard universal precautions should be emplo yed. Long
sleeve gowns, rubber gloves, eye protection, and a well-fitted
respiratory mask should be w orn until the clothing has been
removed and the patient has been properly decontaminated. A
decontamination suite or a room with good ventilation should
be used if possible to protect emergency personnel. 

5. Agency for Toxic Substances and Disease Registry
http://www.atsdr.cdc.gov/atsdrhome.html

QUESTIONS AND ANSWERS

1. You are treating a 19-year-old police officer who re-
sponded to a crime scene and was exposed to an un-
known aerosolized chemical agent one hour prior to
presentation. He is one of several members in the unit
who was not wearing a protective gas mask prior to
the exposure. Your patient is disoriented, intermit-
tently agitated, at times sedated, and exhibiting occa-
sional random picking movements at his skin. His
heart rate is 132 and his temperature is 41ºC. During
the exam, you note that his pupils are 4 mm, that his
skin is somewhat warm to the touch, and that his ax-
illa exhibits a lack of perspiration. His mucous mem-
branes appear rather dry also. What is the most im-
portant initial therapeutic treatment for this patient?

A. Immediately administer atropine 2 mg IM, fol-
lowed by haloperidol 5 mg IM, and then restrain
the patient with a heavy bed sheet.

B. The patient should be undressed, apply fans and
misting to cool the patient off. Start IV fluids and
administer benzodiazepines as needed for restraint
and sedation. Physostigmine may then be given.

C. One dose of physostigmine 2 mg IM is the only
treatment needed.

D. Give the patient a trial dose of naloxone and 1 g
acetaminophen and then observe.

E. Cover the patient with ice packs and bolus 
2 liters of normal saline.

2. The patient in the first question has responded well
to the antidote and is now alert and oriented. The of-
ficer in charge would like to know whether he can
take the officer back now that he has been treated.
You tell him:

A. The patient is free to go, but must be watched
closely and should return if the symptoms reoccur.

B. The patient must be monitored in the hospital and
treated with high-dose haloperidol as needed.

C. The agent the patient was exposed to can last up to
3 days, and the symptoms will likely return so that
the patient will need repeated doses of the antidote.

D. The patient may now return to active duty, but he
is to try and stay out of the heat.

E. The patient needs to be observed in the ER for 6
more hours, if his symptoms do not return, he then
is free to go.

3. Which of the following lessons learned from the
Chechnyan rebel hostage crisis is most valid?

A. Naloxone is a critical antidote that should not be
overlooked when preparing hospitals for readiness
against possible use of incapacitating agents.

B. Sedative opiates, if not properly disseminated, can
be associated with a high mortalilty rate.

C. Consideration of proper ventilation in the target
area should be done before using a calmative agent.
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OTHER AGENTS

LSD, THC, and phenothiazines have been tested in the past
by the U.S. military and could theoretically be used as inca-
pacitating agents (2). However, military experimentation has
generally been considered unsuccessful. As a class, these
common drugs are difficult to weaponize and can lead to un-
predictable effects. 

RESOURCES

1. Centers for Disease Control and Prevention
http://www.bt.cdc.gov 

2. National Library of Medicine and National Institute 
of Health Medlineplus 
http://www.nlm.nih.gov/medlineplus
/biodefenseandbioterrorism.html

3. World Health Organization
http://www.who.int

4. National Institute for Occupational Safety and Health
http://www.cdc.gov/niosh/homepage.html

Riot Control Agents Summary

� All riot control agents may cause irritation to the skin
and respiratory system.

� These agents are commonly used in police actions.
� In general, these agents have low morbidity and 

mortality, and the effects are short lived.
� Rapid decontamination is the removal and sealing of

clothes.
� Wear protective clothing, and use a well-ventilated area.
� Thoroughly irrigate the eyes and skin.
� Humidified oxygen and beta-2 agonists may be bene-

ficial in patients with severe respiratory symptoms.
� Skin exposures may benefit from dilute Burrow’s so-

lution compresses or corticosteroids for allergic con-
tact dermatitis.

� Admit patients with prolonged respiratory symptoms
and all infants with exposures.

http://www.atsdr.cdc.gov/atsdrhome.html
http://www.bt.cdc.gov
http://www.nlm.nih.gov/medlineplus
http://www.who.int
http://www.cdc.gov/niosh/homepage.html


D. The therapeutic indices of 4-n-substituted fentanyl
derivatives are in actuality high.

E. All of the above are correct.

4. A 42-year-old armed burglary suspect was subdued
using oleoresin capsaicin. The police bring him in for
evaluation of his complaints of shortness of breath. He
complained earlier of stinging in the eyes, but he no
longer has any visual complaints. He has a history sig-
nificant for mild asthma. His vital signs are HR 112,
RR 16, T 99.2°F, and O2 sat of 98% on room air. On
examination, he is anxious, and you auscultate a few
faint wheezes, but his air exchange is good. You would
do which of the following:

A. Order a chest X-ray, an arterial blood gas, and start
him on oxygen, inhaled beta-2 agonist and admin-
ister a dose of physostigmine 2 mg IV.

B. After appropriate workup and treatment, call the
hospitalist and get him admitted for observation.

C. Adminster humidified oxygen, give one dose of a
beta-2 agonist, and then reassess. If his condition
improves, discharge the patient to the custody of
the police.

D. After your exam, discharge the patient immedi-
ately since the ED is busy and this patient is obvi-
ously not very sick.

E. Order a 3% bicarbonate nebulized solution and
then reassess the patient’s symptoms in 20 minutes.

ANSWERS
1: B. The patient in the first question was exposed to BZ. Initial

treatment should be supportive. Hyperthermia from an an-
ticholinergic should be treated aggressively with evapora-
tion. Ice packs are not recommended. While physostigmine
is the antidote of choice and would be indicated in this
case, supportive care comes first. The correct dose of
physostigmine is 1 to 2 mg IV/IM. Haloperidol may exacer-
bate the patient’s hyperthermia and lower the seizure
threshold and would be contraindicated for sedation. The
patient does not exhibit signs of opioid intoxication and
would not be expected to respond to naloxone. 

2: C. BZ can last anywhere from 24 hours to about 3 days.
Physostigmine is safe when used for BZ or any pure anti-
cholinergic agent. The beneficial effects, however, do wear
off, and the patient should be redosed every 6 hours to pre-
vent relapse. Discharge after the patient recovers from the
first dose would not be appropriate.

3: E. The rather novel use of what is thought to be carfentanil in
Moscow raises awareness of the possibility of a sedative or
calmative agents being used as an incapacitating agent.
Many hospitals have inadequate doses to respond to an
event like the one described above. Fentanyl derivatives
have high safety margins; however, other problems such as
ventilation and dispersal of equipotent doses as well as use
of a second anesthetic gas may have been contributing fac-
tors in the tragic consequences.

4: C. Most exposures to riot control agents are benign, with the
effects only lasting around 30 minutes. Exceptions do occur
with the older agents that may still be around, such as
corneal toxicity with Mace. People with underlying respira-
tory illnesses may be particularly susceptible to OC if ex-
posed long enough, and a few deaths have occurred.

Neonates and infants exposed are also at high risk and
should be admitted for observation and treatment. The pa-
tient in our scenario does not manifest serious signs of pul-
monary toxicity and should respond well to supportive
treatment with beta-2 agonist and humidified oxygen. If
symptoms were to persist, a period of inpatient observation
is reasonable.
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6
Anthrax
Anthony J. Carbone

NAME OF AGENT

Disease: Anthrax; Organism: Bacillus anthracis.

THEORETICAL AND SCIENTIFIC
BACKGROUND

Anthrax is a zoonotic disease caused by the bacterium Bacil-
lus anthracis. Its name is derived from a Greek word for coal,
anthrakis, because the disease causes coal-like skin lesions in
humans (Fig. 6-1) (1). The disease has been described since
antiquity. The biblical f ifth plague of ancient Egypt (circa
1500 B.C.) is believed to have been caused by anthrax (2). Vir-
gil recorded a description of anthrax in 25 B.C. (3), and the
disease was known as the “Black Bane” during the Middle
Ages (4). Robert K och used anthrax to demonstrate the mi-
crobial origin of disease in 1876 (5). Soon after , John Bell
recognized Bacillus anthracis as the cause of w oolsorter’s
disease (inhalational anthrax) and w as instrumental in estab-
lishing wool disinfection procedures, dramatically reducing
the incidence of occupational disease (6). Anthrax is also the
first disease after smallpox for which an effective vaccine was
developed [by William Greenfield in 1880 (7), followed by
Louis Pasteur’s heat-cured vaccine in 1881 (8)]. 

EPIDEMIOLOGY OF NATURALLY
OCCURRING ANTHRAX

Anthrax is a naturally occurring disease that af fects herbi-
vores (primarily cattle, sheep, and goats) that become in-
fected after grazing on soil contaminated with B. anthracis
spores (9). The animals develop gastrointestinal anthrax fol-
lowed by systemic dissemination and death (1). Humans
generally acquire the disease following contact with anthrax-

Figure 6-1. Cutaneous anthrax lesion of the neck. Source: CDC-
PHIL, date unknown.



infected animals or contaminated animal products. Human-
to-human transmission has not been described (2,9,10,12). 

Anthrax occurs globally and is most common in agricul-
tural regions with inadequate anthrax control programs for
livestock. The disease has been reported in o ver 80 coun-
tries. Human cases are rare, but they have been reported in
Africa, the Middle East, Asia, Southern and Eastern Europe,
the Caribbean, and the Americas (13,14). Cutaneous anthrax
is the most common naturally occurring form of anthrax
with an estimated 2,000 cases annually worldwide (11).
Turkey reports o ver 400 human cases annually , mostly in
the form of cutaneous anthrax (15). The United States expe-
riences rare outbreaks in cattle along the “anthrax belt” of
the Great Plains and reported only six human cases between
1988 and 2001 (16,17). Inhalational anthrax is rare with
only 18 cases reported in the United States during the 20th

century; most of these cases were attributed to occupational
exposure among goat hair mill and wool or tannery workers
(18,19). The largest reported epidemic of human anthrax oc-
curred in Zimbabwe with over 6,000 cases, virtually all cu-
taneous, with approximately 100 fatalities reported between
1978 and 1980. The outbreak was attributed to a lapse of es-
tablished public health and veterinary practices during the
Rhodesian Civil War (12,20). Gastrointestinal anthrax is un-
common, but probably underreported. Outbreaks of gas-
trointestinal anthrax are continually reported in Africa and
Asia following ingestion of insuf ficiently cooked contami-
nated meat (2).

Deliberate Transmission
Anthrax has long been recognized as a potential biological
weapon. The Japanese Imperial Army experimented with
anthrax on prisoners of w ar and Chinese ci vilians during
World War II (21,22). The U.S. military weaponized anthrax
spores in the 1950s and 1960s before its offensive biological
weapons program w as terminated (23). The Soviet Union
produced and stockpiled thousands of tons of weaponized
anthrax beginning in 1973 and continuing until the f all of
the Soviet Union in 1991 (24). One So viet biological
weapons factory, located in Sverdlovsk, USSR (present day
Ekaterinsburg, Russia), accidentally released a small amount
of militarized anthrax spores in 1979, resulting in 68 re-
ported fatalities. Soviet officials claimed the f atalities were
due to gastrointestinal anthrax from tainted meat; ho wever,
local pathologists identified the causes of death as inhala-
tional anthrax on autopsy (25–29). In 1995, Iraq admitted to
having produced 8,500 liters of anthrax b ut declared that
they destroyed all biological weapons shortly after the start
of the Persian Gulf War in 1991 (30,31). The Japanese cult
Aum Shinrikyo sprayed anthrax from the rooftop of their
Tokyo headquarters in 1993 in an act of terrorism, which
failed because the group unwittingly used a benign v accine
strain (32,33). In September 2001, an unknown terrorist
mailed threatening letters containing anthrax spores to tele-
vision news anchor Tom Brokaw, and U.S. Senators Tom
Daschle and Patrick Leahy, through the U.S. Postal Service.
When it was over, 23 individuals had contracted anthrax—
10 with inhalational anthrax and the remainder with cuta-
neous anthrax. Five of the 23 (22%) victims died as a result
of the anthrax infection; all five had been diagnosed with in-
halational anthrax (34–37).

Microbiology
Bacillus anthracis is an aerobic, spore-forming, nonmotile,
encapsulated, gram-positive rod (Fig. 6-2). The natural reser-
voir for B. anthracis is the soil in the spore form of the organ-
ism. Anthrax spores germinate into v egetative bacilli when
they enter an environment that is rich in amino acids, nucleo-
side, and glucose, as is found in the blood and tissues of
hosts. The vegetative bacilli will form spores when nutrients
have been exhausted or when the en vironment is exposed to
ambient air (38,39). Vegetative bacteria cannot survi ve out-
side of an animal or human host, whereas the B. anthracis
spore is extremely hardy and has been known to survive in
soil for decades (40). The vegetative cell is large, measuring 1
to 10 µm by 1 to 1.5 µm. Anthrax spores measure approxi-
mately 1 µm (Fig. 6-3). B. anthracis readily grows aerobi-
cally on sheep blood agar and is nonhemolytic under these
conditions (2). The colonies are lar ge (4 to 5 mm), rough,
grayish-white, with a swirling “comet-tail” or “curled-hair”
appearance (Fig. 6-4). Several laboratory tests are used to dif-
ferentiate virulent B. anthracis strains from other innocuous
Bacillus species. Unlike other Bacillus species (B. subtillus
and B. cereus,) B. anthracis is characterized by the absence of
hemolysis, motility, growth on phen ylethyl alcohol blood
agar, gelatin hydrolysis, and salicin fermentation (1,9,48).
Microbiologists should be warned of the possibility of B. an-
thracis in order to run special tests on Bacillus species to rule
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Figure 6–2. Photomicrograph of Bacillus anthracis using
Gram stain technique. Source: CDC-PHIL, date unknown.

Figure 6–3. An electron micrograph of spores from the Sterne
strain of Bacillus anthracis bacteria. Source: CDC-PHIL, 2002. 



contaminated animals and animal products. Gastrointestinal
anthrax is rare, and no cases have been reported in the United
States (49). Symptoms and incubation periods v ary depend-
ing on the route of transmission and the size of the inoculum.
In general, symptoms appear within 1 to 7 days of exposure
but may de velop within hours follo wing a lar ge inoculum;
however, it could be as long as 60 days (1,41).

Cutaneous Anthrax. Cutaneous anthrax results from
handling contaminated animal tissue or products. Anthrax
spores enter the skin through small cuts and abrasions,
germinate to the bacillary form, and multiply. Germination
takes place in macrophages, and toxins release results in
edema and tissue necrosis, with little or no purulence (1).
Cutaneous anthrax usually remains local, although if un-
treated, the disease enters the lymphatics and becomes
systemic in 5% to 20% of cases (50). Cutaneous anthrax
has a mortality rate of 10% to 20% for untreated cases and
is usually less than 1% with treatment (1,2). 

Gastrointestinal Anthrax. Gastrointestinal anthrax is
the least common, or more likely, the least reported of the
three clinical forms of anthrax. Gastrointestinal anthrax is
contracted after eating meat contaminated with B. an-
thracis spores. The spores can infect the system an ywhere
along the gastrointestinal tract and cause tw o distinct syn-
dromes based upon the primary site of infection: abdomi-
nal and oropharyngeal anthrax. Autopsies suggest that the
initial site of infection is most commonly the terminal
ileum or cecum (28). The spores germinate into the v ege-
tative form and migrate to the mesenteric and other re-
gional lymph nodes. The bacilli multiply in the lymph
nodes resulting in bacteremia and death. The case fatality
rate for gastrointestinal anthrax is not precisely known, but
it is estimated to be 25% to 60% (9,51). Gastrointestinal
anthrax could potentially be the result of an act of bioter-
rorism. The Japanese Imperial Army’s secret biological
warfare program attempted to poison children with choco-
late tainted with anthrax spores during World War II (52).
The apartheid go vernment of South Africa was found to
have developed biological weapons and attempted to poi-
son children with anthrax-containing chocolate (53). 

Inhalational Anthrax. Inhalational anthrax de velops
after the deposition of spore-bearing particles, measuring
1 to 5 µm, into alveolar spaces. The minimum infectious
inhaled dose for anthrax is not known for humans, but in
nonhuman primate studies it has ranged from 2,500 to
80,000 spores (18,54,55). Inhaled spores are ingested by
pulmonary macrophages and are carried to hilar and medi-
astinal lymph nodes where the y germinate and multiply .
Although the lung is the initial site of deposition of spores,
typical bronchopneumonia does not occur with inhala-
tional anthrax. Instead, multiplying bacilli in the hilar and
mediastinal lymph nodes release toxins producing hemor-
rhagic mediastinitis (27,41). Systemic disease results
when bacilli release toxins into the bloodstream causing
systemic hemorrhage, edema, and necrosis. The mortality
rate for untreated inhalational anthrax reaches 100%. The
mortality rate can be reduced if appropriate antibiotic ther-
apy is initiated within 48 hours of exposure, but it may still
be as high as 90% (1,2,23,48). The mortality rate for the
2001 anthrax attack was 45% with therapy (10,36).
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Figure 6–4. Bacillus anthracis colonies growing on sheep blood
agar. Note that some colonies demonstrate the classic “comet-
tailed” swirled appearance. Source: CDC-PHIL, date unknown.

out anthrax and to ensure that tests are processed under
Biosafety Level 2 (BSL2) conditions.

Pathogenesis
Anthrax infections are nearly al ways fatal in animals, but
they are not al ways fatal in humans. Anthrax spores enter
the body by inhalation, ingestion, or breaks in the skin
where they are phagocytosed by macrophages and carried
via lymphatics to re gional lymph nodes. The endospores
germinate inside the macrophages and become v egetative
bacteria. Vegetative bacteria are then released from the
macrophages where they multiply in the lymphatic system
and enter the bloodstream resulting in massi ve septicemia
(41). The vegetative bacilli e xpress virulence f actors that
lead to death of the host. The principle virulence factors for
B. anthracis are encoded on two plasmids—one involved in
the synthesis of an antiphagocytic polypeptide capsule, and
the other containing the genes for the synthesis of three pro-
teins it secretes: Protective Antigen (PA), Edema Factor
(EF), and Lethal Factor (LF) (1,41,42). Indi vidually these
proteins are not c ytotoxic; however the combination of P A
with LF or EF results in formation of the binary c ytotoxins,
lethal toxin, and edema toxin, respectively. The PA permits
the binding of lethal toxin and edema toxin to the host cell
membrane and f acilitates their transport across the cell
membrane (43). Edema toxin inhibits the neutrophil func-
tion and is responsible for the formation of the prominent
edema found in anthrax lesions (44,45). Lethal toxin attacks
macrophages resulting in the production of reacti ve oxygen
species and the release of the cytokines, tumor necrosis fac-
tor-α and interleukin-1α, which lead to shock and sudden
death in appropriate concentrations (1,46–48). 

Clinical forms of anthrax

Anthrax manifests itself in three major clinical forms depend-
ing upon the route of e xposure: cutaneous, gastrointestinal,
and inhalational anthrax. Ninety-five percent of human cases
of anthrax are reported as cutaneous (1,2,48). The remaining
cases tend to be inhalational from occupational e xposure to



SIGNS AND SYMPTOMS

Cutaneous Anthrax. Cutaneous anthrax is painless, does
not involve a disseminated rash, and results in a localized
black eschar that gives the disease its name. Cutaneous an-
thrax usually occurs following the deposition of spores into
skin with previous cuts or abrasions (9,11,56). Areas of ex-
posed skin, such as the hands, arms, face, and neck, are the
most frequently affected. Of the victims of the 2001 anthrax
attacks who contracted cutaneous anthrax, skin trauma was
not noted (57). The incubation period for cutaneous anthrax
ranges from 1 to 12 days, but it usually de velops within a
day (2,11,26). The primary lesion is a painless, pruritic mac-
ule or papule resembling an insect bite that de velops at the
site of infiltration. The lesions enlarge, vesiculate, and often
become hemorrhagic. By the second day, the vesicle usually
ruptures to form a round, depressed ulcer. Within 1 to 2
days, smaller (1- to 3-mm) satellite v esicular lesions often
surround the papule. These lesions are nonpurulent and con-
tain clear or serosanguinous fluid that re veals numerous
large bacilli on Gram stain. A painless, depressed, black es-
char forms over the lesion and is often associated with sig-
nificant localized, gelatinous, nonpitting edema. The edema
may become massive, especially with lesions involving the
face and neck. The eschar dries and falls off within the next
1 to 2 weeks, often without leaving a permanent scar. Lym-
phangitis and painful lymphadenopathy are often present
with associated systemic symptoms. Antibiotic therapy does
not appear to change the development of the skin lesion and
eventual eschar, but it does decrease the incidence of sys-
temic disease (11). The mortality rate without antibiotics is
as high as 20% due to systemic complications. Death with
appropriate antibiotic therapy is rare. The differential diag-
nosis of ulceroglandular lesions includes anti-phospholipid
antibody syndrome, brown recluse spider bite, coumadin/
heparin necrosis, cutaneous leishmaniasis, cutaneous tuber-
culosis, ecthyma gangrenosum, glanders, leprosy, mucor-
mycosis, orf, plague, rat bite fever, rickettsial pox, staphylo-
coccal/streptococcal ecthyma, tropical ulcer, tularemia, and
typhus. The differential diagnosis for ulceroglandular syn-
dromes includes cat scratch fever, chancroid, glanders, her-
pes simplex infection, lymphogranuloma venereum, melioi-
dosis, plague, staphylococcal and streptococcal adenitis,
tuberculosis, and tularemia (58).

Gastrointestinal Anthrax. Gastrointestinal anthrax devel-
ops after eating insufficiently cooked meat contaminated with
large numbers of vegetative anthrax bacilli or spores and in-
cludes two distinct syndromes: abdominal and oropharyngeal
anthrax (11). The symptoms of gastrointestinal anthrax ap-
pear 1 to 7 days after ingesting contaminated food and de-
pend upon the site of infection along the alimentary canal. 

Abdominal anthrax. The disease usually presents with
fever, malaise, nausea, vomiting, and anorexia. The disease
rapidly progresses to severe, bloody diarrhea and signs sug-
gestive of acute abdomen and/or sepsis (1,48,56,59–61). The
primary intestinal lesions are ulcerative and usually occur in
the terminal ileum or cecum (62). Gastric ulcers may be as-
sociated with hematemesis or cof fee-ground emesis (48).
Constipation and diarrhea ha ve both been described, and

stools are usually melenic or blood-tinged (41). Hemor-
rhagic mesenteric lymphadenitis and massi ve ascites are
often present (60). Advanced disease may be similar to the
sepsis syndrome occurring in late inhalational and cutaneous
anthrax. Morbidity is due to blood loss, fluid and electrolyte
imbalances, or subsequent shock. Death from intestinal per-
foration or toxemia occurs 2 to 5 days after the onset of dis-
ease (41). Early diagnosis of gastrointestinal anthrax is diffi-
cult and mortality may be greater than 50% (62).

Oropharyngeal anthrax. Deposition and germination of
spores in the oropharynx result in a subset of gastrointesti-
nal anthrax known as oropharyngeal anthrax. P atients pres-
ent complaining of a severe sore throat, fever, dysphagia,
and occasionally respiratory distress (21,48). Other clinical
features include toxemia, inflammatory lesions of the oral
cavity or oropharynx, and marked cervical lymphadenopa-
thy with edema of the soft tissues of the cervical area (62).
Swelling may be severe enough to compromise the airw ay.
In an outbreak of anthrax in April 1982 in northern Thai-
land, 24 cases of oropharyngeal anthrax were reported (63).
All of the af flicted had recently eaten w ater buffalo meat.
All but one required hospitalization, and three of the 24
(12.4%) patients died despite hospitalization and antibiotic
therapy (64). All of the patients sought medical attention be-
cause of painful neck swelling, and all but one complained
of fever. Other common symptoms included sore throat,
dysphagia, and hoarseness. The neck swelling w as due to
marked cervical lymphadenopathy and soft tissue edema.
Early lesions are edematous. Within 7 days, central necrosis
and ulceration de velop and form whitish patches. By the
second week, the patch de velop into a pseudomembrane
covering the ulcer similar to diphtheria (62). 

Inhalational Anthrax. The classic clinical course of inhala-
tional anthrax is one of a biphasic illness. The incubation pe-
riod for inhalational anthrax typically ranges from 1 to 7 days,
but may develop as quickly as hours or as long as 60 days fol-
lowing exposure depending upon the size of the inoculum
(1,2,11,27,41). The initial phase begins with a nonspecif ic ill-
ness characterized by fe ver, chills, headache, malaise, myal-
gias, weakness, nonproductive cough, and some chest and/or
abdominal discomfort and may last from hours to a fe w days
(2,11,18,57,65). The initial phase may be follo wed by a short
latent period lasting hours to a fe w days. The second phase
manifests abruptly with sudden high fever, diaphoresis, acute
dyspnea, cyanosis, chest discomfort, and shock (1,2,26–28,41).
Stridor may be present due to e xtrinsic obstruction of the tra-
chea by lymphadenopathy, mediastinal widening, and subcuta-
neous edema of the chest and neck (11). The disease progresses
rapidly with hypotension, hypothermia, shock, and death oc-
curring within 24 to 36 hours. The differential diagnosis for in-
halational anthrax includes influenza and influenza-lik e ill-
nesses from other causes. The CDC has published the results of
a study comparing signs and symptoms of patients diagnosed
with inhalational anthrax, laboratory-confirmed influenza, and
influenza-like illnesses from other causes (66). In this study ,
sore throat and rhinorrhea were common in influenza and in-
fluenza-like illnesses, whereas they were rare in inhalational
anthrax (sore throat—20%, rhinorrhea—10%). Shortness of
breath was prevalent in the patients with inhalational anthrax
(80%) compared to only 8% in influenza, and 6% for in-
fluenza-like illnesses from other causes. Chest discomfort or
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pleuritic chest pain was present in 80% of the anthrax patients
and 35% of the influenza patients but only 23% of those suffer-
ing from influenza-like illnesses other than influenza (66).

Anthrax Meningitis. Hemorrhagic meningitis occurs in ap-
proximately 50% of inhalational anthrax cases and is belie ved
to develop as a result of the frank bacteremia (1,2,11,26–28,41).
Patients with anthrax meningitis are indistinguishable from
other forms of meningitis with patients exhibiting meningismus,
delirium, and obtundation (1,2,11, 26–28,41). The cerebrospinal
fluid is hemorrhagic in most cases, and polymorphonuclear
pleocytosis is present. Numerous lar ge, encapsulated, gram-
positive bacilli are seen under microscop y. Anthrax meningitis
is almost always fatal, despite intensive antibiotic therapy, with
death occurring 1 to 6 days after onset of illness (41).

LABORATORY STUDIES

Routine blood studies are nonspecific and do not aid the diag-
nosis. Physiologic sequelae of severe anthrax infection in ani-
mal studies include profound hypoglycemia, hypocalcemia,
hyperkalemia, respiratory acidosis, and terminal acidosis (11).
One of the more useful diagnostic tests is the standard aerobic
blood culture, which should grow in 6 to 24 hours (67). If lab-
oratory personnel have been notified of the suspicion of an-
thrax, biochemical testing and colony morphology should pro-
vide a preliminary diagnosis in 12 to 24 hours (11). If
cutaneous anthrax is suspected, a Gram stain and culture of
vesicular fluid should confirm the diagnosis (11). Sputum
Gram stain and culture are not likely to be diagnostic given the
lack of a pneumonic process with inhalational anthrax (40). A
peripheral blood smear should re veal gram-positive bacilli
with systemic anthrax if antibiotic therap y has not been initi-
ated. Immunohistochemical e xamination of fluid or tissue
specimens with direct fluorescence assay (DFA) staining for
the polysaccharide cell w all and capsule of B. anthracis will
confirm the diagnosis (Fig. 6-5) (11). Various advanced detec-
tion methodologies, such as time-resolved fluorescence (TRF)
and polymerase chain reaction (PCR) are a vailable at desig-
nated Laboratory Response Network (LRN) reference labora-
tories. Table 6-1 below was published by the Centers for Dis-
ease Control and Pre vention to clarify which diagnostic tests
for anthrax are available at various levels of the LRN (68).

Radiographic studies
Radiographic studies should pro ve quite useful in diag-
nosing inhalational anthrax, although signs often appear
late in active disease. The appearance of a widened medi-
astinum in a pre viously healthy patient with fe ver, myal-
gias, or dyspnea should suggest the diagnosis of inhala-
tion anthrax (Fig. 6-6) (69,70). Some patients present
with the additional finding of (hemorrhagic) pleural ef fu-
sions, air bronchograms, and/or consolidation (57). The
differential diagnosis of mediastinal widening includes
normal variant (fat or tortuous v essel), aneurysm, histo-
plasmosis, sarcoidosis, tuberculosis, and lymphoma (11).
In the anthrax attacks of 2001, radiographic studies were
key in making the diagnosis of inhalational anthrax. Each
of the first ten patients had abnormal chest x-rays, and the
eight patients who recei ved chest computed tomographs
(CTs) had abnormal results. CT imaging may re veal hy-
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Figure 6–5. Direct fluorescent antibody (DFA) stain of B. an-
thracis capsule at 1,000X magnification. Source: CDC-PHIL, 2002.

Figure 6–6. Posteroanterior chest radiograph of inhalational an-
thrax patient showing widened mediastinum on the 4th day of
illness. Source: CDC-PHIL, 1966.

perdense hilar and mediastinal adenopathy , mediastinal
edema, infiltrates, and pleural effusion (11).

Postmortem examination
A diagnosis of inhalational anthrax may be made on post-

mortem examination if hemorrhagic necrotizing thoracic lym-
phadenitis or mediastinitis are found in a pre viously healthy
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TABLE 6-1 Approved Tests for the Detection of Bacillus antracis in the Laboratory Response Network

LABORATORY LEVEL

TEST PROCEDURE A B C D

Gram stain (micromorphology) X x X x

Capsule (microscopic observation) X x X x

Routine culture:

1. Colonial morphology X x X x

2. Hemolysis X x X x

3. Motility X x X x

4. Sporulation (microscopic observation) X x X x

Confirmatory tests:

1. Lysis by gamma-phage ° x X x

2. Direct fluorescence assay (polysaccharide cell wall and capsule) ° x X x

3. Antimicrobial susceptibility testing ° ° X x

4. Advanced technology (e.g., time-resolved fluorescence testing, ° ° X x
polymerase chain reaction testing) 

5. Molecular characterization ° ° ° x

Gram stain
Routine staining procedure for observation of bacterial micromorphology.
Capsule
In Level A laboratories, India ink may be used to visualize encapsulated B. anthracis in clinical specimens by direct examination of peripheral
blood, cerebrospinal fluid, or cells grown on media supplemented with sodium bicarbonate. M’Fadyean stain (Level B) and DFA for capsular anti-
gen (Level B) may also be employed. Note that some avirulent strains, such as the veterinary vaccine Sterne strain, do not produce the capsule.
Routine culture
Standard 5% sheep blood agar (SBA) and chocolate agar will support growth. B. anthracis will not grow on MacConkey agar.
Colonial morphology
On SBA, after 15 to 24 hours incubation at 35° to 37°C, well-isolated colonies are 2 to 5 mm in diameter. The flat or slightly convex colonies are ir-
regularly round, with edges that are slightly undulate (irregular, wavy border), and have a ground-glass appearance. Colonies typically have a tena-
cious consistency; that is, teasing with an inoculating loop causes colony to “stand up” like beaten egg white.
Hemolysis
Colonies of B. anthracis are nonhemolytic. However, weak hemolysis may be observed under areas of confluent growth in aging cultures and
should not be confused with beta-hemolysis.
Motility
B. anthracis is nonmotile. Working in a biological safety cabinet (BSC) with gloves, prepare routine wet mount and observe microscopically. Alter-
natively, motility test medium may be used.
Sporulation
Spores will appear in a growing culture after 18 to 24 hours of incubation at 35° to 37° C in a non-CO2, atmosphere. Oval, central to sub-terminal
spores that do not appreciably swell may be observed by Gram stain (Level A), wet mount (Level B), or malachite green stain (Level B).
Lysis by gamma-phage
Highly specific for B. anthracis, and when demonstrated concomitantly with the presence of a capsule, provides confirmatory identification.
Direct fluorescence assay
Used to detect the galactose/N-acetylglucosamaine cell-wall-associated polysaccharide and capsule produced by vegetative cells of B. anthracis
strains. Concomitant demonstration of both antigens provides confirmatory identification.
Antimicrobial susceptibility testing
An array of selected antimicrobics is used to determine their respective minimum inhibitory concentrations using standardized methods against B.
anthracis.
Advanced technology
Various advanced detection methodologies include time-resolved fluorescence (TRF), polymerase chain reaction (PCR), etc. These may have future
applications within the LRN laboratories.
Molecular characterization
Various tests to determine the molecular characteristics of isolates are done. These include molecular subtyping using multi-locus variable-number
tandem repeat analysis (MLVA), sequencing of genes coding for 16S ribosomal RNA.
Serologic tests for potential exposure to B. anthracis are currently being validated and at this time their clinical utility is not known.
From U.S. Centers for Disease Control and Prevention web site. Approved tests for the detection of Bacillus anthracis in the Laboratory Response
Network (LRN). Available at: http://www.bt.cdc.gov/documentsapp/Anthrax/ApprovedLRNTests.asp. Last accessed on January 6, 2004.

http://www.bt.cdc.gov/documentsapp/Anthrax/ApprovedLRNTests.asp


adult (27). Hemorrhagic meningitis should also raise strong
suspicions of systemic anthrax infection (2,27,71). DFA stain-
ing of infected tissues should be diagnostic for the polysaccha-
ride cell wall and capsule of B. anthracis (11).

MEDICAL MANAGEMENT

NOTIFICATION

The U.S. Public Health Service requires that all suspected
cases of anthrax be reported to local and state health depart-
ments, and that the diagnosis be confirmed by the Centers
for Disease Control and Prevention or other LRN reference
laboratories (11). If a vailable, consult with hospital infec-
tious disease and infection control services for the latest rec-
ommendations on the care of patients with anthrax.

ISOLATION

Isolation is not required for patients suspected of having an
anthrax infection because there is no data to suggest the dis-
ease is contagious (1,2,11,23,26,41).

LABORATORY SPECIMENS

Blood, sputum, cerebral spinal fluid, pleural effusion, and
stool or wound specimens should be taken for laboratory study
as indicated by the clinical presentation before initiating an-
tibiotic therapy. Nasal swab testing for anthrax spores may be
used for epidemiological data but should not be used to rule
out disease or exposure (11,36). Laboratory personnel should
be notified of the possibility of B. anthracis so that steps are
taken not to re gard Bacillus species as benign and to ensure
specimens are processed in a minimum of a BSL2 (72).

ANTIBIOTIC TREATMENT

Recommendations for antibiotic treatment of anthrax in this
chapter are based on the comprehensive evaluation made by the
Working Group on Ci vilian Biodefense as published in the
Journal of the American Medical Association entitled, “Anthrax
as a Biological Weapon: Medical and Public Health Manage-
ment,” commonly referred to as the J AMA Consensus State-
ment on Anthrax (10). The Working Group was comprised of
experts on biological w arfare from the Center for Ci vilian
Biodefense Studies at Johns Hopkins, including Thomas V. In-
glesby, D.A. Henderson, and Tara O’Toole; specialists such as
David T. Dennis from the Centers for Disease Control and Pre-
vention; and Edward Eitzen, Arthur M. Friedlander, and Gerald
Parker from the U.S. Army Medical Research Institute of Infec-
tious Diseases (USAMRIID) (10). The Working Group pub-
lished an update of recommendations for management follo w-
ing the anthrax attacks of 2001 (11). The regimens stated here
are based upon the recommendations of both consensus state-
ments and the Centers for Disease Control and Pre vention. Al-
though these recommendations were based upon the evaluation
of the most up-to-date studies a vailable at the time, final selec-
tion of antibiotic therapy should be made based upon the clini-

cal situation and the most current medical information available.
This author recommends v erifying antibiotic selection with
available local infectious disease specialists and public health
authorities as well as those at the Centers for Disease Control
and Prevention (CDC). Links to these sources are pro vided at
the end of this chapter. Adjustments to antibiotic coverage
should be made based upon antibiotic susceptibility testing of
cultures taken from the patient prior to initiation of therapy (11).

The CDC recommendations for treatment of inhalational/
gastrointestinal and cutaneous anthrax are pro vided in Tables
6-2 and 6-3 (36). In general, the treatment of choice for anthrax
is ciprofloxacin or doxycycline for 60 days duration. Note that
distinctions have been made between contained casualty set-
tings, mass casualty settings, and postexposure prophylaxis. A
contained casualty setting is one in which a modest number of
patients require treatment. In such a setting, parenteral antibiotic
therapy is optimal. Ho wever, in the event of a deliberate act
using aerosolized anthrax spores resulting in mass casualties,
there will most lik ely be a shortage of intra venous antibiotics,
equipment, and hospital beds. In such a setting, recommenda-
tions for oral antibiotic therapies are pro vided. It remains un-
clear whether the use of two or more antibiotics provides a sur-
vival advantage; however, combination therapy is a v ery
reasonable treatment option in the f ace of life-threatening dis-
ease or when the possibility of a genetically engineered mul-
tidrug-resistant strain exists (10,11). When anthrax meningitis is
suspected, infectious disease specialists recommend using intra-
venous ciprofloxacin augmented with chloramphenicol, ri-
fampin, or penicillin (10,11). Doxycycline should not be used if
meningitis is suspected because of its lack of adequate central
nervous system penetration (57). Extended-spectrum cephalo-
sporins and trimethoprim/sulfamethoxazole should not be used
due to potential drug resistance.

PREGNANT WOMEN

The CDC and the Working Group recommend that pre gnant
women suspected of having anthrax be treated with the same
regimen for nonpregnant adults—ciprofloxacin 400 mg IV bid
in combination therap y for a contained attack, and 400 mg
orally every 12 hours for mass casualty settings and postexpo-
sure prophylaxis (11,75). If susceptibility testing allows, amoxi-
cillin 500 mg three times a day for 60 days may be substituted.
Available data indicate that ciprofloxacin use during pre gnancy
is unlikely to be associated with high risk for fetal malformation
or teratogenesis risk. Penicillins are generally considered safe
for use during pregnancy and should be substituted if suscepti-
bility testing indicates. The use of doxyc ycline during pre g-
nancy poses risks of liver toxicity in pregnant women and fetal
dental and bone defects and, therefore, should be reserved for
situations where use of other antibiotics is not feasible (11,35). 

BREASTFEEDING

Ciprofloxacin (and other fluoroquinolones), doxycycline
(and other tetrac yclines), and penicillin are secreted in
breast milk. Therefore, a breastfeeding w oman should be
treated or receive prophylaxis using the same antibiotic rec-
ommended for her infant based on the current pediatric
guidelines (11,76). Again, if susceptibility testing allo ws,
switch breastfeeding mother to penicillin.
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in infants and to discolor teeth in inf ants and children. The
Working Group recommends using doxycycline in children if
antibiotic susceptibility testing, exhaustion of drug supplies,
or adverse reactions preclude the use of ciprofloxacin
(10,11,76). If susceptibility testing permits, amoxicillin
should be used preferentially in children. The current anthrax
vaccine is licensed for use in persons aged 18 to 65 years
based on studies conducted on this age group (79). No similar
studies exist in children; however, based on experiences with
other inactivated vaccines, it is likely that the vaccine would
be safe and effective in children (Tables 6-2 and 6-3) (10,11).
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CHILDREN

Ciprofloxacin and other fluoroquinolones are generally
avoided in children younger than 16 years because of a risk of
permanent arthropathy in adolescent animals and transient
arthropathy in a small number of children. Ho wever, given
the risk of anthrax from a genetically engineered strain of B.
anthracis, the Working Group recommends that ciprofloxacin
be used as part of combination therap y in children with 
inhalational anthrax (10,11,76). The same holds true for
doxycycline, which has been shown to retard skeletal growth

TABLE 6-2 Inhalational Anthrax Treatment Protocola,b for Cases Associated with this Bioterrorism Attack

CATEGORY INITIAL THERAPY (INTRAVENOUS)c,d DURATION

Adults Ciprofloxacin 400 mg every 12 ha IV treatment initiallye. Switch to oral antimicrobial
or therapy when clinically appropriate:

Doxycycline 100 mg every 12 h f Ciprofloxacin 500 mg PO BID
and or

One or two additional antimicrobialsd Doxycycline 100 mg PO BID
Continue for 60 days (IV and PO combined)g

Children Ciprofloxacin 10–15 mg/kg every 12 hh,i IV treatment initiallye. Switch to oral antimicrobial
or therapy when clinically appropriate:

Doxycycline:a,i Ciprofloxacin 10–15 mg/kg PO every 12 hi

>8 yr and >45 kg: 100 mg every 12 h or
>8 yr and ≤45kg: 2.2 mg/kg every 12 h Doxycycline. j

≤8 yr: 2.2 mg/kg every 12 h >8 yr and >45 kg: 100 mg PO BID
and >8 yr and ≤45 kg: 2.2 mg/kg PO BID  

One or two additional antimicrobialsd ≤8 yr: 2.2 mg/kg PO BID
Continue for 60 days (IV and PO combined)g

Pregnant Womenk Same for nonpregnant adults (the high IV treatment initially. Switch to oral antimicrobial
death rate from the infection outweighs therapy when clinically appropriate.b Oral therapy
the risk posed by the antimicrobial agent) regimens same for nonpregnant adults.

Immunocompromised Same for nonimmunocompromised persons Same for nonimmunocompromised persons and
persons and children children.

a For gastrointestinal and oropharyngeal anthrax, use regimens recommended for inhalational anthrax.
b Ciprofloxacin or doxycycline should be considered an essential part of first-line therapy for inhalational anthrax.
c Steroids may be considered as an adjunct therapy for patients with severe edema and for meningitis based on experience with

bacterial meningitis of other etiologies.
d Other agents with in vitro activity include rifampin, vancomycin, penicillin, ampicillin, chloramphenicol, imipenem, clin-

damycin, and clarithromycin. Because of concerns of constitutive and inducible beta-lactamases in Bacillus anthracis, penicillin
and ampicillin should not be used alone. Consultation with an infectious disease specialist is advised.

e Initial therapy may be altered based on clinical course of the patient; one or two antimicrobial agents (e.g., ciprofloxacin or
doxycycline) may be adequate as the patient improves.

f If meningitis is suspected, doxycycline may be less optimal because of poor central nervous system penetration.
g Because of the potential persistence of spores after an aerosol exposure, antimicrobial therapy should be continued for 60 days.
h If intravenous ciprofloxacin is not available, oral ciprofloxacin may be acceptable because it is rapidly and well absorbed from

the gastrointestinal tract with no substantial loss by first-pass metabolism. Maximum serum concentrations are attained 1–2 h
after oral dosing, but may not be achieved if vomiting or ileus are present.

i In children, ciprofloxacin dosage should not exceed 1 g/day.
j The American Academy of Pediatrics recommends treatment of young children with tetracyclines for serious infections,
(e.g,. Rocky Mountain spotted fever).

k Although tetracyclines are not recommended during pregnancy, their use may be indicated for life-threatening illness. 
Adverse effects on developing teeth and bones are dose related; therefore, doxycycline might be used for a short time 
(7–14 days) before 6 months of gestation.

From U.S. Centers for Disease Control and Prevention. Symptoms and signs of inhalational anthrax, laboratory-confirmed influenza, and influenza-
like illness (ILI) from other causes. Notice to readers: considerations for distinguishing influenza-like illness from inhalational anthrax. MMWR. 9
November 2001:50(44);984–86.
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TABLE 6-3 Cutaneous Anthrax Treatment Protocola for Cases Associated with this Bioterrorism Attack

CATEGORY INITIAL THERAPY (ORAL)b DURATION

Adultsa Ciprofloxacin 500 mg BID 60 daysc

or
Doxycycline 100 mg BID

Childrena Ciprofloxacin 10–15 mg/kg every 12 h 60 daysc

(not to exceed 1 g/day)b

or
Doxycycline:d
>8 yr and >45 kg: 100 mg every 12 h
>8 yr and ≤45 kg: 2.2 mg/kg every 12 h
≤8 yr: 2.2 mg/kg every 12 h

Pregnant Womena,e Ciprofloxacin 500 mg BID 60 daysc

or
Doxycycline 100 mg BID

Immunocompromised Same for nonimmunocompromised persons 60 daysc

personsa and children

a Cutaneous anthrax with signs of systemic involvement, extensive edema, or lesions on the head or neck require intravenous
therapy, and a multidrug approach is recommended.

b Ciprofloxacin or doxycycline should be considered first-line therapy. Amoxicillin 500 mg PO TID for adults or 80 mg/kg/day
divided every 8 h for children is an option for completion of therapy after clinical improvement. Oral amoxicillin dose is based
on the need to achieve appropriate minimum inhibitory concentration levels.

c Previous guidelines have suggested treating cutaneous anthrax for 7–10 days, but 60 days is recommended in the setting of this
attack, given the likelihood of exposure to aerosolized B. anthracis.

d The American Academy of Pediatrics recommends treatment of young children with tetracyclines for serious infections (e.g.,
Rocky Mountain spotted fever).

e Although tetracyclines or ciprofloxacin are not recommended during pregnancy, their use may be indicated for life-threatening
illness. Adverse effects on developing teeth and bones are dose related; therefore, doxycycline might be used for a short time
(7–14 days) before 6 months of gestation.

From U.S. Centers for Disease Control and Prevention. Update: investigation of bioterrorism-related anthrax and interim guidelines for exposure
management and antimicrobial therapy. MMWR. 26 October 2001; 50(42): 909–919.

SUPPORTIVE THERAPY

Toxin-mediated morbidity is a major complication of sys-
temic anthrax. Corticosteroids ha ve been suggested as ad-
junct therapy for inhalation anthrax associated with extensive
mediastinal edema, respiratory compromise, and meningitis
(36,41). If significant pleural effusions exist, they should be
drained, often leading to significant clinical improvement
(11). Pleural effusions are usually recurrent and hemorrhagic
so chest tubes should be left in place. A rational case could be
made for the use of passi ve immunization with anthrax anti-
toxin in addition to antibiotics therap y with serious cases of
anthrax, but no appropriate antitoxin is commercially a vail-
able (1). Finally, the correction of electrolyte and acid-base
imbalances, glucose infusion, vasopressor administration,
and early mechanical ventilation may prove helpful (11).

POSTEXPOSURE PROPHYLAXIS

Prophylaxis is indicated for persons e xposed to an air-
space contaminated with aerosolized B. anthracis. Pro-

phylaxis is not indicated for patient contacts (household
contacts, friends, coworkers) unless it has been deter-
mined that they have been similarly exposed to anthrax
spores. Prophylaxis is not indicated for health care and
mortuary workers who attend to patients or corpses using
standard precautions, or for the pre vention of cutaneous
anthrax (10). The U.S. F ood and Drug Administration
(FDA) has approved three antibiotics for use in reducing
the incidence or progression of anthrax after e xposure to
aerosolized B. anthracis: ciprofloxacin, doxycycline, and
amoxicillin (73,74). Ciprofloxacin or doxycycline are the
drugs of choice (11); amoxicillin is an option for children
and pregnant or lactating women exposed to strains of B.
anthracis that are susceptible to penicillin to avoid poten-
tial toxicity of quinolones and tetrac yclines (36,75,76).
The Advisory Committee on Immunization Practices
(ACIP) recommends that the duration of postexposure an-
timicrobial prophylaxis should be 60 days if used alone in
unvaccinated persons (74). After the anthrax attacks of
2001, the U.S. Department of Health and Human Services
announced additional options for prophylaxis of inhala-
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tional anthrax for individuals who wish to tak e extra pre-
cautions, especially those with high levels of exposure
(77). Three options are now offered: (a) 60 days of antibi-
otic prophylaxis, (b) 100 days of antibiotic prophylaxis,
or (c) 100 days of antibiotic prophylaxis, plus the anthrax
vaccine as an in vestigational new drug (IND) gi ven in
three doses over 4 weeks (76,78).

ANTHRAX VACCINE

Anthrax Vaccine Absorbed (AVA), manufactured under
the trademark BioThrax by BioPort Corporation in Lans-
ing, Michigan, is the only licensed human anthrax vaccine
in the United States (74). The vaccine is derived from
sterile culture fluid supernatant tak en from an attenuated
strain of B. anthracis (79). The filtrate contains a mix of
cellular products including all three toxin components—
PA, EF, and LF—and does not contain live or dead organ-
ism (80,81). The vaccine series consists of six 0.5-mL
doses given subcutaneously at 0, 2, and 4 weeks, with
three booster vaccinations given at 6, 12, and 18 months.
The duration of efficacy of AVA in humans is unknown,
so the manuf acturer recommends an annual booster in
order to maintain immunity (79). Contraindications to
vaccination include a pre vious anthrax infection or an
anaphylactic reaction following a previous dose of AVA or
any of the v accine components (74). The vaccine is cur-
rently available to members of the military, hazmat or de-
contamination team members, and veterinarians, labora-
tory workers, and livestock handlers whose w ork place
them at high risk for contact with anthrax. The ACIP also
recommends BioThrax for poste xposure prophylaxis in a
three-dose regimen (0, 2, 4 weeks) in combination with
antimicrobial postexposure prophylaxis under an IND ap-
plication with the FD A for unvaccinated persons at risk
for inhalational anthrax (11,82,83).

TRIAGE CONSIDERATIONS

� Who gets seen first? The decision should be based
on established emergency department protocols.
Generally, those patients with signs or symptoms
of inhalational or gastrointestinal anthrax should
be seen ahead of stable patients with cutaneous
anthrax.

� Who needs isolation? Anthrax is not contagious 
and patients do not require isolation. Patients 
with suspected or diagnosed anthrax should be 
handled with standard (universal) precautions.

� Who gets antibiotics? Any patient suspected or con-
firmed to have infection with anthrax will need to
be treated with antibiotics. Those patients believed
to have inhalational, gastrointestinal, or serious 
cutaneous anthrax should be treated with intra-
venous ciprofloxacin if available. Those individuals
believed to have had contact with anthrax spores
should receiveprophylactic antibiotic therapy.

� Who needs admitting? Patients with inhalational or
gastrointestinal anthrax will need hospitalization.
Those with cutaneous anthrax should be admitted
based upon the seriousness of their condition and
the availability of hospital beds in the event of a
major outbreak or biological attack. Individuals 
exposed to anthrax spores, but in stable condition,
should be able to be discharged with appropriate
oral antibiotic therapy with close follow-up.

PERSONAL PROTECTION

INFECTION CONTROL AND
DECONTAMINATION

Standard (Universal) Precautions. All persons who
come in close contact with suspected or conf irmed cases of
anthrax should use the CDC Guidelines for Standard (Uni-
versal) Precautions (84,85). Exposure to the source of an-
thrax spores requires specialized protection. Both OSHA
and the CDC recommend a NIOSH-certified Class-95 respi-
rator or better. Refer to OSHA, NIOSH, or the CDC before
selecting a respirator for potential occupational exposure. 

Laboratory Biosafety. A minimum of BSL2 practices,
containment equipment, and facilities are recommended for
activities using clinical materials and diagnostic quantities
of anthrax (86).

Post Mortem. Bodies of patients who ha ve died from an-
thrax infection should be handled with routine strict precau-
tions by trained personnel. Safety precautions for the trans-
port of the dead for burial should be the same as those when
transporting ill patients. Postmortem aerosol-producing pro-
cedures (e.g., sawing bone) are not recommended, but when
necessary, they should be carried out using high-ef ficiency
particulate filtered masks and ne gative-pressure rooms as is
customary when dealing with Mycobacterium tuberculosis
or similar microbes. If autopsies are performed, all instru-
ments and materials should be autocla ved or incinerated.
Embalming of bodies is potentially associated with special
risks, and consideration should be given to cremation (11).

Decontamination. Hospital rooms, emergency depart-
ment examination areas, reusable instruments, clothing, and
linens should undergo terminal cleaning after being used by
a suspected or conf irmed anthrax patient, in accordance
with standard precautions and hospital protocol (11). See
CDC Guidelines for En vironmental Infection Control in
Health-Care Facilities for specifics (87). Decontamination
may be accomplished using an y Environmental Protection
Agency (EPA)-approved hospital disinfectant; however, an-
thrax spores are extremely hardy and complete sterilization
often requires specialized materials and e xpertise. Iodine
can be used, but it must be used at disinfectant strengths, as
antiseptic-strength iodophors are not usually sporicidal (23).
Hypochlorite solution has been used successfully as a spori-
cidal agent, and boiling w ater for 10 minutes can reduce
spore counts by at least 106-fold (88).
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SUMMARY 

Disease: ANTHRAX: cutaneous, gastrointestinal, and in-
halational.

Organism: Spore-forming bacterium, Bacillus anthracis.

Reservoir: Spores in the soil with near worldwide distribu-
tion.

Transmission: Anthrax is not contagious; human-to-human
transmission has not been documented. Transmission to hu-
mans occurs following contact with anthrax spores. Cuta-
neous anthrax develops from contact with infected animals
and contaminated animal products (to include hides, wool, or
bone-meal fertilizer). Gastrointestinal anthrax develops after
eating uncooked meat contaminated with anthrax spores. In-
halational anthrax historically was transmitted after breathing
an appropriate inoculum of anthrax spores in the air, often
disseminated from contaminated animal furs. Deliberate
transmission of anthrax is possible using spores and could 
be used to inflict all three types of anthrax.

Incidence of naturally occurring anthrax: Naturally occur-
ring anthrax occurs infrequently in the United States. There 
is usually one or fewer cases of human anthrax a year in the
United States, typically along the Cattle Belt of the Great
Plains, which results in a case of cutaneous anthrax. There-
fore, hospital and public health authorities should be notified
immediately of any suspected or confirmed cases of anthrax.

Mortality rate: The mortality rate for untreated inhalational
anthrax approaches 100%. The mortality rate can be reduced
if appropriate antibiotic therapy is initiated within 48 hours
of exposure, but it may still be as high as 90% (1,2,23,48).
The mortality rate for the 2001 anthrax attack was 50% with
therapy (10,34). The case fatality rate for gastrointestinal an-
thrax is unknown, but it is estimated to be 25% to 60%. Cuta-
neous anthrax is the least severe with a mortality rate of 10%
to 20% for untreated cases, and it should be less than 1%
with treatment. Anthrax meningitis has been invariably fatal.

Incubation period: The incubation period for anthrax de-
pends upon the route of exposure and the size of the inocu-
lum, typically in the range of 1 to 7 days following exposure
to spores. However, development of inhalational anthrax has
occurred as early as a few hours and as late as 2 months fol-
lowing exposure. Most inhalational anthrax cases present
within 48 hours following exposure (25–28,85).

Major signs and symptoms:

� All: Fever, malaise, headache, myalgias, and weakness.
� Cutaneous: Painless, pruritic papule that becomes vesicu-

lar, ruptures, ulcerates, and forms a depressed, black es-
char. Surrounding edema may be quite prominent.

� Gastrointestinal: Nausea, vomiting, bloody diarrhea, and
abdominal pain. Oropharyngeal anthrax presents with
sore throat, neck swelling, dysphagia, and occasionally
respiratory distress.

� Inhalational: Nonproductive cough, dyspnea, chest pain,
hemoptysis, with rapidly progressive respiratory failure.

� Diagnosis: Physical findings are nonspecific, and routine
blood or urine studies are not helpful. The organism is de-
tectable by Gram stain and culture of the blood, CSF, pleu-
ral fluid or wound aspirate prior to the administration of 
antibiotic therapy. Radiographic studies are quite helpful
with the diagnosis of inhalational anthrax. A widened medi-
astinum may be seen on CXR in later stages of illness. 
Definitive diagnosis is made via demonstration of lyses 
by gamma-phage, DFA of the polysaccharide cell wall and
capsule, time-resolved fluorescence, polymerase chain 
reaction, and molecular characterization at upper level 
laboratories within the LRN.

� Treatment: Notify public health authorities as soon as anthrax
is suspected. Early administration of antibiotic therapy (after
collection of laboratory specimens) is crucial. The drugs of
choice for inhalation anthrax are ciprofloxacin 400 mg or
doxycycline 100 mg IV every 12 hours in a contained casualty
setting (10,11). The duration of treatment with antibiotics
should be for a minimum of 60 days. If the strain is shown to
be susceptible, Penicillin-G IV may be substituted. In mass
casualty situations where intravenous therapy is not feasible,
oral ciprofloxacin may be prescribed. Children generally re-
ceive the same medications as adults (ciprofloxacin 20 to 40
mg/kg/day divided into two daily doses not to exceed 1
g/day); doxycycline is not generally recommended for chil-
dren or pregnant or lactating women. 

� Prophylaxis: Prophylactic antibiotic treatment is recom-
mended for individuals with a history of exposure to anthrax
spores. The preferred regimen is ciprofloxacin twice daily for
60 days. The anthrax vaccine may be available for concomi-
tant prophylactic therapy in a three-dose regimen under IND
application with the FDA.

� Personal protection: When possible, decontaminate the pa-
tient outside the treatment facility according to accepted haz-
mat standard operating procedures. Once decontaminated,
use CDC-recommended standard universal precautions for all
suspected or confirmed cases of anthrax. 

� Isolation and decontamination: Health care workers
should use standard precautions when contact with a 
potentially infected patient exists. After an invasive 
procedure or autopsy is performed, the area used should
be thoroughly disinfected with a sporicidal agent such as
hypochlorite solution, and instruments should be auto-
claved to kill spores completely.

� Vaccine: AVA, a cell-free anthrax vaccine licensed under the
trade name BioThrax, is available to members of the mili-
tary, laboratory workers, and livestock workers who are at
significant risk of exposure to anthrax. The vaccine is given
in six doses at 0, 2, 4 weeks and 6, 12, 18 months. BioThrax
is also recommended as postexposure prophylaxis, in con-
junction with appropriate antibiotic therapy, as an emer-
gency IND (82). The vaccine is available in a three-dose
regimen (0, 2, 4 weeks) with postexposure prophylactic an-
tibiotic therapy; use of the anthrax vaccine alone is not rec-
ommended for postexposure prophylaxis. 
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QUESTIONS AND ANSWERS

1. Anthrax occurs endemically in all of the following
populated continents EXCEPT:

A. Europe
B. North America
C. South America
D. Australia
E. Asia

2. What is the most common clinical form of anthrax?
A. Meningitic
B. Gastrointestinal
C. Inhalational
D. Cutaneous
E. Oropharyngeal

3. Each of the following statements regarding inhala-
tional anthrax is true EXCEPT:

A. Gastrointestinal symptoms may be present.
B. Patients usually present within 48 hours of expo-

sure.
C. A true pneumonia is not usually present.
D. Mediastinal widening is noted on chest radiograph

in late stage disease.
E. It is often transmitted from person to person.

4. According to the Working Group on Civilian Biode-
fense (JAMA Consensus Statement on Anthrax), what
is the drug of choice for initially treating an isolated
case of inhalation anthrax in an adult?

A. Erythromycin
B. Trimethoprim-Sulfamethoxazole
C. Ciprofloxacin
D. Amoxicillin
E. Streptomycin

ANSWERS
1: D. Australia
2: D. Cutaneous
3: C. A true pneumonia is not usually present.
4: C. Ciprofloxacin
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Plague
Anthony J. Carbone

NAME OF AGENT

Disease: Plague; Organism: Yersinia pestis.

MICROBIOLOGY

The disease known as plague is caused by Yersinia pestis, a
bacterium of the Enterobacteriaceae f amily. The plague
bacillus is a small, ovoid, nonmotile, nonspore-forming,
nonlactose-fermenting, gram-negative, rod-shaped bacterium.
Bipolar uptake occurs when using Wayson, Wright, Giemsa,
methylene blue, and occasionally gram-stained prepara-
tions, revealing the classic “safety pin”-shaped coccobacilli
under magnification (Fig. 7-1) (1,2)

THEORETICAL AND SCIENTIFIC
BACKGROUND

BRIEF HISTORY

Plague is a zoonotic disease (animal disease that is naturally
communicable to humans) caused by the bacterium Yersinia
pestis. Plague has been responsible for three great pan-
demics of human disease occurring in the 6 th, 14th, and 20th

centuries of the modern era, resulting in the deaths of mil-
lions and changing the course of history (3). 

The first pandemic, known as the Justinian Plague, began in
the port cities of Egypt in 541 A.D. and spread throughout the
Mediterranean basin, the Middle East, and Europe, killing an
estimated 50% to 60% of the population before it ran its course
in 545 A.D. and decimated the Eastern Roman Empire (4).

The second plague pandemic, known as the Black Death,
is believed to have originated in Mongolia around 1320 and
spread throughout the occupied w orld over the ne xt 130
years killing approximately one-third of the world’s popula-
tion at the time (5–7).

Figure 7–1. Gram stain. Yersinia pestis, gram-negative bacillus at
1,000X. (From Centers for Disease Control-PHIL; Date: 2002.) 

The third plague pandemic erupted in China in 1855,
killing 12 million people in China and India alone, before
reaching San Francisco’s Chinatown in 1900 (8). During
the next 4 years 121 people in California were infected,
killing all but three. A secondary plague epidemic erupted
in San Francisco in 1907 with 160 cases and 77 deaths
(9). Since the San Francisco epidemics, plague has been
endemic in the United States, predominantly in the south-
western states.

Because of plague’s legacy of death, devastation, and
fear, armies throughout the centuries have tried to exploit
Yersinia pestis as a weapon of w ar. The first documented
use of plague as a military weapon was during the siege of
Kaffa, a Crimean port city on the Black Sea, during the
year 1346. The besieging Tartars catapulted the corpses of
their own plague victims into the city . The Genoese fled
Kaffa and returned to Italy bringing plague along with
them and very likely starting the Black Death in Europe
(10–13). This practice was repeated as late as late as 1710
when the Russians used the same tactic against the
Swedes in the Russian-Swedish War of 1700–1725 during
the Siege of Revel (14). 



During the 1930s and 1940s, the Japanese Imperial Army
experimented with plague within its secret biological
weapons program in occupied Manchuria. Approximately
3,000 scientists under the direction of Japanese General
Ishii Shiro, a military physician and microbiologist who was
fascinated with plague, worked to weaponize Yersinia
pestis. Japanese Unit 731 operated a plague flea f actory in
Manchuria with 4,500 breeding machines, producing about
100 million plague-infected fleas e very few days. The
Japanese Unit 100 reportedly dropped plague-infected fleas
over China resulting in a number of plague outbreaks where
none had previously occurred (15–17).

The United States studied plague as a potential weapon
in the 1950s before its offensive program was terminated by
President Richard Nixon in 1969 (18). In 1972 the United
States, the Soviet Union, and one hundred other countries
signed the Biological Weapons Convention (19). Shortly
after the treaty was signed, the Soviet government initiated a
massive clandestine offensive biological weapons program
under the name Biopreparat that researched, weaponized,
tested, produced, and stockpiled tons of deadly biological
agents, including a multidrug-resistant weaponized form of
plague that could be easily aerosolized (20,21).

EPIDEMIOLOGY OF NATURALLY
OCCURRING PLAGUE

Naturally occurring plague is primarily a disease of ro-
dents, which is transmitted to humans in sporadic cases
and epidemics. Natural infestation occurs in a variety of
susceptible host rodents such as the inf amous Rattus
rattus (22), the black house and ship rat, and other ani-
mals including ground and tree squirrels, prairie dogs,
and carnivores such as coyotes, bobcats, dogs, and cats
(23). Plague is a naturally occurring enzootic infection
of rats, prairie dogs, and other rodents on e very popu-
lated continent except Australia (24). On average, there
have been approximately 1,700 cases a year reported
worldwide in the past 50 years (25). India experienced a
major plague outbreak in 1994 in the industrial city of
Surat following a severe earthquake. When it was over,
56 people were reported to ha ve died from plague,
while some 6,500 indi viduals were treated with antibi-
otics (Fig. 7-2) (26).

Plague has been endemic within the continental United
States since it w as first observed in California in 1907
(27,28). The last major outbreak of plague in the United
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Figure 7–2. World distribution of plague, 1998. (From CDC plague web site, Division of Vector-Borne Infectious Diseases, Centers for
Disease Control and Prevention, Atlanta, GA. Available at: http://www.cdc.gov/ncidod/dvbid/plague/epi.htm.)

http://www.cdc.gov/ncidod/dvbid/plague/epi.htm


States occurred in Los Angeles in 1924–1925 when 40
people were infected and only tw o survived (29). The Cen-
ters for Disease Control and Prevention (CDC) report an av-
erage of 13 cases of plague annually with the majority of
cases occurring within the four southwestern states of Ne w
Mexico, Arizona, Colorado, and California (Fig. 7-2). In a
1997 study published by the CDC, 390 cases of plague were
reported in the United States from 1947 to 1996. Of these

cases, 84% were reported as bubonic, 13% were septicemic,
and 2% were pneumonic plague; case f atality rates were
14%, 22%, and 57%, respectively (30). 

Most cases of plague in humans occur in the summer
months when the risk for exposure to infected fleas is great-
est (31). Most cases of plague in the United States ha ve
been in men younger than 20 years old (32), and occurred
within a 1-mile radius of their homes (Fig. 7-3) (33).
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Figure 7–3. Reported human plague cases by county: United States, 1979–1997. (From CDC
plague web site, Division of Vector-Borne Infectious Diseases, Centers for Disease Control and
Prevention, Atlanta, GA. Available at: http://www.cdc.gov/ncidod/dvbid/plague/epi.htm.)
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TRANSMISSION

Infected Fleas
Although plague bacilli can be found in the feces and
urine of infected animals, and one can become infected by
feeding upon or e ven handling the flesh of infected ani-
mals, human plague is most commonly transmitted by in-
fected fleas (34–36). Historically , the oriental rat flea,
Xenopsylla cheopis, is believed to have been lar gely re-
sponsible for the spread of bubonic plague (37); however,
some 200 species of animals and 80 species of fleas ha ve
been associated with plague transmission worldwide (38).
The most important vector of human plague in the United
States is the flea Diamanus montanus, the most common
flea on rock squirrels and California ground squirrels
(39). Plague vector fleas prefer the blood of their rodent
hosts, but if the rodent population begins to thin, the fleas
will switch to human hosts for survival. Large numbers of
rodents usually die off prior to human epidemics, precipi-
tating the transfer of the flea population from its natural
rat reservoir to humans (Fig. 7-4) (40).

case of human-to-human transmission of plague in the
United States occurred during the Los Angeles epidemic
of 1924 (46).

Deliberate Aerosol Attack
The deadliest method of transmission w ould be via a deliber-
ate attack using aerosolized plague over a large area. Japanese
General Ishii Shiro attempted to initiate plague outbreak o ver
China during World War II using ceramic bombs f illed with
plague-infected human fleas, Pulex irritans, to target humans
directly with the hope of creating a plague outbreak (47–50).
During the 1970s and 1980s, the Soviet Union’s secret biolog-
ical weapons (BW) program perfected the methodology by
first developing a multidrug-resistant plague bacillus and then
weaponizing the agent so that it could be preserved and stored
into a variety of warheads and aerosolized easily when over a
target area (51,52). Despite the f all of the So viet Union, and
the reported dismantling of the BW program, this method of
aerosol transmission poses the greatest threat to mass casual-
ties of pneumonic plague today.

PATHOGENESIS IN NATURALLY
OCCURRING PLAGUE

In the majority of cases of naturally occurring plague, a flea
such as Xenopsylla cheopis survives by living off of a host
rodent like the ground squirrel. If the rodent is infected with
plague, the flea draws viable Yersinia pestis organisms into
its esophagus during a feed. The bacteria then multiply in
the flea’s stomach. If the host rodent dies, it looks for new
hosts and this is when man is most lik ely to be bitten by an
infected flea. When the flea bites the skin of a person and
begins to feed, plague bacilli are mix ed with the blood
drawn from the host and re gurgitated into the bite. The flea
may also discharge infected feces into the bite wound (53).

The flea’s bite leads to an inoculation of up to thousands
of plague bacilli into the victim’ s skin. [As fe w as 1 to 10
Yersinia pestis organisms are sufficient to infect rodents and
primates via oral, subcutaneous, intradermal, and intra-
venous routes (54).] The bacteria infiltrate through the cuta-
neous tissue into the cutaneous lymphatic v essels and de-
posit into re gional lymph nodes where the y are
phagocytosed but resist destruction. During the incubation
period, lasting 2 to 8 days, the bacteria multiply rapidly
causing suppurative lymphadenitis, which manifests as the
characteristic bubo. 

Without treatment, the lymph node architecture is de-
stroyed resulting in bacteremia and septicemia spreading
plague to other organs (55,56). The tissues most commonly
infected include the spleen, liver, lungs, skin, and mucous
membranes (57). The endotoxin of Yersinia pestis con-
tributes to the development of septic shock in a manner simi-
lar to other forms of gram-negative sepsis leading to dissem-
inated intravascular coagulation, shock, and coma (58,59). 

Much less is understood about the pathogenesis of pneu-
monic plague. Estimates of infecti vity via the respiratory
route are in the range of 100 to 500 or ganisms for primary
pneumonic plague (60,61). Secondary pneumonic plague
occurs in untreated cases of bubonic plague that lead to sep-
ticemia and seeding of pulmonary tissue.
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Figure 7–4. The oriental rat flea, Xenopsylla cheopis, is one of
the major vectors responsible for transmitting plague between
animals and man. (From Centers for Disease Control-PHIL; date
unknown.) 

Direct Contact
Plague can be transmitted directly to humans by handling
an infected animal, dead or alive, or by stumbling into an
infected animal’s nest while walking. Rock squirrels and
California ground squirrels are kno wn to infect man via
direct contact and fleas. Fur trappers often de velop
plague via direct contact while skinning infected animals
(41–44).

Human-to-Human Transmission
Human-to-human transmission of plague is rare, but it
can occur from close contact with patients coughing from
pneumonic plague. Respiratory transmission is thought
to occur more ef ficiently via lar ger droplets or fomites
rather than from small-particle aerosols (45). The last



CLINICAL FORMS OF PLAGUE

1. Bubonic Plague: In the United States, most patients
(approximately 85%) with human plague present
clinically with the bubonic form. Bubonic plague
arises from the bite of an infected flea and the bacte-
ria become localized in an inflamed lymph node
(femoral, inguinal, or axillary depending upon the 
site of the bite) where the bacteria replicates.

2. Septicemic Plague: A smaller number of patients (ap-
proximately 15%) will develop gram-negative sepsis
without evidence of a bubo in what is termed “pri-
mary septicemic plague.”

3. Pneumonic Plague: Primary pneumonic plague oc-
curs from the inhalation of Yersinia pestis bacteria
passed from humans or cats suffering with pneu-
monic plague (approximately 2% of all cases). This is
the form of plague that would be expected following
a deliberate attack using aerosolized Yersinia pestis
and is nearly always fatal if not treated quickly. Sec-
ondary pneumonic plague arises from poorly treated
bubonic or septicemic plague when Yersinia pestis
bacteremia seeds pulmonary tissues.

4. Plague Meningitis: Plague meningitis is seen in 6%
to 7% of all cases of plague, usually in children fol-
lowing ineffective treatment. Symptoms are similar to
other forms of acute bacterial meningitis. 

5. Pharyngeal Plague: On extremely rare occasions,
individuals may develop a plague pharyngitis follow-
ing the inhalation or ingestion of plague bacilli. Pha-
ryngeal plague mimics tonsillitis associated with cer-
vical lymphadenopathy (the cervical bubo). 

INCUBATION PERIODS

The incubation period for bubonic plague from flea bites
is 2 to 8 days before symptoms de velop. The incubation
period for septicemic plague can be shorter at 1 to 7
days. The incubation period for pneumonic plague fol-
lowing respiratory exposure to an aerosol is usually 2 to
4 days (62).

MORTALITY RATES

The mortality rate of plague v aries based upon a v ariety
of factors including the mode of inoculation, the amount
of bacterial inoculation, the age and health of the infected
person, and whether or not the agent is natural or has
been genetically engineered (63,64). The historical mor-
tality rate of untreated bubonic plague is approximately
60%, with death occurring within 10 days of onset
(65,66). The mortality rate for b ubonic plague drops to
less than 5% with early appropriate antibiotic therap y
(67), whereas untreated septicemic and pneumonic
plague have mortality rates of nearly 100%. In f act, even
with modern antibiotic therap y, survival is unlik ely if
treatment is delayed more than 18 hours follo wing respi-
ratory exposure (68).

PLAGUE FOLLOWING DELIBERATE USE AS
A BIOLOGICAL WEAPON

Clinicians and public health officials need to realize that the
epidemiology of disease for a deliberate attack using plague
as a biological weapon w ould differ substantially from a
naturally occurring outbreak of plague. Intentional dissemi-
nation of plague will most lik ely involve the use of an
aerosol of Yersinia pestis in order to inflict large numbers of
casualties with deadly pneumonic plague. Victims of such
an attack would present with symptoms resembling a host
of other severe respiratory diseases making the initial diag-
nosis of plague difficult. 

The indications that plague had been intentionally dis-
seminated would include (a) the presence of plague in areas
not known to have endemic enzootic infection, (b) the ab-
sence of prior rodent deaths, and (c) severe rapidly progres-
sive respiratory disease in a number of pre viously healthy
individuals, suggestive of pneumonic plague.

SIGNS AND SYMPTOMS

BUBONIC PLAGUE

The pathognomic sign of b ubonic plague is a v ery painful,
swollen, warm-to-touch, lymph node called a bubo. This sign
accompanied with fever, malaise, exhaustion, and a history of
possible exposure to rodents, fleas, wild rabbits, or sick or dead
carnivores should lead to the suspicion of plague. 

Patients typically develop symptoms of bubonic plague 2 to
8 days following the bite from an infected flea. There is usually
sudden onset of fe ver, chills, and weakness, followed by the
formation of the tell-tale b ubo up to one day later (69). Since
fleas usually bite a person on the lo wer extremities, femoral
and inguinal buboes are most common. Infections from skin-
ning infected animals usually produce axillary buboes. 

Buboes can grow from 1 to 10 cm in size and can be so
painful that they prevent the patient from mo ving the effected
site (70). The overlying skin is erythematous, warm, and ex-
tremely tender. There is often a considerable amount of
surrounding edema, but rarely lymphangitis. The buboes are
usually nonfluctuant, but may point, ulcerate, and drain spon-
taneously. Rarely, necrosis is present at which point the b ubo
will require incision and drainage (71,72). Approximately 4%
to 10% of bubonic plague patients are reported to have a visi-
ble ulcer or pustule at the flea inoculation site (73,74). Buboes
usually recede in 10 to 14 days if treated appropriately with
antibiotics and generally do not require incision and drainage
beyond diagnostic aspiration (Figs. 7-5 to 7-7) (75).

SEPTICEMIC PLAGUE

A small portion of patients who ha ve been bitten by an in-
fected flea develop Yersinia pestis septicemia without a dis-
cernable bubo in the form of the disease kno wn as primary
septicemic plague (76). Septicemia can also de velop sec-
ondary to bubonic plague in what is termed secondary sep-
ticemic plague (77). 
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Figure 7–5. Femoral bubo. This plague patient is displaying a
swollen, ruptured inguinal lymph node, or bubo. (From Centers
for Disease Control-PHIL; Date: 1993.) 

Figure 7–6. Axillary bubo. An axillary bubo and edema exhib-
ited by a plague patient. (From Centers for Disease Control-
PHIL; Date: 1962.)

Figure 7–7. Cervical bubo. Plague patient whose symptoms in-
clude this swollen, ulcerated cervical lymph node. (From Cen-
ters for Disease Control-PHIL; Date: 1993.) 

Frequently, the plague infection spreads hematogenously
resulting in capillary fragility and causing cutaneous petechiae
and ecchymoses, which can mimic meningococcemia (78).
Plague septicemia can produce small artery thromboses in the
acral vessels of the nose and digits, resulting in gangrene and
complete necrosis (79). Black necrotic appendages and more
proximal purpuric lesions caused by endotox emia are often
present (80). These signs are believed to be responsible for the
term “black death” during the second plague pandemic (81).
Unfortunately, the late finding of acral gangrene will not be
helpful in the early diagnosis of plague when life-sa ving an-
tibiotics should be given (Figs. 7-8 and 7-9) (82).

Figure 7–8. Petechiae and purpura. Capillary fragility is one of
the manifestations of a plague infection, evident here on the
leg of an infected patient. (From Centers for Disease Control-
PHL; Date: 1954.) 

Figure 7–9. Acral gangrene. This patient presented with symp-
toms of plague that included gangrene of the right hand caus-
ing necrosis of the fingers. (From Centers for Disease Control-
PHL; Date: 1975.) 

PNEUMONIC PLAGUE

Symptoms of pneumonic plague be gin after an incubation
period of 1 to 6 days (a verage of 2 to 4 days) and include
sudden-onset of high fe ver, chills, headache, malaise fol-
lowed by cough, often with hemoptysis, chest pain, and dys-
pnea (83–85). Patients develop progressive dyspnea, stridor,
and cyanosis. Patients with terminal pneumonic or septic
plague develop livid cyanosis (86,87). Death results from
respiratory failure, circulatory collapse, and bleeding diathe-
sis if the condition was not diagnosed early and treated prop-
erly (88). During pre-antibiotic era epidemics, the average
time from respiratory e xposure to death from pneumonic
plague in humans is reported to be from 2 to 4 days (89). 



Primary pneumonic plague rarely occurs in the United
States. There have been two such cases in the United States
in the past 20 years, both occurring after handling domestic
cats with pneumonic plague. Both patients complained of
typical pneumonic symptoms, but they also complained of
prominent gastrointestinal symptoms of nausea, vomiting,
abdominal pain, and diarrhea. Diagnosis was delayed more
than 24 hours after symptom de velopment in both cases,
and both patients died (90,91).

PLAGUE MENINGITIS

Plague bacilli can spread hematogenously to the central
nervous system if appropriate antibiotic therapy is not ini-
tiated soon enough. The resulting plague meningitis with
fever, meningismus, and other meningeal signs is indistin-
guishable from meningococcemia (92). Plague meningitis
occurs in approximately 6% of septicemic and pneumonic
cases (93).

DIFFERENTIAL DIAGNOSIS

Diagnosis of plague is based primarily on clinical suspi-
cion. An acutely ill patient complaining of sudden onset
of fever, headache, malaise, and a painful, enlarged mass
in the groin or axilla (especially if in an endemic area or
following exposure to rodents, rabbits, or fleas) should
lead to the presumptive diagnosis of bubonic plague. The
differential diagnosis for b ubonic plague includes tu-
laremia, cat scratch fe ver, lymphogranuloma venereum,
chancroid, scrub typhus, and other staphylococcal and
streptococcal infections. Diagnosis can be aided by Gram
staining aspirate from the bubo.

The differential diagnosis of septicemic plague should
include meningococcemia, other gram-negative sepsis, and
the rickettsioses.

The diagnosis of pneumonic plague is usually much
more complicated because a plague aerosol is colorless,
odorless, and tasteless. There will not have been an explo-
sion or gas cloud to announce the presence of lethal agent
in the air. And the development of symptoms w ould not
occur for 1 to 3 days. The patient who presents with sys-
temic toxicity, a productive cough with bloody sputum
can lead to a lar ge differential. However, the sudden ap-
pearance of large numbers of pre viously healthy patients
with severe, rapidly progressive pneumonia with hemop-
tysis should strongly suggest pneumonic plague and a de-
liberate bioterrorist attack (94). Demonstration of gram-
negative rods in the patient’ s sputum should readily
suggest pneumonic plague because Yersinia pestis is the
only gram-negative bacterium that can cause e xtensive,
fulminate pneumonia with bloody sputum in an otherwise
healthy, immunocompetent patient (95).

LABORATORY STUDIES

Routine Blood Studies
Routine blood studies are mar ginally helpful but will not
provide a def initive diagnosis. Complete blood count
(CBC) with differential should reveal leukocytosis with a
total white blood cell count up to 20,000 cells with a “left

shift” of increased bands, and greater than 80% polymor-
phonuclear cells (96). One often f inds increased f ibrin-
split products indicati ve of lo w-grade disseminated in-
travascular coagulation (DIC). Serum blood urea nitrogen
(BUN), creatinine, alanine amniotransferase (AL T), as-
partate amniotransferase (AST), and bilirubin may also be
elevated, indicative of multiorgan failure (97,98).

Microscopy Studies
A presumptive diagnosis of plague can be made micro-
scopically by identifying the classic coccobacilli of
Yersinia pestis using Gram (Fig. 7-10), Wright, Giemsa
(Fig. 7-11), or Wayson’s stained smears of lymph node
needle aspirate, sputum, blood, or cerebrospinal fluid
specimens. Direct fluorescent antibody (DFA) staining is
quite useful when available due to the DFA stain’s affin-
ity for the F 1 capsular antigen of Yersinia pestis (Figs.
7-10 to 7-12). 
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Figure 7–10. Blood smear. This is a micrograph of a blood smear
containing Yersinia pestis plague bacteria. (From Centers for
Disease Control-PHIL; Date: 1975.) 

Figure 7–11. Wright’s stain. Dark stained bipolar ends of
Yersinia pestis can clearly be seen in this Wright’s stain of blood
from a plague victim. (From Centers for Disease Control-PHIL;
Date: 1993.) 



Bacterial Cultures
Bacterial cultures of blood, bubo aspirate, sputum, and cere-
brospinal fluid (CSF) (if indicated) should be performed.
Yersinia pestis grows best aerobically at 28°C on sheep
blood or MacConkey agar media. Growth is usually demon-
strated in 24 to 48 hours, revealing tiny 1 to 3 mm “beaten-
copper” colonies at 48 hours. At 72 hours, “fried-egg”
colonies may be identified. Laboratory personnel need to be
warned of suspected plague because automated bacterial
identification systems may misdiagnose Yersinia pestis, or
take up to 6 days to identify (Fig. 7-13).

Radiographic Studies
Radiographic findings of the chest are v ariable in pneu-
monic plague but usually reveal bilateral infiltrates, which
may be patchy or a consolidated bronchopneumonia (Fig.
7-14) (99,100).

The CDC’s Laboratory Test Criteria for Diagnosis of
Plague helps health care w orkers determine if clinical and
laboratory results make the diagnosis of plague suspected,
presumptive, or confirmed (Table 7-1).
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Figure 7–12. Immunofluorescent study. DFA study revealing
Yersinia pestis at 200X. (From Centers for Disease Control-PHIL;
Date: 2002.) 

Figure 7–13. Culture on sheep blood agar. Yersinia pestis grows
well on most standard laboratory media. After 48 to 72 hours,
gray-white to slightly yellow opaque raised, irregular “fried
egg” morphology; alternatively, colonies may have a “ham-
mered copper” shiny surface. (From Centers for Disease Con-
trol-PHIL; Date: 2002.)

Figure 7–14. CXR pneumonic plague. Anteroposterior chest ra-
diograph of plague patient showing bilateral pulmonary infil-
trates. (From Centers for Disease Control-PHIL; Date: 1975.)

MEDICAL MANAGEMENT

NOTIFICATION

It is a U.S. Public Health Service requirement that all sus-
pected cases of plague be reported to local and state health
departments, and that the diagnosis be conf irmed by the
Centers for Disease Control and Prevention (101).

ISOLATION

Any patient suspected or conf irmed to have pneumonic plague
should remain isolated during the f irst 48 hours of antibiotic
treatment, and until clinical impro vement results (102–104). If
large numbers of patients with pneumonic plague e xist, they
may be cohorted while under going antibiotic therapy. Standard
Universal Precautions should be used whene ver handling pa-
tients with suspected or conf irmed infections or contact with
plague; Respiratory Droplet Precautions should be added for
suspected or confirmed pneumonic plague (105). In large pneu-
monic plague epidemics during the past century , human-to-
human transmission was prevented by simply wearing masks
(106–109). Therefore, existing national guidelines recommend
the use of disposable sur gical masks to prevent transmission of
pneumonic plague (110). The use of masks is recommended for
patients and health care professionals, as well as others who
may come within close contact (def ined as 2 meters) (111,112)
of a patient with suspected pneumonic plague. P atients being
transported should be wearing surgical masks (113).
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TABLE 7-1 CDC’s Laboratory Criteria for Diagnosis of Plague

SUSPECTED PLAGUE SHOULD BE CONSIDERED IF THE FOLLOWING CONDITIONS ARE MET:

1. Clinical symptoms are compatible with plague (i.e., fever and lymphadenopathy in a person who resides in or recently traveled
to a plague-endemic area). 

2. Small gram-negative and/or bipolar-staining coccobacilli are seen on a smear taken from such affected tissues as 
• Bubo (bubonic plague) 
• Blood (septicemic plague) 
• Tracheal/lung aspirate (pneumonic plague) 

PRESUMPTIVE PLAGUE SHOULD BE CONSIDERED WHEN ONE OR BOTH OF THE FOLLOWING CONDITIONS ARE MET:

1. If immunofluorescence stain of smear or material is positive for the presence of Yersinia pestis F1 antigen. 
2. If only a single serum specimen is tested and the anti-F1 antigen titer by agglutination is >1:10.*

CONFIRMED PLAGUE IS DIAGNOSED IF ONE OF THE FOLLOWING CONDITIONS IS MET:

1. If a culture isolated is lysed by specific bacteriophage. 
2. If two serum specimens demonstrate a fourfold anti-F1 antigen titer difference by agglutination testing.*
3. If a single serum specimen tested by agglutination has a titer of >1:128 and the patient has no known previous plague exposure

or vaccination history.*

*Agglutination testing must be shown to be specific to Y. pestis F1 antigen by hemagglutination inhibition.
Laboratory Test Criteria for Diagnosis of Plague. Taken from the CDC’s plague web site, Division of Vector-Borne Infectious Diseases, Centers for Dis-
ease Control and Prevention, Atlanta, GA. Available at: http://www.cdc.gov/ncidod/dvbid/plague/lab-test-criteria.htm. Last accessed October 1, 2003.

LABORATORY SPECIMENS

Blood, sputum, bronchial washing, CSF, or lymph node as-
pirates should be taken for laboratory study as indicated by
the clinical presentation, as soon as possible before initiat-
ing antibiotic therapy.

ANTIBIOTIC TREATMENT

Recommendations for antibiotic treatment of plague in this
chapter are based here on the comprehensive evaluation made
by the Working Group on Civilian Biodefense as published in
the Journal of the American Medical Association entitled,
“Plague as a Biological Weapon: Medical and Public Health
Management,” commonly referred to as the JAMA Consensus
Statement on Plague (114). The Working Group w as com-
prised of e xperts on biological w arfare from the Center for
Civilian Biodefense Studies at Johns Hopkins, including
Thomas V. Inglesby, D.A. Henderson, and Tara O’Toole; spe-
cialists such as David T. Dennis from the Centers for Disease
Control and Prevention; and Edward Eitzen, Arthur M. Fried-
lander, and Gerald Parker from the U.S. Army Medical Re-
search Institute of Infectious Diseases (115). 

Although the recommendations made by the Working
Group published in the J AMA Consensus Statement were
made based upon the evaluation of the most up-to-date studies
available at the time, and their recommendations are still valid
at the time of this publication, final selection of antibiotic ther-
apy should be made based upon the clinical situation and the
most current medical information a vailable. This author rec-
ommends verifying antibiotic selection with a vailable infec-

tious disease specialists and public health authorities within
your state and at the Centers for Disease Control and Pre ven-
tion. Links to these sources are pro vided at the end of this
chapter. Adjustments to antibiotic co verage should be made
based upon antibiotic susceptibility testing of cultures tak en
from the patient prior to initiation of therapy (116).

The Working Group’s recommendations for antibiotic
therapy are pro vided in Table 7-2. Note that the Working
Group makes a distinction between contained casualty set-
tings and mass casualty settings and postexposure prophy-
laxis. A contained casualty setting is one in which a modest
number of patients require treatment. In such a setting, par-
enteral antibiotic therapy is optimal. However, in the event
of a deliberate act of bioterrorism using aerosolized plague
agent resulting in mass casualties, there will most likely be
a shortage of intravenous antibiotics, equipment, and possi-
bly hospital beds. In such a setting, recommendations for
oral antibiotic therapies are provided (117). 

Streptomycin has been recognized as the treatment of
choice for bubonic, septicemic, and pneumonic plague since
1948 and remains the drug of choice for adults and children
in the contained casualty setting (118,119). Chlorampheni-
col is the drug of choice for plague meningitis for adults and
children in both the contained and the mass casualty setting,
with IV therapy if available, otherwise supplanted by oral
preparations (120). If streptomycin is una vailable, genta-
micin may be substituted. Alternative therapies in the con-
tained casualty setting include intra venous doxycycline or
ciprofloxacin (Table 7-2).

In mass casualty situations where intravenous therapy may
not be feasible, oral doxycycline, ciprofloxacin, or chloram-
phenicol therapy may be substituted (Table 7-2) (121). 

http://www.cdc.gov/ncidod/dvbid/plague/lab-test-criteria.htm
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TABLE 7-2 JAMA Consensus Statement Treatment of Pneumonic Plague Table*

PATIENT CATEGORY RECOMMENDED THERAPY

CONTAINED CASUALTY SETTING

Adults Preferred choices
Streptomycin, 1 g IM twice daily

Gentamicin, 5 mg/kg IM or IV once dialy or 2 mg/kg loading dose followed
by 1.7 mg/kg IM or IV 3 times daily#

Alternative choices
Doxycycline, 100 mg IV twice daily or 200 mg IV once daily

Ciprofloxacin, 400 mg IV twice daily¶

Chloramphenicol, 25 mg/kg IV 4 times daily§

Children*** Preferred choices
Streptomycin, 15 mg/kg IM twice daily (maximum daily dose, 2 g)

Gentamicin, 2.5 mg/kg IM or IV 3 times daily†

Alternative choices
Doxycycline,

If ≥45 kg, give adult dosage

If <45 kg, give 2.2 mg/kg IV twice daily (maximum, 200 mg/d)

Ciprofloxacin, 15 mg/kg IV twice daily¶

Chloramphenicol, 25 mg/kg IV 4 times daily§

Pregnant Women††† Preferred choices
Gentamicin, 5 mg/kg IM or IV once daily or 2 mg/kg loading dose folowed
by 1.7 mg/kg IM or IV 3 times daily†

Alternative choices
Doxycycline, 100 mg IV twice daily or 200 mg IV once daily

Ciprofloxacin, 500 mg twice daily†

MASS CASUALTY SETTING AND POSTEXPOSURE PROPHYLAXIS#

Adults Preferred choices
Doxycycline, 100 mg orally twice daily ††

Ciprofloxacin, 400 mg IV twice daily¶

Alternative choices

Chloramphenicol, 25 mg/kg orally 4 times daily§**

Children Preferred choices
Doxycycline, ††

If ≥45 kg, give adult dosage

If <45 kg, then give 2.2 mg/kg orally twice daily

Ciprofloxacin, 20 mg/kg orally twice daily

Alternative choices

Chloramphenicol, 25 mg/kg orally 4 times daily§**

Pregnant Women Preferred choices
Doxycycline, 100 mg orally twice daily††

Ciprofloxacin, 500 mg/kg orally twice daily

Alternative choices

Chloramphenicol, 25 mg/kg orally 4 times daily§**
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TABLE 7-2 JAMA Consensus Statement Treatment of Pneumonic Plague Table* (continued)

* These are consensus recommendations of the Working Group on Civilian Biodefense and are not necessarily approved by the
Food and Drug Administration. See “Therapy” section for explanations. One antimicrobial agent should be selected. Therapy
should be continued for 10 days. Oral therapy should be substituted when patient’s condition improves. IM indicates intramus-
cularly; IV, intravenously.

† Aminoglycosides must be adjusted according to renal function. Evidence suggests that gentamicin, 5 mg/kg IM or once daily,
would be efficacious in children, although this is not yet widely accepted in clinical practice. Neonates up to 1 week of age and
premature infants should receive gentamicin, 2.5 mg/kg IV twice daily.

¶ Other fluoroquinolones can be substituted at doses appropriate for age. Ciprofloxacin dosage should not exceed g/d in children.
§ Concentration should be maintained between 5 and 20 µg/ml. Concentrations greater than 25 µg/ml can cause reversible bone

marrow suppression (35,62).
*** Refer to “Management of Special Groups” for details. In children, ciprofloxacin dose should not exceed 1 g/d, chloramphenicol

should not exceed 4 g/d. Children younger than 2 years should not receive chloramphenicol.
††† Refer to “Management of Special Groups” for details and for discussion of breastfeeding women. In neonates, entamicin load-

ing dose of 4 mg/kg should be given initially.
# Duration of treatment of plague in mass casualty setting is 10 days. Duration of postexposure prophylaxis to prevent plague in-

fection is 7 days.
** Children younger than 2 years should not receive chloramphenicol. Oral formulation available only outside the United States.
†† Tetracycline could be substituted for doxycycline.

From Working Group Recommendations for Treatment of Patients with Pneumonic Plague in the Contained and Mass Casualty Settings and for
Postexposure Prophylaxis. Inglesby TV, Dennis DT, Henderson DA, et al. Plague as a biological weapon: medical and public health management.
JAMA. 3 May 2000;283(17):2287.

In all cases of plague, a single antibiotic is recommended
for a minimum of 10 days, or until clinical improvement re-
sults. Again, adjustments to antibiotic therap y should be
made based upon antibiotic susceptibility testing of cultures
taken from the patient prior to initiation of therapy (122).

PREGNANT WOMEN

In general, aminoglycosides are to be a voided in pregnant
women if possible, unless severe illness warrants (123,124).
However, in the setting of pneumonic plague, there is no
more efficacious alternative. In the contained casualty set-
ting, gentamicin is the preferred aminoglycosides for preg-
nant women with pneumonic plague since streptomycin has
been associated with rare reports of irre versible deafness in
children following fetal exposure (125). In the mass casu-
alty setting, doxycycline should be used if parenteral gen-
tamicin is unavailable (Table 7-2) (126).

BREASTFEEDING

The Working Group recommends that the best treatment for
breastfeeding women with plague is to provide the mother and
infant with the same antibiotic based upon the best antibiotic
for the infant: IV gentamicin in the contained setting and oral
doxycycline in the mass casualty setting (Table 7-2) (127).

POSTEXPOSURE PROPHYLAXIS

The Working Group recommends that in a community expe-
riencing a pneumonic plague outbreak, all persons develop-
ing a new cough or a temperature of 38.5°C or higher should
be promptly treated with parenteral antibiotics according to
Table 7-2. In mass casualty settings or when resources will

not allow for parenteral antibiotics, then oral therapy should
be initiated according to Table 7-2. F or infants, tachypnea
would also be an indication for immediate therapy (128,129).

Asymptomatic persons ha ving household, hospital, or
close contact (less than 2 meters/6.5 feet) with a patient with
untreated pneumonic plague should recei ve postexposure
prophylaxis for seven days (130), while watching for the de-
velopment of fever and cough based on the recommenda-
tions in Table 7-2 (131).

SUPPORTIVE THERAPY

Patients with pneumonic or septicemic plague will require
advanced medical supportive care in addition to antibiotic
therapy (132). Complications of gram-ne gative sepsis, such
as adult respiratory distress syndrome, DIC, shock, and
multiorgan failure, should be expected (133).

TRIAGE CONSIDERATIONS

WHO GETS SEEN FIRST?

Based on standard emer gency department protocols, those
with septicemic and pneumonic plague will most likely need
to be seen ahead of stable patients with bubonic plague.

WHO NEEDS ISOLATION?

Any patient suspected or conf irmed to ha ve pneumonic
plague needs respiratory isolation. Those with b ubonic or
septicemic plague should be handled with standard (uni ver-
sal) precautions.



WHO GETS ANTIBIOTICS?

Any patient suspected or conf irmed to have infection with
plague will need to be treated with antibiotics. Those pa-
tients believed to ha ve pneumonic or septicemic plague
should be treated with intra venous streptomycin (or genta-
micin) if available.

WHO NEEDS ADMITTING?

Patients with pneumonic or septicemic plague will need ad-
mitting. Those with b ubonic plague should be admitted
based upon their condition and the a vailability of hospital
beds in the event of a major outbreak or biological attack.

PERSONAL PROTECTION

INFECTION CONTROL AND
DECONTAMINATION

Standard (Universal) Precautions
All persons who come in close contact with suspected or
confirmed cases of plague should use the Centers for Dis-
ease Control and Prevention Guidelines for Standard (Uni-
versal) Precautions (134,135). Hospitals are required to fol-
low Occupational Safety and Health Administration
(OSHA) Bloodborne P athogens regulations, which also
serve to protect health care w orkers from transmission
(136). CDC-recommended Transmission-Based Droplet
Precautions are to be added for suspected or conf irmed
cases of pneumonic plague (137). As a general rule, pneu-
monic plague should be handled with the same precautions
used to protect against the more common respiratory dis-
ease, tuberculosis (138). Transmission-Based Contact Pre-
cautions should be used for draining buboes.

Laboratory Biosafety
Simple laboratory work with the plague bacillus, such as han-
dling clinical material or cultures, should be handled using
Biosafety Level 2 conditions. Biosafety Le vel 3 precautions
are required when performing acti vities (e.g., centrifuging,
vigorous shaking, grinding, or cutting bone) in volving high
risk for aerosol or droplet production (139,140).

Post Mortem
Bodies of patients who ha ve died from plague infection
should be handled with routine strict precautions by trained
personnel. Safety precautions for the transport of the dead for

burial should be the same as those when transporting ill pa-
tients (141). Postmortem aerosol-producing procedures (e.g.,
sawing bone) are not recommended, but when necessary, they
should be carried out using high-ef ficiency particulate-fil-
tered masks and ne gative-pressure rooms as is customary
when dealing with Mycobacterium tuberculosis (142).

Decontamination
Hospital rooms, emergency department examination areas,
reusable instruments, clothing, and linens should under go
terminal cleaning, after being used by a suspected or con-
firmed plague patient, in accordance with standard precau-
tions and hospital protocol (143). Decontamination may be
accomplished using any Environmental Protection Agency
(EPA) hospital-approved disinfectant, or a hypochlorite so-
lution (one part household bleach with nine parts w ater).
Aerosolized plague is belie ved be susceptible to sunlight
and is expected to survive for only about 1 hour outdoors. 

Environmental Decontamination
The plague bacillus does not pose a significant environmen-
tal threat to the population follo wing an aerosol attack be-
cause Yersinia pestis is very sensitive to light and heat and
does not survive long. A World Health Organization (WHO)
study conducted in 1970 estimated that a plague aerosol
would remain infectious for only 1 hour after an outdoor re-
lease (144). The bacillus w ould be e xpected to survi ve
longer if indoors and protected from sunlight and heat. On
the other hand, plague fleas are relatively hardy and can sur-
vive outdoors without a host for at least 6 months (145), and
cleanup of susceptible rodents should be a public health pri-
ority in the event of a bubonic plague outbreak.

Vaccines
Plague vaccines using dead or inacti vated Yersinia pestis
have been around since the f irst killed whole-cell v accine
was developed by Russian physician Waldemar Haffkine in
1896 (146). The United States licensed a F ormalin-killed,
phenol-preserved whole-cell, injected vaccine that w as
available in the United States from 1946 until 1999 when it
was withdrawn from the market by the manufacturer (147).
The vaccine offered protection against b ubonic plague, but
it did not prevent or ameliorate the development of primary
pneumonic plague when e xposure to aerosolized plague
bacteria (148–150). Live-attenuated vaccines have been un-
successful because they are much more reactogenic than the
killed vaccine (151). Research is ongoing in the pursuit of a
vaccine that protects against primary pneumonic plague
(152,153), and the National Institute of Allergy and Infec-
tious Diseases (NIAID) is currently accepting research pro-
posals for new plague vaccine for the general public. 
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SUMMARY
Disease: PLAGUE: Bubonic, pneumonic, septicemic, and
rarely meningitic.

Organism: bacterium Yersinia pestis.

Transmission:

� Flea bites from infected rodents.
� Direct contact with infected tissues or body fluids from

handling sick or dead animals.
� Respiratory droplets from cats and humans with pneu-

monic plague.
� Intentional aerosolized weaponized agent.
Incidence of naturally occurring plague: An average of 13 cases
a year (range of 5 to 15) in the United States, usually in one of
the southwestern states (New Mexico, Arizona, Colorado, and
California). Plague may occur anytime during the year.

Mortality rate: The mortality rate for untreated pneumonic and
septicemic plague is 100%; it is 60% for untreated bubonic plague.

Incubation period: Bubonic plague: 2 to 6 days; primary pneu-
monic plague: 1 to 3 days.

Major signs and symptoms:

� All: fever, malaise, headache, myalgias, dyspepsia, vomit-
ing, and diarrhea.

� Bubonic: fever, malaise, headache, myalgias, tender lym-
phadenopathy (femoral, inguinal, axillary, and cervical),
high fever.

� Septicemic: absence of tender lymphadenopathy, severe
fever, and rapid progression to sepsis with multiorgan fail-
ure. Patients often complain of abdominal pain. 

� Pneumonic: fever, malaise, headache, myalgias, cough,
dyspnea, chest pain, hemoptysis, with rapidly progressive
respiratory failure. Patients often complain of dyspepsia,
abdominal pain, nausea, vomiting, and diarrhea.

Diagnosis:

� Suspected: Suspect plague if large numbers of previously
healthy individuals present with rapidly progressive gram-
negative pneumonia, especially with hemoptysis.

� Presumptive: Diagnosis can be made by Gram, Wright,
Giemsa, or Wayson stain of blood, sputum, CSF, or lymph
node aspirates. DFA studies can be helpful.

� Definitive: Requires a positive culture of Yersinia pestis.
PCR can be used if available.

Treatment: Isolate the patient and notify public health authori-
ties as soon as plague is suspected. Early administration of an-
tibiotic therapy (following laboratory specimens) is crucial.
The drug of choice for pneumonic plague is streptomycin, 1 g
IM twice daily. If streptomycin is unavailable, use gentamicin
IM, followed by doxycycline or ciprofloxacin IV. Chloram-
phenicol is the drug of choice for plague meningitis. In mass
casualty situations where intravenous therapy is not feasible,
oral doxycycline, ciprofloxacin, or chloramphenicol may be
substituted (154).

Prophylaxis: Prophylaxis is recommended for individuals with
a history of exposure to plague or infected fleas. The preferred
antibiotics include the tetracyclines, chloramphenicol, or one of
the effective sulfonamides.

Personal protection: Use standard universal precautions for all
suspected or confirmed cases of plague. Add Respiratory
Droplet Precautions for suspected or confirmed cases of pneu-
monic plague.

Decontamination: Decontamination may be accomplished
using any EPA hospital-approved disinfectant or a hypochlorite
solution (or one part household bleach with nine parts water),
which work best if left on contaminated areas for 30 minutes
before proceeding with usual cleaning. Decontamination of
clothing and fomites should be conducted. Aerosolized plague
is believed to survive for about 1 hour. 

Vaccine: Vaccine is no longer commercially available in the
United States. The injected, Formalin-killed, whole-cell vac-
cine made many years ago does not protect against inhaled ex-
posure to plague bacteria and was withdrawn from the market
by the manufacturer in 1999. NIAID is currently accepting re-
search proposals for new plague vaccine for the general public.

http://www.bt.cdc
http://www.cdc.gov/ncidod/dvbid/plague/
http://www.who.int/csr/disease/plague
http://www.nlm.nih.gov/medlineplus/plague.html
http://www.usamriid.army.mil/education/bluebook.html


6. Military Textbook of Medicine: Medical Aspects of
Chemical and Biological Warfare. McGovern TW, Fried-
lander AM. Plague. In: Zatjtchuk R, Bellamy RF, editors.
Medical aspects of chemical and biological warfare.
Bethesda, MD: Office of the Surgeon General; 1997.
Available at: http://www.nbc-med.org/SiteContent/
HomePage/WhatsNew/MedAspects/contents.html.

7. Harrison’s Principles of Internal Medicine Plague 
Chapter. Campbell GL, Dennis DT. Plague and other
Yersinia infections. In: Fauci AS, Braunwald E, Issel-
bacher KJ, et al., editors. Harrison’s principles of inter-
nal medicine, 14th ed. New York: McGraw-Hill, Health 
Professions Division; 1998. 

QUESTIONS AND ANSWERS

1. Plague occurs endemically in all of the following pop-
ulated continents EXCEPT:

A. Europe
B. North America
C. South America
D. Australia
E. Asia

2. What is the most common clinical form of plague?
A. Meningitic
B. Bubonic
C. Pneumonic
D. Septicemic
E. Pharyngitic

3. Each of the following statements regarding the clinical
presentation of pneumonic plague is true EXCEPT:

A. Gastrointestinal symptoms may be present.
B. It has a several-week course of development.
C. It is the most likely form of plague expected from a

terrorist attack.
D. A cervical bubo is sometimes present.
E. It may be transmitted to humans from cats.

4. According to the Working Group on Civilian Biode-
fense (JAMA Consensus Statement on Plague), what
is the drug of choice for treating an isolated case of
pneumonic plague in an adult? 

A. Erythromycin
B. Trimethoprim-Sulfamethoxazole
C. Amoxicillin
D. Tetracycline
E. Streptomycin

ANSWERS
1: D. Australia
2: B. Bubonic
3: B. It has a several-week course of development.
4: E. Streptomycin
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NAME OF AGENT

Variola (Smallpox) Virus

MICROBIOLOGY

The etiological agent of smallpox is a double-stranded DNA
virus, variola virus, which belongs to the family Poxviridae,
genus orthopoxvirus. This genus includes se veral other re-
lated viruses, including vaccinia virus, which is used to pro-
duce smallpox vaccine because it induces cross-protecti ve
immunity to other orthopoxviruses. These viruses are brick-
shaped on electron micrography and measure about 300 by
250 by 200 nm (1). 

THEORETICAL AND SCIENTIFIC
BACKGROUND

Prior to the eradication of smallpox, humans were the only
known natural reservoir. The last known naturally occurring
case of smallpox was in Somalia in 1977 (2). Routine vacci-
nation against smallpox w as discontinued worldwide in the
early 1980s following elimination of the disease through a
global eradication program led by the World Health Organi-
zation (WHO). Protection against smallpox following vacci-
nation is not lifelong. High-level protection lasts for approxi-
mately 5 years, and waning but still substantial protection
can persist for up to 10 years follo wing initial vaccination
with vaccinia virus, the related orthopoxvirus used in the
live-virus vaccine for smallpox (3,4). Protection against
death from the disease may persist e ven longer than protec-
tion against disease in v accinated individuals and may be
seen in persons v accinated over two decades ago (5,6). All

children and most adults are no w considered susceptible to
the development of disease if exposed to variola virus, either
because they were never vaccinated or were vaccinated more
than 20 years ago and are no longer fully protected. Al-
though the last case of smallpox occurred over 25 years ago,
the specter of bioterrorism has raised concerns for the use of
this virus as an agent of terrorism (7). 

Human-to-human transmission of v ariola virus usually
occurs by inhalation of virus-containing lar ge airborne
droplets of saliva from an infected person with subsequent
deposition on the oropharyngeal region of the susceptible in-
dividual. Transmission usually requires prolonged close con-
tact (face-to-face), although infrequently airborne transmis-
sion over greater distances has been described (8).
Transmission via direct contact with material from the small-
pox pustules or crusted scabs can also occur; however, scabs
are much less infectious than respiratory secretions, presum-
ably due to binding of the virions in the f ibrin matrix of the
scab. During the smallpox era, the overall average secondary
attack rate w as 58.4% in pre viously unvaccinated close
household contacts and 3.8% in pre viously vaccinated
household contacts (2). Higher attack rates that have been re-
ported from some studies may ha ve been associated with
more favorable environmental conditions for transmission
(e.g., low heat and low humidity). Because of the lack of nat-
ural and vaccine-induced immunity, it is difficult to predict
the exact attack rates in today’s population. 

Following deposition on the mucous membranes, the
virus passes into local lymph nodes with a brief period of
viremia. Next, a latent period of up to 2 weeks occurs during
which the virus multiplies in the reticuloendothelial system.
The onset of initial symptoms (the prodromal phase) is pre-
ceded by another short viremic period. During the prodromal
phase, the virus multiplies and in vades the mucous mem-
branes of the mouth and dermal layers of the skin. This leads
to the de velopment of the oropharyngeal and skin lesions
that contain infectious viral particles (2). Transmission of the
virus via large airborne droplets remains highest during the
first 7 to 10 days follo wing the onset of rash b ut decreases
significantly during the later stages of the disease (9).
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SIGNS AND SYMPTOMS

Notify public health officials immediately of any suspected
smallpox patient. The three clinical forms of smallpox, ordi-
nary, flat, or hemorrhagic, may occur in unvaccinated or
distantly vaccinated individuals. During the smallpox era,
ordinary smallpox generally accounted for about 90% of 
the cases. Flat and hemorrhagic clinical presentations ac-
counted for a much lower percentage (7% and <3%, respec-
tively) (1,10,11). An additional form, modified type, was
seen in individuals with previous vaccination who were no
longer fully protected. Although the case-fatality rate varied
with the different clinical forms of smallpox, it was approx-
imately 30% in unvaccinated individuals. 

Differing clinical forms of disease are thought to be caused
by the host’s response to infection rather than different strains
of virus. The clinical course of ordinary or typical smallpox
begins with an asymptomatic incubation period follo wing in-
fection, which may last from 7 to 17 days (a verage 12 to 14
days). After the incubation period, the first symptoms begin
with a prodromal phase and include fe ver, malaise, prostra-
tion, headache, and backache. During the prodromal phase, in-
dividuals often feel very ill, which may prompt them to remain
at home or seek medical care. This nonspecific viral syndrome
phase usually lasts from 2 to 4 days before the onset of the
rash or exanthem phase. Virus transmissibility or infectious-
ness begins as the fever peaks at the end of the prodrome pe-
riod and coincides with the onset of the rash. This rash begins
as lesions on the b uccal and pharyngeal mucosa, soon fol-
lowed by the appearance of rash on the f ace, forearms, and
hands (2,9). The rash spreads downward, and within a day or
so, the trunk and lower limbs are involved, including the palms
and soles. Usually the rash is evident on most parts of the body
within 24 hours. Ultimately the distribution of the rash is cen-
trifugal: most profuse on the f ace, and more abundant on the

forearms than the upper arms, and on the lower legs than the
thighs (Fig. 8-1). 

The lesions of the rash be gin as macules, which are small
discolored skin patches. The macules progress to firm papules,
then vesicles, which soon become opaque and pustular (Fig.
8-2). Progression of the rash is slower than varicella (chicken-
pox) with usually 1 to 2 days between each stage (macule to
papule to pustule). In addition, the lesions tend to progress
through stages together so lesions in an y area of the body are
all in the same stage of de velopment. The pustules, which are
considered the characteristic lesions of smallpox, are typically
raised and firm to the touch, or “shotty,” as if BB pellets were
embedded in the skin. Approximately 8 to 9 days after onset of
the rash, the pustules become pitlike and dimpled. Around day
14, the pustules dry up and become crusted. By about day 19,
after onset of prodromal symptoms, most pustules be gin to
scab and separate, with those on the palms and soles separat-
ing last. Virus particles can be present in lar ge numbers in the
scabs but are generally not highly infectious because the y are
enclosed within the hard, dry scab.

Flat-type or malignant smallpox, a very rare manifestation
of the disease, is believed to be associated with a deficient cel-
lular immune response to v ariola virus (2). This form of the
disease is characterized by a rapidly progressi ve septic state
and is very rare in previously vaccinated individuals. The skin
lesions develop slowly, become confluent, and remain flat and
soft, never fully progressing to the pustular stage. They have
been described as “v elvety” to the touch, and sections of the
skin where lesions ha ve become confluent may slough of f.
The majority of flat-type smallpox cases are fatal (97% among
unvaccinated individuals), but if the patient survi ves, the le-
sions gradually disappear without forming scabs. 

Hemorrhagic-type smallpox, which is also rare, is associ-
ated with petechiae (minute hemorrhagic spots) in the skin and
bleeding from the conjuncti va and mucous membranes. This
type of smallpox maintains a higher le vel of prolonged
viremia as opposed to the other clinical forms of the disease.
Illness with se vere prodromal symptoms that include high
fever, severe headache, and abdominal pain be gins after a
sometimes shortened incubation period. Soon after illness
onset, a dusky erythema develops, which is followed by pe-
techiae and skin and mucosal hemorrhages. Death usually oc-
curs within the f irst week of illness (1), often before lesions
more characteristic of smallpox rash de velop. The two forms
of hemorrhagic-type smallpox, early and late, are differenti-
ated by the occurrence of hemorrhages after the appearance of
the rash in the late form. Hemorrhagic-type smallpox occurs
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Figure 8–1. This photograph depicts an African child displaying
the typical centrifugal rash distribution of smallpox on his face,
chest, and arms. (From CDC, Public Health Images Library # 3268.) 

Figure 8–2. Closeup of smallpox pustules found on the thigh of
a patient during day 6 of the rash. (From CDC/Dr. Paul B. Dean,
Public Health Images Library # 2553.)



among all ages and in both se xes but is more common in
adults and almost universally fatal. Pregnant women also seem
to be more susceptible to de veloping this form of smallpox
than other adults. The underlying molecular biologic reasons
for the severe toxemia and other effects of this form of small-
pox are unclear. 

A modified form of smallpox can occur in pre viously vac-
cinated individuals. The modification referred to in this form
of smallpox relates to the character and de velopment of the
rash with more rapid progression and resolution of the lesions.
In general, the prodrome stage with fever still occurs and may
also consist of severe headache and backache, with a duration
that may not be shortened. However, once the skin lesions ap-
pear, they generally evolve more quickly with crusting com-
pleted within 10 days. The lesions may be fe wer in number
and are more superf icial than those seen in ordinary-type
smallpox. Although a febrile prodrome generally still occurs,
fever during the rash stage is usually absent with this modified
form of smallpox.

In situations where smallpox w as not expected, smallpox
was at times confused with chickenpox. In contrast to chicken-
pox, all lesions on an y one part of the body are at the same
stage of development with smallpox. Distrib ution of the rash
in chickenpox is uniform or centripetal; there may be more le-
sions on the trunk than on the f ace and distal limbs, and ab-
dominal involvement is equivalent to back in volvement. The
rash of chickenpox manifests as uniloculated v esicles that do
not umbilicate or dimple. The vesicles may also have irregular
borders. There are usually no lesions on the palms and soles in
chickenpox.

The Centers for Disease Control and Prevention (CDC) has
developed several resources that can be used to assist clinicians
in evaluating acute generalized v esicular or pustular rash ill-
nesses for their likelihood of being smallpox in a nonoutbreak
setting. These tools can be found on the CDC web site at
http://www.bt.cdc.gov/agent/smallpox/diagnosis/evalposter.asp
and include an interactive online version of the clinical evalua-
tion algorithm. 

A number of nucleic acid polymerase chain reaction (PCR)
assays detect the presence of orthopoxvirus in clinical speci-
mens. The speciation of orthopoxvirus is then f acilitated by
endonuclease restriction fragment length polymorphism
(RFLP) analysis (12–14). The Laboratory Response Network
(LRN), an affiliation of public health laboratories with the As-
sociation of Public Health Laboratories (APHL) and CDC,
has a variety of real-time PCR assays that can be used for the
detection of orthopoxviruses in clinical specimens. A subset of
LRN laboratories with appropriate biocontainment capabali-
ties, also has specific smallpox (variola) testing capacity. Elec-
tron microscopy, in facilities with well-trained personnel, is
another sensitive method for evaluating rash specimens for the
presence of poxvirus particles.

MEDICAL MANAGEMENT

There are no proven curative treatments for clinical smallpox.
Medical management of a patient with smallpox is mainly
supportive and consists of (a) isolation of the patient to pre-
vent transmission of the smallpox (v ariola) virus to nonim-
mune persons, (b) monitoring and maintaining fluid and elec-

trolyte balance, (c) skin care, and (d) monitoring for and treat-
ment of complications. Reco very from smallpox results in
prolonged immunity to reinfection with v ariola virus. Variola
virus does not persist in the body after recovery.

Hospitalized suspected and conf irmed smallpox patients
should be isolated in a ne gative-pressure room, and strict air-
borne and contact precautions should be maintained at all
times. These precautions include use of N-95 or greater respi-
rators, gloves and go wns, and careful hand w ashing for all
health care workers entering the patient’ s room. If possible,
previously vaccinated personnel should be utilized to evaluate
and care for suspected or confirmed cases of smallpox. If pre-
viously vaccinated personnel are una vailable, staff without
contraindications to vaccination can provide care utilizing the
appropriate airborne and contact personal protecti ve equip-
ment, with vaccination provided as soon as possible (15). 

During the v esicular and pustular stages of smallpox, pa-
tients may experience significant fluid losses and become hypo-
volemic or develop shock. Fluid loss can result from (a) fe ver,
(b) nausea and vomiting, (c) decreased fluid intake due to swal-
lowing discomfort from pharyngeal lesions, (d) body fluid shifts
from the vascular bed into the subcutaneous tissue, and (e) mas-
sive skin desquamation in patients with e xtensive confluent le-
sions. Electrolyte and protein loss may also occur in these pa-
tients. Fluid and electrolyte balance should be monitored in
hospitalized patients with appropriate oral or intra venous cor-
rection of imbalances. P atients with less severe disease should
be encouraged to maintain good oral intake of fluids. 

Nausea and vomiting can occur in the earlier stages of
smallpox, especially in the prodromal period before rash de-
velopment, and should be treated symptomatically. Occasion-
ally, diarrhea may occur in the prodromal period or in the
second week of illness and should also be treated symptomati-
cally. Acute dilation of the stomach rarely occurs and is more
common in infants. In some se vere cases of smallpox (espe-
cially flat-type), extensive viral infection of the intestinal mu-
cosa occurs with sloughing of the mucosal membrane. Most
of these cases are fatal. 

Occasionally, bacterial superinfections may also occur and
should be treated with appropriate antibiotic therapy. Bacterial
superinfections can include abscesses of skin lesions, pneu-
monia, osteomyelitis, joint infections, and septicemia. Labora-
tory diagnostics (e.g., Gram stain, culture, and antibiotic sus-
ceptibility testing) should be performed to help guide
antibiotic therapy. 

Viral bronchitis and pneumonitis can be complications of
severe smallpox. Treatment is symptomatic with measures to
treat hypoxemia with supplemental oxygen and/or intuba-
tion/ventilation as indicated. Secondary bacterial pneumonia
can occur and should be treated with appropriate antibiotics as
guided by laboratory diagnostics (e.g., Gram stain, culture,
and antibiotic susceptibility testing). Pulmonary edema is
common in the more se vere forms of smallpox (hemorrhagic
and flat-type) and should be treated with careful monitoring of
oxygenation, fluid status, blood pressure with supplemental
oxygen, and diuretics administered as needed. Although
cough is not usually a prominent symptom of clinical small-
pox, patients with a cough during the first week of illness may
transmit disease more readily than those without a cough be-
cause this is the period when oral secretions contain the largest
amount of virus. A cough is more likely to produce small par-
ticle aerosols that can tra vel over greater distances. P atients
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that develop a cough later in the course of disease (after day
10), when viral counts in secretions are lower, are not as infec-
tious as those that develop coughs earlier. 

Corneal ulceration and/or k eratitis, complications some-
times leading to blindness, occurred more frequently in hem-
orrhagic-type smallpox but were occasionally seen in the more
typical ordinary-type smallpox. Occasionally , blindness can
occur, but it generally is a result of an underlying condition
such as malnutrition and/or an opportunistic ocular bacterial
infection. The virus itself does not cause the corneal opacity
that can lead to blindness. In one case series (10), corneal ul-
cers occurred in 1% of nonhemorrhagic-type smallpox cases,
and keratitis occurred in about 0.25%. Corneal ulcerations can
appear around the second week of illness and be gin at the
corneal margins. Ulcers can heal rapidly , leaving a minor
opacity or, on occasion, may cause severe corneal scarring.

Encephalitis occurs in about 1 out of e very 500 cases of
smallpox. It usually appears between day 6 and day 10 of
illness when the rash is still in the papular or vesicular stage.
During the smallpox era, this complication w as a minor
contributor to the case-fatality rate of typical smallpox, the
most common form of smallpox. Although sometimes slow,
recovery was usually complete. 

Multiple studies of antivirals during the smallpox eradi-
cation failed to show significant benefit in the treatment of
smallpox (16,17). Cidofovir (Vistide, Gilead Sciences, Fos-
ter City, CA) has shown some in vitro and in vi vo (animal
studies) activity against orthopoxviruses (18–20). However,
its true effectiveness for treating clinical smallpox or v ac-
cine adverse events is not kno wn (9). This medication is
currently labeled for the treatment of c ytomegalovirus
(CMV) retinitis and has been associated with renal f ailure.
Vaccinia human immunoglobulin (VIG), which is licensed
to treat certain post–smallpox v accination adverse effects,
has shown no efficacy in the treatment of clinically estab-
lished smallpox (15,21). 

VACCINATION IN THE PREVENTION OF
SMALLPOX SPREAD

The major public health tool in fighting a smallpox outbreak
is vaccination of those e xposed to the virus. Because a
bioterrorist attack may be widespread and occult, large seg-
ments of the population may need to be v accinated. This
would require a large-scale effort by the medical and public
health workforce, with significant assistance needed from
all levels of government and society. In addition, the small-
pox vaccine, because it is a li ve-virus vaccine, carries cer-
tain risks with it. In the e vent of an outbreak, the risks of
vaccination are minuscule compared to the risks of the ac-
tual diseases, but medical care considerations in a smallpox
outbreak are not limited to indi viduals with clinical small-
pox. They also extend to treating complications that can be
seen following smallpox vaccination. Serious complications
are rare after primary v accination and e ven less lik ely in
previously vaccinated persons who are re vaccinated. How-
ever, the following serious complications to vaccination can
occur and may require medical interv ention: progressive
vaccinia, eczema vaccinatum, generalized vaccinia, post-
vaccination encephalomyelitis, inadvertent inoculation of
vaccinia virus, fetal vaccinia, and myopericarditis.
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Figure 8–3. This patient presented with progressive vaccinia (also
called vaccinia gangrenosum) after having been vaccinated for
smallpox. (From CDC/California Department of Health Services,
Public Health Images Library # 4590.)

Sequelae may follow recovery from smallpox. The most
common are pockmarks, which may occur all o ver the body
but usually are most profuse on the f ace. Lesion scars or
pockmarks are caused mainly by destruction of infected seba-
ceous glands and most prominent on the f ace where these
glands are larger and more numerous. In addition to the com-
plications just listed, osteomyelitis can also occur as a com-
plication of smallpox infection. 

Progressive vaccinia (PV) is a rare and often f atal vaccine
complication characterized by progressi ve, often painless,
necrosis at the v accination site, with or without metastases to
skin at other body sites (22) (Fig. 8-3). In a national surv ey in
1968, five cases (including two deaths) of progressive vaccinia
occurred among 6 million primary v accinees (0.83 cases/mil-
lion) and six cases (including tw o deaths) occurred among 8.6
million persons revaccinated with the licensed smallpox v ac-
cines containing the New York City Board of Health (NYCBH)
strain (0.7 cases/million) (23). PV is seen in persons with se-
vere immunodeficiencies. Individuals with deficits of the cell-
mediated immune system ha ve a poorer prognosis than those
with deficiencies of the humoral immune system. Congenital
or acquired immunodeficiency diseases or other forms of im-
munosuppression (e.g., by medications such as high-dose
steroids or chemotherapeutics) put an individual at risk for this
complication. This diagnosis should be considered if the vacci-
nation site lesion continues to progress and expand without ap-
parent healing more than 15 days after v accination (24). Ini-
tially, limited or no inflammation is present at the site and
histopathological examination shows an absence of inflamma-
tory cells (25). Indi viduals with PV can become viremic and
develop vaccinial lesions at distant body sites. Management of
progressive vaccinia includes aggressive therapy with vaccinia
immune globulin (VIG), monitoring with supportive care, and
contact infection control precautions to pre vent secondary or
nosocomial spread of the li ve virus contained in the lesions.
Rarely, surgical debridement is used with varying success (22). 

Eczema vaccinatum (EV) can occur in people with a his-
tory of atopic dermatitis (eczema), irrespective of disease
severity or activity. This complication can occur following pri-
mary vaccination or contact with another person who has a
nonscabbed vaccination site that contains live vaccinia virus. It
is characterized by a localized or generalized papular , vesicu-
lar, or pustular rash (Fig. 8-4). The rash has a predilection for
areas of previous eczematous lesions but can occur anywhere
on the body. Individuals with EV are often systemically ill
with fever, malaise, and lymphadenopathy accompanying the
rash. Other nonatopic e xfoliative skin conditions can also



place an individual at risk for EV, but generally, the illness is
less severe than that seen in individuals with atopic dermatitis.
No data exists to predict the absolute risk for these persons,
but in the 1968 national survey there were 66 cases (no deaths)
among 14.5 million vaccines (4.6 cases/million) and 60 cases
(one death) among their several million contacts. 

Treatment of EV includes the administration of VIG, hemo-
dynamic support with fluid replacement and electrolyte moni-
toring, and careful skin care. Early VIG administration reduced
the mortality from 40% to 30% in one study to 7% (26). Be-
cause large surface areas of skin can be compromised in EV ,
fluid and electrolyte losses can be signif icant. In addition, EV
patients should be follo wed closely for signs or symptoms of
infection or sepsis. Contact infection control precautions should
be followed because the lesions of EV also contain live virus. 

Generalized vaccinia (GV) is a generalized maculopapular
or vesicular skin rash, sometimes covering the whole body ,
usually occurring within 6 to 9 days after primary vaccination.
The rash is generally benign, self-limited, and has a very good
prognosis, with most cases being managed on an outpatient
basis. Systemic symptoms usually do not accompan y GV, al-
though fever occasionally may precede the rash. The course of
the individual lesions resembles that of the lesion at the inocu-
lation site; however, if the rash is profuse the lesions may vary
greatly in size. This complication is estimated to occur in
about 242 out of every one million primary vaccinations (27).
In general, this complication of v accination does not require
the administration of VIG unless it is severe and the patient is
systemically ill or the patient has an underlying immunocom-
promising condition. Treatment with nonsteroidal antiinflam-
matory agents (NSAIDs) or oral antipruritics may pro vide

symptomatic treatment. Because the lesions of GV may con-
tain live virus, patients should be managed utilizing contact in-
fection control precautions and advised to k eep lesions cov-
ered as much as possible (22). 

Postvaccination encephalomyelitis (PVEM) is a rare com-
plication that can occur in primary v accinees. The frequency
of its occurrence differed widely from country to country and
with the strain of vaccinia virus utilized in the vaccine. The in-
cidence of PVEM w as lower with the Ne w York Board of
Health (NYBOH) v accinia virus strain utilized in the U.S.
smallpox vaccines (2,23,28). PVEM typically affected persons
‡2 years, but could not otherwise be predicted based on preex-
isting medical conditions lik e other severe smallpox vaccine
reactions (e.g., EV and PV). This postvaccination reaction typ-
ically occurs 11 to 15 days follo wing vaccination and is
thought to generally be the result of an autoimmune process,
although the pathophysiology is unclear . Rarely has v accinia
virus been isolated from the cerebral spinal fluid (CSF) of
PVEM or postvaccination encephalopathy (PVE) cases, and
controlled trials have not been done to determine the true sig-
nificance of this infrequent f inding (23,29). Symptoms of
PVEM include fe ver, headache, vomiting, confusion, delir-
ium, disorientation, restlessness, drowsiness or lethar gy,
seizures, and coma. The CSF can demonstrate an ele vated
pressure but generally has a normal cell count and chemistry
profile. The principal pathological lesions resembled those of
other postinfectious encephalitides and includes peri venous
inflammation and demyelination (2,30).

Infants less than 2 years old can also de velop a rare PVE
similar to PVEM. Acute onset of PVE occurs earlier in the post-
vaccination period (6 to 10 days postvaccination), presents with
the same symptoms as PVEM, and may also include hemiple-
gia and aphasia. Generalized cerebral edema with a mild lym-
phocytic meningeal infiltration, widespread ganglion degenera-
tive changes, and occasional perivascular hemorrhages are the
associated pathological changes in this form of post–smallpox
vaccination central nervous disease. 

PVEM following vaccination has been reported in about 3 to
12 per million primary v accines (28). The previously reported
mortality rate for PVEM or PVE is 15% to 25% , and 25% of
survivors were still left with some neurological deficits (23). 

Diagnosis of PVE or PVEM is one of e xclusion because
there are no specific diagnostic tests to conf irm the diagnosis
of this complication and man y other infectious and toxic eti-
ologies that can result in similar clinical symptoms. No clini-
cal criteria, laboratory tests, or CNS radiological studies are
definite for the diagnosis of PVE or PVEM. There is no spe-
cific therapy for this complication other than supporti ve care
that includes anticon vulsants and intensi ve care monitoring
when required. Because this complication is not believed to be
the result of viral proliferation, the role of modern anti viral
medications is unclear. In addition, no previous studies with
VIG have shown this intervention is effective in the treatment
of PVEM or PVE (22).

Fetal vaccinia (FV) is an e xtremely rare complication
that can occur following smallpox vaccination during preg-
nancy or shortly before conception. Fe wer than 50 cases
have been reported in the literature. Skin lesions and or gan
involvement are the usual manifestations of this complica-
tion, which often results in premature deli very or fetal or
neonatal death. FV has been associated with v accination in
all three trimesters of pregnancy. 
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Figure 8–4. This 28-year-old with eczema vaccinatum contracted
it from her vaccinated child. She had had a history of atopic der-
matitis, but her dermatitis was inactive at the time of the child’s
vaccination. Treatment with vaccinia immune globulin (VIG),
idoxuridine eye drops, and methisazone (Marboran) resulted in
healed lesions with no scarring or lasting ocular damage. [From
CDC/Allen W. Mathies, MD, John Leedom, MD/ California Emer-
gency Preparedness Office (Calif/EPO), Immunization Branch,
Public Health Images Library # 4621.]



Accidental infection or inadvertent inoculation (AI) of
vaccinia virus to some part of the body distant from the vacci-
nation site or of another person can occur when li ve vaccinia
virus, present at the site until it has healed, is inadvertently
transferred from the vaccination site to another body site or in-
dividual. This condition most commonly occurs in children
(22) and usually results in a lesion similar to the v accination
site. The body sites most commonly affected include the face,
mouth, lips, genitalia, and eyelid. Accidental infections of dis-
tal body sites are usually not serious and do not require spe-
cific treatment. Accidental infections of other indi viduals is
also usually not serious unless the individual has a preexisting
condition (e.g., eczema or immune disorders) that makes them
more susceptible to severe reactions to vaccinia. 

Vaccinia infections involving the eye or eyelid (ocular im-
plantations), however, can be more serious and e ven threaten
sight if not evaluated and treated appropriately. Accidental im-
plantation is the most common postv accination complication,
accounting for about one-half of all complications in individu-
als receiving smallpox vaccine. This complication can be pre-
vented by careful attention to hand hygiene after touching the
site, site dressings, or other materials that have come into con-
tact with the vaccination site. In addition, scratching or unnec-
essary touching of the vaccine site should be avoided. 

Ocular vaccinia implantations can result in blepharitis,con-
junctivitis, keratitis, iritis, or a combination of these presenta-
tions. These complications should be managed in consultation
with an ophthalmologist. Although controlled studies have not
evaluated the usefulness of current topical optic antiviral solu-
tions in the treatment of ocular v accinia infections, their off-
label use for this purpose has been recommended by some
ophthalmologists (22). Both trifluridine (Viroptic, King Phar-
maceuticals, Inc., Bristol, TN) and vidarabine (V ira-A, King
Pharmaceuticals, Inc., Bristol, TN) have stated in vitro and in
vivo activity against vaccinia virus in the product labeling, but
neither have been approved by the Food and Drug Administra-
tion (FDA) specifically for treatment of ocular v accinia dis-
ease. Under certain conditions, VIG may also be considered in
the treatment of severe ocular disease. When keratitis is pres-
ent, the potential benefit of VIG should be carefully evaluated
because studies utilizing an animal model ha ve indicated a
possible increase in the risk of corneal scarring when VIG was
used in the presence of this complication (31). However, if an-
other sight-threatening complication is present with k eratitis
(e.g., vision-threatening lid malformation), VIG can be con-
sidered in limited doses. Use of VIG to treat other serious vac-
cine complications such as eczema v accinatum is also indi-
cated, regardless of the presence of k eratitis. VIG is not
recommended for the treatment of isolated keratitis. 

Cardiac adverse events have also been described follo w-
ing smallpox v accination. These events include myoperi-
carditis, ischemia, and arrhythmias, although causality has
not been established (32–35). Of the reported e vents, myo-
pericarditis appears to have the strongest potential association
with vaccinia vaccine (33,36,37). This postvaccination com-
plication has been previously reported from Europe and Aus-
tralia where non-NYCBOH strain w as used (38,39), but it
was not a pre viously well-described complication follo wing
vaccination with the New York Board of Health strain used in
the United States. 

In January 2003 a smallpox v accination program for se-
lected civilian public health and medical response teams w as

initiated as part of an overall effort to prepare the United States
in the event of a terrorist attack using smallpox. The U.S. mili-
tary initiated a similar smallpox v accination program several
months earlier. The rate of myo/pericarditis reported in the
civilian program, including suspected and probable cases, was
approximately 1:1,700 vaccinees, and the rate reported in the
military program was approximately 1:12,000 vaccinees. This
complication is generally manifested by chest pain and can
also be associated with dyspnea, palpitations, electrocardio-
gram changes, and transient cardiac enzyme elevation. All pa-
tients with reported myopericarditis following smallpox vacci-
nation in the current U.S. ci vilian responder and military
vaccination programs recovered (36). 

TRIAGE CONSIDERATIONS

All individuals presenting to a medical f acility with an acute
generalized vesicular or pustular rash should be immediately
triaged to an appropriate respiratory isolation room within the
facility for further evaluation. This triage procedure should be
a routine part of medical f acility protocols, regardless of the
known or unkno wn presence of smallpox in a community .
Other more common vesicular rash illnesses such as varicella
and measles can be transmitted via the respiratory route and
would present an infectious risk to nonimmune staff and other
patients in the facility. 

Smallpox patients admitted to a hospital where other nons-
mallpox patients are present must be managed under strict air-
borne and contact isolation precautions in order to prevent the
nosocomial spread of disease. Standard precautions should
also be followed. In an outbreak situation where there may be
many smallpox cases requiring treatment, designated small-
pox evaluation and medical treatment f acilities may be estab-
lished in the community by public health authorities. If such
facilities are established, suspected smallpox patients should
be triaged to these f acilities where the y can be v accinated,
evaluated, and treated accordingly . Suspected smallpox pa-
tients who are isolated together should be v accinated against
smallpox to prevent against accidental exposure to the disease
in someone who may ha ve been clinically misdiagnosed as a
case of smallpox while awaiting laboratory confirmation (40). 

PERSONAL PROTECTION

Vaccination of an indi vidual within 3 days of e xposure to
smallpox virus can prevent or significantly lessen the sever-
ity of smallpox symptoms in the v ast majority of people
(41). Vaccination up to a week after e xposure likely offers
some protection from disease or may modify the severity of
disease (10,11). Although recent successful vaccination can
provide a high level of immunity for health care personnel,
appropriate airborne, contact, and standard infection control
procedures should still be follo wed when caring for small-
pox patients. Protecti ve clothing including go wns, masks
(properly fitted N95 or higher respirator masks), and gloves
should be worn by all personnel who enter and leave an iso-
lation room or area where smallpox patients are managed. 
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RESOURCES

1. CDC: Emergency Preparedness and Response Smallpox
web site at http://www.bt.cdc.gov/agent/smallpox/index.
asp. Comprehensive information about smallpox, small-
pox vaccine, evaluation tool for suspected smallpox pa-
tients, diagnosis and treatment of vaccine adverse events,
and general smallpox response planning.

2. Smallpox Vaccination Overview for Clinicians: A Guide 
to Resources on the CDC web site at http://www.bt.cdc.
gov/agent/smallpox/vaccination/clinicians.asp. Informa-

tion for clinicians about normal and expected vaccine 
reactions and diagnosis and management of adverse 
vaccine events.

3. Bioterrorism Readiness Plan: A Template for Healthcare
facilities APIC. Bioterrorism Taskforce and CDC Hospital
Infections Program Bioterrorism Working Group, 1999 at
http://www.cdc.gov/ncidod /hip/Bio/13apr99
APIC-CDCBioterrorism.PDF. General guidance for health
care bioterrorism response planning, including smallpox. 

4. World Health Organization at: http://www.who.int/csr/ 
disease/smallpox/en/. General smallpox information and
teaching slide sets for smallpox.
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SUMMARY  Key Features of Smallpox Disease

Exposure to the virus is followed by an incubation period during which people do not have
any symptoms and may feel fine. This incubation period averages about 12 to 14 days but can
range from 7 to 17 days. During this time, people are not contagious.

The first symptoms of smallpox include fever, malaise, head and body aches, and sometimes
vomiting. The fever is usually high, in the range of 101° to 104°F. At this time, people are usu-
ally too sick to carry on their normal activities. This is called the prodrome phase and may last
for 2 to 4 days.

A rash emerges first as small red spots on the tongue and in the mouth.

These spots develop into sores that break open and spread large amounts of the virus into the
mouth and throat. At this time, the person becomes most contagious.

Around the time the sores in the mouth break down, a rash appears on the skin, starting on the
face and spreading to the arms and legs and then to the hands and feet. Usually the rash
spreads to all parts of the body within 24 hours. As the rash appears, the fever usually falls and
the person may start to feel better.

By the third day of the rash, the rash becomes raised bumps.

By the fourth day, the bumps fill with a thick, opaque fluid and often have a depression in the
center that looks like a belly button. (This is a major distinguishing characteristic of smallpox.)

Fever often will rise again at this time and remain high until scabs form over the bumps.

The bumps become pustules—sharply raised, usually round, and firm to the touch as if there is
a small round object under the skin. People often say the bumps feel like BB pellets embedded
in the skin.

The pustules begin to form a crust and then scab.
By the end of the second week after the rash appears, most of the sores have scabbed over.

The scabs begin to fall off, leaving marks on the skin that eventually become pitted scars.
Most scabs will have fallen off 3 weeks after the rash appears.
The person is contagious to others until all of the scabs have fallen off.

Scabs have fallen off. Person is no longer contagious.

* Smallpox may be contagious during the prodrome phase, but it is most infectious during the first 7 to 10 days following rash onset.
Source: CDC. Adapted from table http://www.bt.cdc.gov/agent/smallpox/overview/disease-facts.asp.

Incubation Period
(Duration: 7 to 17 days)
Not contagious

Initial Symptoms 
(Prodrome)
(Duration: 2 to 4 days)
Sometimes contagious*

Early Rash
(Duration: about 4 days)
Most contagious

Pustular Rash 
(Duration: about 5 days) 
Contagious

Pustules and Scabs 
(Duration: about 5 days)
Contagious

Resolving Scabs
(Duration: about 6 days)
Contagious

Scabs Resolved
Not contagious

http://www.bt.cdc.gov/agent/smallpox/index
http://www.bt.cdc
http://www.cdc.gov/ncidod
http://www.who.int/csr/
http://www.bt.cdc.gov/agent/smallpox/overview/disease-facts.asp
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QUESTIONS AND ANSWERS

1. Smallpox has which of the following clinical features? 
A. Meningitic prodrome
B. Rash lesions in the same stage of development on

any one area of the body
C. Characteristic lesions are deep-seated, firm, well-

circumscribed pustules
D. Rash more prominent on trunk
E. B and C

2. Individuals with smallpox are most infectious during
which point of their illness?

A. When all scabbed lesions have separated
B. During the incubation period 
C. The first 7 to 10 days following the appearance 

of rash
D. When the rash lesions have all progressed to 

pustules
E. At the onset of fever

3. Which of the following infection control and personal
protection measures should be followed when provid-
ing care for a person with smallpox or suspected
smallpox? 

A. Airborne precautions with isolation in a negative-
pressure room

B. Contact and Standard precautions
C. Turnout (“bunker”) gear and self-contained air
D. Vaccination with vaccinia (smallpox) vaccine 
E. A and D

4. Which of the following has the lowest risk of serious
complications following smallpox vaccination?  

A. An individual with active eczema (atopic dermatitis)
B. An individual with only a history of eczema (atopic

dermatitis) as a child
C. A individual taking immune suppressive medica-

tions following organ transplantation
D. A 50-year-old male being revaccinated after receiv-

ing primary smallpox vaccination as a child
E. All are at equal risk for serious complications fol-

lowing smallpox vaccination.

ANSWERS
1: E. B and C
2: C. The first 7 to 10 days following the appearance of rash
3: E. A and D
4: D. A 50-year-old male being revaccinated after receiving pri-

mary smallpox vaccination as a child 

REFERENCES

1. Breman JG, Henderson DA. Diagnosis and management of
smallpox. N Engl J Med 2002;346(17):1300-8.

2. Fenner F, Henderson DA, Arita I, et al. Smallpox and its eradi-
cation. Geneva, Switzerland: World Health Organization; 1988.

3. WHO Expert Committee on smallpox eradication. Second re-
port. World Health Organ Tech Rep Ser 1972;493:5-64.

4. Public Health Service. Recommendations of the Public Health
Service Advisory Committee on Immunization Practices: small-
pox vaccination. Washington, DC: Public Health Service; 1972. 

http://www.bt.cdc.gov/agent/smallpox/


Chapter 8 Smallpox 95

bull-Lucksch-Bastiaanse). Folia Psychiatr Neurol Jpn 1960;
Suppl 5:1-181.

31. Fulginiti VA, Winograd LA, Jackson M, et al. Therapy of ex-
perimental vaccinal keratitis. Effect of idoxuridine and VIG.
Arch Ophthalmol 1965;74(4):539-44.

32. CDC. Supplemental recommendations on adv erse events fol-
lowing smallpox v accine in the pre-e vent vaccination pro-
gram: recommendations of the Advisory Committee on Immu-
nization Practices. MMWR Morb Mortal Wkly Rep 2003;
52(13):282-4.

33. CDC. Cardiac adv erse events following smallpox v accina-
tion—United States, 2003. MMWR Morb Mortal Wkly Rep
2003;52(12):248-50.

34. MacAdam DB, Whitaker W. Cardiac complications after v ac-
cination with smallpox. Br Med J 1962;5312:1099-1100.

35. Ahlborg B, Linroth K, Nordgren B. ECG-changes without
subjective symptoms after smallpox v accination of military
personnel. Acta Med Scand Suppl 1966;464:127-34.

36. CDC. Update: cardiac-related events during the civilian small-
pox vaccination program—United States, 2003. MMWR
Morb Mortal Wkly Rep 2003;52(21):492-6.

37. Grabenstein JD, Winkenwerder W Jr. US military smallpox vac-
cination program experience. JAMA 2003;289(24):3278-82.

38. Karjalainen J, Heikkila J, Nieminen MS, et al. Etiology of
mild acute infectious myocarditis. Relation to clinical features.
Acta Med Scand 1983;213(1):65-73.

39. Helle EP, Koskenvuo K, Heikkila J, et al. Myocardial compli-
cations of immunisations. Ann Clin Res 1978;10(5):280-7.

40. CDC. Smallpox response plan and guidelines (V ersion 3.0).
2002. US Department of Health and Human Services, CDC.
2002. Available from http://www.bt.cdc.gov/agent/smallpox
/response-plan/index.asp.

41. Dixon CW. Smallpox in Tripolitania, 1946: an epidemiologi-
cal and clinical study of 500 cases, including trials of peni-
cillin treatment. J Hyg 1948;46(4):351-77.

http://www.bt.cdc.gov/agent/smallpox


96

9
Viral Hemorrhagic Fevers
Erik J. Won and Anthony Carbone

NAME AND DESCRIPTION OF AGENTS

Viral hemorrhagic fever (VHF) has a v ariety of clinical mani-
festations and causative agents but is best characterized as an
acute febrile illness with abnormalities of circulatory regulation
and generalized signs of increased v ascular permeability.
Bleeding manifestations with fever in the presence of a bioter-
rorist threat should raise suspicions of VHF. 

The etiology of VHF syndrome is represented by a di verse
group of RNA viruses in four distinct f amilies: (a) Arenaviri-
dae, (b) Bunyaviridae, (c) Filoviridae, and (d) Flaviviridae. All
of these viruses are enveloped with animal or insect reservoirs,
although the natural host of the f iloviruses (Ebola and Mar-
burg) remains unkno wn. Viruses causing VHF are initially
transmitted to humans via contact with the reserv oir host or
vector. Viruses carried by rodent reserv oirs are transmitted to
humans through contact with urine, feces, or carcasses of in-
fected rodents. Arthropod vectors spread the virus by mosquito
or tick bite. Humans are not the natural reserv oir for an y
strains; however, some of these viruses can be spread from per-
son to person by either direct contact or aerosolized particles. 

THEORETICAL AND SCIENTIFIC
BACKGROUND:

A consensus statement from an expert panel of 26 professionals
(1) determined the VHF agents posing the most serious risk as
biological weapons were Ebola and Marb urg viruses (Filoviri-
dae), Lassa fever and New World arenaviruses (Arenaviridae),
Rift Valley Fever (Bunyaviridae), and yellow fever, Omsk hem-
orrhagic fever, and Kyasanur Forest disease (Fla viviridae).
These agents met se veral criteria set forth by The Working
Group on Civilian Biodefense for agents that pose particularly
serious health risks as bio weapons. These criteria include: (a)
high morbidity and mortality; (b) potential for person-to-person
transmission; (c) low infective dose and highly infectious by
aerosol dissemination, with a commensurate ability to cause
large outbreaks; (d) ef fective vaccine unavailable or available
only in limited supply; (e) potential to cause public and health

care worker anxiety; (f) a vailability of pathogen or toxin; (g)
feasibility of large-scale production; (h) environmental stability;
and (i) prior research and de velopment as a biological weapon.
The viruses excluded from this list had limitations in their po-
tential use as weapons of mass destruction (some were dif ficult
to produce in lar ge amounts; others did not replicate to high
enough concentrations in cell cultures to be weaponized).

FILOVIRIDAE (EBOLA AND MARBURG)

The filoviruses include Ebola and Marb urg viruses. Both
viruses are recognized as Category A, or high priority, by the
National Institute for Allergy and Infectious Diseases
(NIAID) (2) and Cate gory A (Biosafety Level 4) agents by
the Center for Disease Control and Prevention (CDC) (3,4). 

The first recorded outbreak of Marb urg occurred in Eu-
rope (Germany and Yugoslavia) in 1967 and remains the only
outbreak to have occurred outside of Africa. This outbreak re-
sulted from the unwitting importation of infected monk eys
from Uganda. A total of 18 human outbreaks of Ebola and
Marburg VHF have been reported with 10 outbreaks in volv-
ing 30 or more victims. 

The reservoir for Ebola and Marburg viruses is currently un-
known. Isolating the wild reservoir has proven to be an arduous
and daunting task. During the 1995 outbreak in Kikwit, Zaire,
3,000 vertebrates of multiple species and 30,000 arthropods
were sampled without any trace of Ebola detected (5). As such,
there have been no confirmatory studies to evaluate how virus
is transmitted from host to human. The primary mode of per-
son-to-person transmission is through direct contact with
blood, secretions, and infected tissue. Experiments in nonhu-
man primates have documented transmission of infection after
direct administration of Marb urg virus into the mouths and
noses of experimental animals (6). Se veral human infections
have also occurred through contact of contaminated f ingers
with oral mucosa and conjuncti va (7). Percutaneous needle-
stick injuries are thought to be a particularly lethal mode of
transmission. Eighty-five of 318 cases (26.7%) in a 1976 Ebola
epidemic in Zaire occurred from individuals injected with con-
taminated syringes, and all cases acquired by injection resulted
in death (8). Evidence suggests that percutaneous e xposure to
very low concentrations of virus can result in infection (9).



It is unclear whether disease transmission can occur from
touching an infected patient or corpse through intact skin. A re-
view of the Ebola outbreak in 1995 (Kikwit, Democratic Re-
public of the Congo) revealed infection in several subjects who
prepared bodies for b urial (10,11). Local customs and b urial
practices involve washing the body and trimming hair and
nails, both of which pose a signif icant contact exposure to the
subjects (12). Animal studies using guinea pigs were unable to
demonstrate Marburg virus transmission through intact skin;
however, infection through open skin lesions did occur (4).

Some animal studies have raised concerns about person-to-
person transmission through aerosolized particles (5,13). Epi-
demiologic data suggests this is an unlik ely route of human
transmission, but it cannot be completely ruled out. In 1995 in
the Democratic Republic of the Congo, 316 subjects were in-
fected with Ebola. Only three health care w orkers became in-
fected: one had a needlestick injury , one was nonadherent to
barrier precautions, and one who always used barrier precau-
tions is believed to have accidentally rubbed her e yes with a
contaminated glove (14). Seventy-eight household members,
without direct physical contact, were disease-free. However, in
this outbreak, the only risk f actor identified for five patients
was visiting an infected patient in the absence of physical con-
tact. These cases led researchers to conclude that airborne
transmission could not be ruled out (15) but seemed, at most, a
secondary mode of transmission. In 2000 in Uganda, 224 peo-
ple died in an outbreak of Ebola. Of the medical personnel
who became ill, 64% were infected after isolation w ards and
infection control measures (gloves, gowns, shoe covers, surgi-
cal masks, and eye protection) were employed (16). Airborne
transmission could not be ruled out in this case.

Nevertheless, studies of other outbreaks ar gue strongly
against a respiratory route of transmission. Most Ebola epi-
demics in Africa were ultimately controlled and ended without
the use of specific airborne precautions. Airborne transmission
of Marburg virus was not observed in the 1967 outbreak in
Germany and Yugoslavia following the importation of infected
African green monkeys (17). In 1975, only 1 in 35 health care
workers exposed to Marburg disease without any barrier pre-
cautions became ill (18). In 1979, an outbreak of Ebola in
Sudan infected 34 people. Twenty-nine cases of infection were
reported among subjects who made direct physical contact,
while no cases among 103 persons exposed in confined spaces
without physical contact were reported (19). In 1994,only 1 of
70 contacts of an Ebola-infected patient acquired the disease
despite no airborne precautions (20). In 1996, 300 contacts of
Ebola-infected patients did not contract disease. These con-
tacts were involved in numerous procedures prior to the pa-
tient’s diagnosis with only standard blood and bodily fluid
precautions. Again, no airborne precautions were taken (21). 

ARENAVIRIDAE: LASSA FEVER AND NEW
WORLD ARENAVIRUSES

Lassa fever and the New World arenaviruses (Lymphocytic
Choriomeningitis virus, Junin virus, Machupo virus, Sabia
virus, and Guanarito virus) are considered to have bioterror-
ism potential and are classified as Category A, or high prior-
ity, agents by the NIAID (2) and Cate gory A (Biosafety
Level 4) viruses by the CDC (3,4).

Rodents represent the natural reserv oir for arena viruses.
Most Lassa virus infections can be traced to contact with the

rodent, Mastomys natilensis (22). Argentine hemorrhagic fever,
caused by Junin virus, is carried by the f ield mouse Calomys
colossus. They can be transmitted to humans via inhalation of
aerosolized particles from rodent urine/feces, direct contact
with open wounds and mucous membranes, and ingestion of
food contaminated with rodent excrement (23,24). 

The primary route of person-to-person transmission is
through direct contact with infectious blood or bodily fluids.
There have been no documented cases of respiratory trans-
mission of VHF arenaviruses; however, the possibility can-
not be ruled out.

In 1970, a nosocomial outbreak of Lassa fe ver occurred
in Nigeria. A single patient with pulmonary in volvement
caused 16 secondary cases of infection in subjects who
shared the same hospital w ard. Airborne transmission was
believed to be the most likely cause of infection, but no de-
finitive evidence of respiratory transmission was found, and
the exact mechanism of disease transmission in this out-
break remains unknown (25). In 1971, a student became in-
fected with Bolivian hemorrhagic fever watching a nursing
instructor demonstrate the changing of bed linens of an in-
fected patient. The student did not touch the bed linens nor
any object in the room and kept a distance of approximately
6 feet from the patient. Approximately 80 other health care
workers working with the patient, without respiratory pre-
cautions, did not become infected. Def initive evidence of
person-to-person airborne transmission is lacking, but no al-
ternative explanation to respiratory transmission w as found
for the single case of infection involving the student (26). 

Findings that suggest a respiratory route of transmission
is unlikely include the case of a single infected patient travel-
ing from Sierra Leone to the United States. No secondary
cases developed among 522 contacts (27). Another case in-
volving a single infected patient traveling from Nigeria to St.
Thomas (U.S. Virgin Islands) saw no secondary infections in
159 people who had direct contact with the patient (28).

Incubation periods vary between 5 and 17 days. There
have been no documented cases of arena virus transmission
by infected persons during the incubation period (23,29).
Disease transmission occurs primarily during the acti ve
phase of infection, but there ha ve been reports of disease
transmission from convalescing patients to spouses. Infec-
tivity has been documented at 7 to 22 days after onset of ill-
ness (30) and Lassa fever virus has been detected in semen
samples up to 3 months after acute infection (31). Mortality
for Lassa fever ranges from 15% to 20%, while New World
arenaviruses range from 15% to 30% (25,27,29).

BUNYAVIRIDAE: RIFT VALLEY FEVER,
CRIMEAN CONGO HEMORRHAGIC FEVER,
HANTAVIRUS

Rift Valley fever (RVF) and hantaviruses have been recog-
nized as Category A, or high priority, agents by the NIAID,
while Crimean Congo Hemorrhagic Fever (CCHF) has been
classified as Category C by the same agenc y (2). The CDC
places a lower priority on these agents with RVF and CCHF
fitting the general definition of Category B agents and han-
tavirus listed among emer ging pathogens in Cate gory C
(3,4,32). 

The bunyaviruses are transmitted by both rodent and
arthropod vectors. RVF is carried by mosquito v ector,
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CCHF is transmitted by a tick v ector, and the hantaviruses
have rodent v ectors. All of these can be transmitted by
bites, direct contact with infected animal tissues, or
aerosolization of virus from infected animal carcasses.

RVF disease frequently resembles human influenza with
fevers, fatigue, loss of appetite, and associated constitu-
tional symptoms lasting for 2 to 5 days. In epidemic areas,
human infection rates can be as high as 35% (33). Se vere
cases can cause signif icant morbidity from li ver necrosis,
hemorrhagic phenomena, retinitis with visual impairment,
and meningoencephalitis (34,35), but fatality rates tend to
stay relatively low <1% (36,37). There are no reported
cases of person-to-person transmission of R VF (38). A
group of World Health Or ganization (WHO) consultants
have estimated that if 50 kg of R VF virus were released
from an aircraft on a population of 500,000 persons, 400
would die and 35,000 would be incapacitated (39). Suscep-
tible livestock could also become infected resulting in the
potential establishment of disease in the environment (1). 

CCHF fatality rates can be quite high with rates of 13%
to 50% being reported in the literature (40). Humans may
acquire the infection through tick bite, contact with blood
or tissues from infected livestock, and infections of medical
personnel treating or performing surgery on CCHF patients
(41). There are reports that Iraq studied CCHF virus as a
potential biological weapon and concluded that it w as un-
suitable as a biological weapon because it required v ectors
for dispersal (42). More recent reports, however, suggest
that advances in viral replication technology may allo w
CCHF to be a viable aerosolized bioweapon (43).

Two diseases have been associated with the hanta virus
genus: hantavirus with pulmonary syndrome (HPS) and
hemorrhagic fever with renal syndrome (HFRS). Some
strains of hanta virus have been cited as ha ving fatality
rates as high as 50% (44). The high fatality rate associated
with HPS has gi ven it some notoriety among laypersons,
but it has little potential for de velopment into a utilizable
biological agent (45). With rapidly increasing knowledge
about hantaviruses, many of the initial fears re garding
their potential use as bio weapons have been put to rest.
The CDC classifies it as a Category C virus, giving it low
priority as a risk to national security . The reason it has
fallen lower in the scope of potential VHF bioweapons is
multifactorial:
1. Hantaviruses are hard to produce. They are extremely

difficult to isolate (even in the most sophisticated labora-
tories) (46), dangerous for personnel involved in isola-
tion, human viremia is low and short-lived (making cap-
ture even more difficult) (47,48), and adaptation of virus
to growth in cell culture results in mutations and prolif-
eration of strains that have reduced infectivity (49).

2. Hantaviruses are not easily transmitted. Infected rodents
present only a limited period of viremia, after which
they develop neutralizing antibodies. This means that
blood from these rodents will not transmit disease and
only a few excretory organs and their excreta could be
considered as a source for terrorists seeking mass pro-
duction of virus. This represents a difficult method of
capture. Hantavirus-infected rodents also appear to be
healthy, making it difficult to identify target specimens
to obtain samples from. Human infection after a rodent
bite is also highly exceptional (50).

3. Hantavirus infections can frequently be treated and pre-
vented. Ribavirin has been shown to be active against
hantavirus when given early enough and in sufficiently
high intravenous doses. A field trial in China demon-
strated that this treatment can be lifesaving (51). The
same treatment was used in the management of HPS in
the United States, but survival curves between treated
subjects and nontreated subjects did not show an appre-
ciable difference (52). Inactivated vaccines have been
used for over a decade in South and North Korea (53).
The protection rate among 1.2 million people was re-
ported to be between 88% and 100% (54). Promising new
vaccines are also being studied with potential for greater
immunity to a broader range of hantavirus (55,56).

FLAVIVIRIDAE: YELLOW FEVER, DENGUE
FEVER, OMSK HEMORRHAGIC FEVER, AND
KYASANUR FOREST DISEASE

Dengue fever is a Class A pathogen according to NIAID
categories, while Kyasanur Forest disease receives a rating
of Class B, and yellow fever is Class C using the same rat-
ing system (2). The CDC considers these viruses Biosafety
Level 4 (BSL 4) agents and w ould be Cate gory B or C
agents according to category definitions (3,4). 

Humans acquire yellow fever and dengue fe ver from the
bite of infected mosquitoes (57). Kyasanur Forest disease and
Omsk hemorrhagic fever are transmitted by tick bites (58,59). 

There have been no documented cases of person-to-per-
son transmission or nosocomial spread of fla viviruses. As
with RVF, there is a theoretical risk of fla viviruses becom-
ing established in an en vironment following infection of
susceptible arthropod vectors (1).

SIGNS AND SYMPTOMS

There are a v ariety of potential clinical manifestations fol-
lowing infection, but the dominant clinical feature of VHF
syndrome is acute fever with changes in vascular permeabil-
ity (hypotension, petechiae, unexplained hemorrhage, con-
junctival infection, flushing, edema) (60).  Other common
presenting complaints include malaise, prostration, myal-
gias, rash, headache, nausea, arhtralgias, abdominal pain,
and nonbloody diarrhea. Se vere VHF typically e volves to
shock and diffuse hemorrhage and is often accompanied by
neurological, hematopoietic, or pulmonary sequelae.

TYPICAL PRESENTATION OF VHF

Previously healthy person who becomes acutely ill with
high fever and the following signs and symptoms:
� Hemorrhagic manifestations (sometimes limited to

conjunctival infection and nose bleeds)
� Maculopapular rash in the absence of other dermato-

logic lesions
� Rapidly progressing illness leading to intractable shock
� Absence of cough or rhinorrhea
� Death within one week
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It is significant to note that in the absence of a known bioter-
rorist attack, the likelihood of acquiring VHF is extremely low
unless patients, within three weeks before onset of fe ver, meet
one of the following criteria (adapted from CDC) (61):
1. Traveled in the specific local area of a country where

VHF has recently occurred
2. Had direct contact with blood, other bodily fluids, secre-

tions, or excretions of a person or animal with VHF.
3. Worked in a laboratory or animal facility that handles

hemorrhagic fever viruses.
4. The cause of fever in persons who have traveled to VHF

endemic areas is more likely to be a different infectious
disease (e.g., malaria or typhoid fever) than VHF; evalu-
ation and treatment of these other potentially serious in-
fections should not be delayed. 
If there is a high suspicion for VHF, some clinical char-

acteristics may help to distinguish between agents (although
none are pathognomonic). Filoviruses, Rift Valley fever, and
flaviviruses tend to have a more abrupt onset of symptoms,
while arenaviruses have a more insidious onset. The
filoviruses and CCHF produce lar ge maculopapular rashes
and may often be accompanied by profound hemorrhagic
sequelae including disseminated intra vascular coagulation
(DIC) (Fig. 9-1). In contrast, hemorrhagic manifestations
are much less pronounced in Lassa fe ver, yellow fever, and
RVF. Jaundice is quite common in yellow fever, and retinitis
can be a distinguishing finding in RVF. 

Definitive diagnosis requires specif ic virologic diagno-
sis. The inoculation of cultured cells with serum, cere-
brospinal fluid (CSF), or other body fluids or tissue extracts
is the classical method to isolate and detect VHF viruses.
Tests used to detect virus in acutely ill patients include anti-
gen-capture enzyme-linked immunosorbent assay (ELISA),
electron microscopy, reverse-transcription polymerase chain
reaction (RT-PCR), modified conventional PCR (including
nested, seminested, and Southern blotting), and real-time re-
verse-transcription PCR (62). Real-time re verse-transcrip-
tion PCR has recently been sho wn to be a sensiti ve and
rapid diagnostic test with the added capability of being able
to screen for multiple pathogens simultaneously (63). These
assays are currently only available at CDC or the U.S. Army
Medical Research Institute of Infectious Diseases (USAM-
RIID) (63). 

Several new tests are being developed to allow quick de-
tection of virus-specific antibodies. The high virus concen-
tration of Ebola and Lassa fe ver patients often f acilitates
antigen detection (less sensitive than PCR but quicker) (64).
Another fairly simple test for Ebola virus can be performed
by immunoperoxidase staining of formalin-f ixed skin biop-
sies in infected individuals (65). This method has the advan-
tage of being simple, specific, and safe (fixed material does
not have to be handled in a BSL-4 laboratory). These tests
could be of paramount importance in the future of bioterror-
ism preparedness and response. Early and timely detection
of a VHF case will mak e it much easier to recognize addi-
tional victims and will also allo w public health of ficials to
dispatch appropriate information and precaution require-
ments. As new patients become diagnosed, they can be
linked to common places and areas of potential e xposure
leading to identification of the index case/sentinel source. 

If medical personnel suspect a diagnosis of VHF, they

should immediately report the case to their local public
health system, which will arrange for confirmatory testing to
be performed. No material should be shipped to the CDC or
USAMRIID laboratories without prior consultation. The fol-
lowing web sites offer more detailed instructions on packag-
ing biological agents suspected of being BSL-4 agents:

http://www.bt.cdc.gov/labissues/PackagingInfo.pdf
www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s1.htm. 

MEDICAL MANAGEMENT

Supportive care is the mainstay of treatment for VHF. Special
attention should be directed at maintaining fluid and elec-
trolyte balance, circulatory volume, and blood pressure. In
some cases, intravenous fluids may not be adequate to reverse
hypotension and may contribute to pulmonary edema (61). If
hypotension does not impro ve with fluid challenge, strong
consideration should be gi ven to early v asopressor support
(1). Anticoagulants, nonsteroidal anti-inflammatory drugs,
aspirin, and intramuscular injection are contraindicated.
Transportation of patients by air is contraindicated due to ef-
fects of changes in ambient pressure on lung-water balance.

DECONTAMINATION

If the attack is ongoing or recently detected, it is imperative
for patients directly e xposed to the agent to tak e a full body
shower with soap before entering the hospital. Weaponization
of VHF in a liquid suspension may also prolong the life of the
virus by several hours to several days depending on the trans-
port medium so thorough decontamination of garments and
bags is required. 

If an undetected bio weapon is released, at least a week
will elapse before significant numbers of patients become ill.
After this period of time, it is highly unlik ely that a VHF
agent will remain in the environment so there is not lik ely to
be a need for surface decontamination. 
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Figure 9–1. Isolated female patient diagnosed with Crimean-
Congo hemorrhagic fever (CCHF). [Courtesy of Dr. B.E. Hender-
son, Center for Disease Control—Public Health Image Library
(PHIL ID#2317).]
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Decontamination is a significant concern for all virus-con-
taining body fluids (emesis, diarrhea, blood, saliva) from sick
patients. Filoviruses have the capability of surviving at room
temperature in liquid or dried material for a number of days
(depending on initial virus concentration) (66). Steam sterili-
zation (thermal inactivation) is the most ef fective method of
inactivating VHF agents (63). For the decontamination of ob-
jects and surfaces that cannot be sterilized by steam, the CDC
recommends treatment with 1:100 dilution of household
bleach or any standard hospital disinfectant re gistered with
the U.S. Environmental Protection Agency (EPA) including
quaternary ammonium compounds and phenol products. 

Differential diagnosis should consider an extensive list of in-
fectious diseases (influenza, septic shock, toxic shock syn-
drome, meningococcemia, Rocky Mountain spotted fever, lep-
tospirosis, psittacosis, malaria, trypanosomiasis, plague, rubella,
measles, hemorrhagic smallpox), and several noninfectious
processes including idiopathic thromboc ytopenic purpura, he-
molytic uremic syndrome, and collagen vascular disease. 

New technologies are being developed to more effectively
inactivate VHFs. One of the more promising methods is inac-
tivation with surf actant nanoemulsion (67). Nanoemulsions
are a new form of disinfectant composed of deter gents and
vegetable oil suspended in water. These disinfectants have the
ability to inactivate purified Ebola virus within 20 minutes.
The advantage of nanoemulsions is that the y are noncorro-
sive, simple to use (the majority of inactivation tools currently
require additional protective measures from the disinfectant
itself), very effective, and mild enough to be used in pre ven-
tion of transmission through foodstuffs and skin/mucosa con-
tact. Future studies on nanoemulsions are planned.

DRUG THERAPY

There are no antiviral drugs approved by the U.S. Food and
Drug Administration (FDA) for the treatment of VHFs.
Ribavirin has been used with varying amounts of success in
cases of Lassa fe ver, New World hemorrhagic fever, RVF,
and CCHF. Ribavirin is a nonimmunosuppressi ve nucleo-
side analog with broad anti viral properties. Treatment is
most effective if begun within 7 days of onset. Current rec-
ommendations are to treat initially with ribavirin 30 mg/kg
intravenously, followed by 15 mg/kg e very 6 hours for 4
days, then 7.5 mg/kg every 8 hours for an additional 6 days
(68). Ribavirin is not approved by the FDA for this indica-
tion and should be administered under an in vestigational
new drug protocol. The primary adverse effect of ribavirin
is a dose-related, reversible, hemolytic anemia. Some car-
diac and pulmonary side ef fects have been reported with
combination treatments of riba virin-interferon therapy for
hepatitis C (69). No other FD A-approved antiviral com-
pounds are currently available for treatment of VHF. 

VACCINES

There is a paucity of ef fective vaccines for VHF. The only
licensed vaccine is a li ve attenuated v accine for yello w
fever. This has been shown to be highly effective in protect-
ing travelers to endemic areas (70), but it has not been effec-
tive in postexposure prophylaxis. The short incubation pe-
riod of yellow fever (3 to 6 days) does not provide adequate

time for infected patients to develop neutralizing antibodies
following vaccination. 

Considerable research is being done in the development of
future VHF vaccines. Promising results have been obtained in
studies of laboratory animals. An experimental “accelerated
vaccine” has been successful in pro viding immunity to non-
human primates within 28 days (71). This is considered a sig-
nificant development as previous Ebola vaccines required six
months and multiple boosters to confer immunity on
macaque monkeys (used in an attempt to prevent outbreaks in
Africa). The speed of the ne w vaccine permits a strate gy
called ring vaccination, which aims to contain an outbreak by
inoculating all possible contacts of the f irst detected cases.
Ring vaccination is considered a viable option for dealing
with other bioterrorist attacks (smallpox). A portion of the
Ebola virus genome is “stitched” to a modified adenovirus,
the virus responsible for the common cold, in order to de-
velop the new vaccine. This generates an aggressive immune
response from the host and teaches the immune system to rec-
ognize the protein encoded by the inserted gene. Should this
vaccine prove effective in humans, it could form the template
for developing emergency vaccines against numerous other
diseases including viral bioweapons (72). 

TRIAGE CONSIDERATIONS

Patients should be triaged according to their stage of disease
and projected survi vability based on the suspected agent.
Patients with the best chance of survi ving are those discov-
ered in the early stages of disease. 

Unfortunately, individuals with frank hemorrhage and
evidence of end-or gan damage are lik ely to progress to
shock and death despite best medical care. These patients
should be of fered supportive care. It is also signif icant to
note that patients in the latter stages of illness (characterized
by vomiting, diarrhea, and hemorrhage) pose the greatest
threat of transmission. These patients should be remo ved
from public spaces such as an emer gency department wait-
ing room and quarantined if possible.

PERSONAL PROTECTION

Caution should be e xercised in e valuating and treating pa-
tients with suspected VHF. The most common mechanism of
human-to-human transmission and nosocomial infection is
direct contact with blood, secretions, body fluids, and in-
fected tissue. Particularly significant to hospital personnel is
the finding that self-inoculation frequently occurs when
virus-containing material on contaminated hands of care-
givers makes contact with their o wn eyes and mouths (65).
This mode of transmission w as duplicated in laboratory e x-
periments where monkeys were lethally infected by instilling
drops of virus-containing fluid into their eyes and mouths (8). 

Close attention to universal precautions should be used at all
times. A consensus statement by 29 medical specialists (1) rec-
ommends “VHF-specific precautions” including: strict adher-
ence to hand hygiene, double gloves, impermeable gowns, N-95
masks or powered air-purifying respirators, negative isolation
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room with 6 to 12 air changes per hour, leg and shoe coverings,
face shields, goggles for e ye protection, restricted access of
nonessential staff and visitors to patient’ s room, and environ-
mental disinfection with an EPA-registered hospital disinfectant
or 1:100 dilution of household bleach. We also recommend haz-
ard labeling of specimens submitted to the lab, limiting mem-
bers of the patient care team to selected trained indi viduals, and
special attention directed to ward eliminating parenteral e xpo-

sures when possible (endoscop y, respirators, arterial catheters,
phlebotomy, and laboratory analysis increase opportunities for
dissemination of infectious blood and body fluids).

In past outbreaks, the greatest risk of transmission from
sick to healthy people occurred during the opening phase
when patients were being cared for by f amily members with-
out appropriate precautions. F amily members should recei ve
appropriate instruction and education on precautions and risks. 

SUMMARY Key Features of Viral Hemorrhagic Fevers

Family: Filoviridae
Genus: Filovirus
Virus (Disease): Ebola virus (Ebola hemorrhagic fever)

Marburg virus (Marburg hemorrhagic fever)
� Vector in nature = Unknown
� Geographic distribution = Africa
� Person-to-person transmission = Yes (Direct contact)
� Incubation period = 2 to 21 days
� Mortality = 50% to 90%
� Treatment = Supportive

Family: Arenaviridae
Genus: Arenavirus 
Virus (Disease): Lassa virus (Lassa fever)

Junin virus (Argentine hemorrhagic fever)
Machupo virus (Bolivian hemorrhagic fever)
Sabia virus (Brazilian hemorrhagic fever)
Guanarito virus (Venezuelan hemorrhagic fever)

� Vector in nature = Rodent
� Geographic distribution = West Africa (Lassa), South America (Junin, Machupo, Sabia, Guanarito)
� Person-to-person transmission = Yes
� Incubation period = 5 to 16 days
� Mortality = 15% to 20%
� Treatment = Ribavirin, supportive

Family: Bunyaviridae
Genus: Nairovirus, Phlebovirus, Hantavirus
Virus (Disease): Nairovirus (Crimean-Congo hemorrhagic fever)

Phlebovirus (Rift Valley fever)
Hantavirus (Hantavirus hemorrhagic fever)

� Vector in nature = Tick (CCHF)
Mosquito (RVF)
Rodent (HV)

� Geographic distribution = Africa, central Asia, eastern Europe, Middle East (CCHF)
Africa, Saudi Arabia, Yemen (RVF)
Asia, Balkans, Europe, Eurasia (HV)

� Person-to-person transmission = No
� Incubation period = 2 to 6 days
� Mortality = 3% to 50% (CCHF)

<1% (RVF)
50% (Hantavirus)

� Treatment = Supportive



RESOURCES

1. In the event of an actual or threatened bioterrorist incident,
immediately contact your state and local public health 
office (a list of these can be found at 
http://www.statepublichealth.org/index.php and the CDC
web site: http://www.bt.cdc.gov/emcontact/index.asp).

2. For detailed packaging instructions on shipping BSL-4
agents, visit 
http://www.bt.cdc.gov/labissues/PackagingInfo.pdf.
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s1.htm.

3. Borio L, Inglesby T, Peters CJ, et al. Consensus state-
ment—hemorrhagic fever viruses as biological weapons:
medical and public health management. JAMA.
2002;287(18):2391-405.

4. Drosten C, Kummerer BM, Schmitz H, Gunther S. 
Molecular diagnostics of viral hemorrhagic fevers. 
Antiviral Res. 2003;57:61-87.

QUESTIONS AND ANSWERS

1. The viral hemorrhagic fevers are a diverse group of
enveloped RNA viruses. What type of virus are Ebola
and Marburg examples of?

A. Filovirus
B. Flavivirus
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SUMMARY Key Features of Viral Hemorrhagic Fevers (continued)

Family: Flaviviridae
Genus: Flavivirus 
Virus: Dengue virus (dengue fever, dengue hemorrhagic fever, hemorrhagic fever with renal syndrome)

Yellow fever virus (yellow fever)
Omsk hemorrhagic fever virus (Omsk hemorrhagic fever) 
Kyasanur Forest disease virus (Kyasanur Forest disease)

� Vector in nature = Tick (dengue fever and yellow fever)
Mosquito (Omsk and Kyasanur)

� Geographic distribution  = Asia, Africa, Pacific, Americas (dengue fever)
Africa, tropical Americas (yellow fever)
Central Asia (Omsk hemorrhagic fever)
India (Kyasanur Forest disease)

� Incubation period = 3 to 5 days (dengue fever, but unknown for dengue hemorrhagic fever)
3 to 6 days (yellow fever)
2 to 9 days (Omsk and Kyasanur hemorrhagic fever)
Unknown for dengue hemorrhagic fever

� Mortality = 5% to 20% (dengue hemorrhagic fever)
3% to 6% (yellow fever)
0.5% to 10% (Omsk hemorrhagic fever)
3% to 10% (Kyasanur Forest disease)

� Treatment = Supportive

C. Arenavirus
D. Bunyavirus
E. Togavirus

2. Appropriate treatment for VHF patients include all of
the following EXCEPT:

A. Supportive measures
B. Drug therapy when indicated
C. Anticoagulation
D. Early consideration of pressors when hypotension

becomes an issue
E. Hemodynamic monitoring

3. Laboratory methods for diagnosing VHF include
A. Real-time reverse transcription PCR
B. Electron microscopy
C. Enzyme-linked immunosorbent assay (ELISA)
D. Cell culture with anyline dye staining
E. Immunoperoxidease staining of formalin-fixed

skin biopsies

4. VHF precautions should include
A. Double gloves
B. N-95 masks
C. Restricted access of nonessential staff and visitors

to patient’s room
D. None of the above
E. All of the above

ANSWERS
1: A. Filovirus
2: C. Anticoagulation

http://www.statepublichealth.org/index.php
http://www.bt.cdc.gov/emcontact/index.asp
http://www.bt.cdc.gov/labissues/PackagingInfo.pdf
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4s1.htm


3: D. Cell culture with anyline dye staining
4: E. All of the above
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Lesser Known Biological Agents and
Potential Threats
Teriggi J. Ciccone and Seric S. Cusick

TULAREMIA

Tularemia is a bacterial zoonosis caused by Francisella tu-
larensis, a facultative intracellular aerobic gram-ne gative
coccobacilli. Several other names ha ve been used to de-
scribe this disease, including rabbit fe ver, deerfly fever,
market men’s disease, or Francis disease. First described in
rodents during the early 20th century in Tulare County, Cali-
fornia, tularemia results in multiple clinical manifestations
in infected humans (1). Clinical disease is caused by tw o
isolates, known as Biovars Jellison Type A and B. This or-
ganism is found throughout most of the world with predom-
inance in the Northern Hemisphere. Tularemia is endemic in
the United States, northern Europe, Scandinavia, and the
former Soviet Union. Cases have been reported in all of the
continental United States, predominantly in southern and
western states. From 1990 to 2000, 1,368 cases of tularemia
were reported in the United States, with more than half of
the cases occurring in Missouri, Arkansas, South Dakota,
and Oklahoma (2).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Human tularemia infection occurs after e xposure to the
causative agent via insect bite or contact with contaminated
substances. Arthropod vectors include ticks, deerflies, and
mosquitoes. The natural reservoir for F. tularensis includes
rabbits, rats, mice, squirrels, beavers, and deer. Infection can
be introduced cutaneously or through mucous membranes
after insect or animal bite, handling infected animal car-
casses, or exposure to contaminated w ater. Respiratory ex-
posure to tularemia occurs via inhalation of contaminated
soil, dust, or other particles. Disease can also occur after in-
gestion of contaminated animal products or w ater. Human-

to-human transmission of tularemia has not been reported.
Tularemia has been recognized as a possible bio weapon
since the 1940s. The United States produced and maintained
offensive tularemia during the 1950s and 1960s (3,4). A
startling World Health Organization report from 1970 pre-
dicted that 50 kg of tularemia disseminated within a popula-
tion of 5 million persons w ould result in 250,000 injuries
and 19,000 deaths (5,6).

Tularemia is classified as a category A agent by the Cen-
ters for Disease Control and Prevention (CDC) (7) and rep-
resents a threat for several reasons. The Jellison Type A iso-
late is highly virulent, causing disease in humans with
exposure to fe wer than 10 bacteria when inhaled (8–10).
This agent could be aerosolized and potentially spread o ver
a large area causing pulmonary tularemia. Additionally, tu-
laremia is a highly morbid disease, imposing a signif icant
burden of disease on the victims, and untreated tularemia
carries a mortality of upw ard of 33% (11). In addition to
being highly virulent and morbid, F. tularensis can survive
for prolonged periods of time in freezing conditions, mak-
ing its storage and potential shipment relati vely simple. In-
fected frozen rabbit meat has been sho wn to remain infec-
tive for greater than 3 years (12).

SIGNS AND SYMPTOMS

Tularemia causes multiple disease syndromes in infected hu-
mans depending on the site and amount of inoculum. Incuba-
tion periods after e xposure generally range between 3 and 6
days. Initial symptoms are nonspecif ic and can mimic flulik e
or upper respiratory infections. Abrupt onset of fe ver with
chills, myalgias, cough, fatigue, and sore throat are the earliest
symptoms. Pulse-temperature disassociation has been noted in
a large number of patients (11). Be yond this initial period,
more readily identifiable syndromes develop.

Ulceroglandular tularemia is the most frequent naturally
occurring form of the disease. Lesions on the skin or mucous
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membranes accompanied by re gional lymphadenopathy
characterize this form (13). Infection occurs after inoculation
of skin or mucous membranes. A tender, erythematous
papule develops a few days after inoculation. The lesion soon
begins to ulcerate within a fe w days with the onset of sys-
temic symptoms, with a granulomatous base and indurated,
raised borders. Lesions range in size between 0.5 and 10 cm.
As the disease process progresses, an eschar may form o ver
the ulcer. Ulcers and lymphadenopathy may persist for
months after onset if left untreated, with lymph nodes drain-
ing out onto the skin (13,14). Glandular tularemia is a syn-
drome in which regional lymphadenopathy occurs without a
frank ulcer. Oculoglandular tularemia results from inocula-
tion of the e ye. Purulent, painful conjunctivitis, chemosis,
and lymphadenitis are predominant features.

Tularemic pneumonia caused by inhalation of infectious
particles produces a different symptom complex and occurs
in approximately half of all cases of tularemia. This syn-
drome would be the one most likely occurring during bioter-
rorist attacks via airborne dispersion of infecti ve particles.
Patients become ill 3 to 5 days after e xposure. Early consti-
tutional symptoms are often noted before more specific pul-
monary manifestations. After 3 to 6 days, sore throat, cough,
dyspnea, pleuritic chest pain, and hemoptysis develop. In a
majority of cases, patchy bilateral inf iltrates or lobar con-
solidation with or without pleural effusions may make this
disease indistinguishable from other pneumonias. More 
advanced cases of tularemic pneumonia cause pleuropneu-
monitis accompanied with hilar lymphadenopathy; however,
these radiographic signs may be nonspecif ic or absent. Left
untreated, tularemic pneumonia can lead to worsening respi-
ratory failure and acute respiratory distress syndrome re-
quiring assisted ventilation (12–14).

Oropharyngeal tularemia occurs after ingestion of con-
taminated water, plant, or animal products. This syndrome is
characterized by pharyngitis, stomatitis, and prominent cer-
vical lymphadenopathy, mimicking acute streptococcal
pharyngitis (15,16). Ulcerations may form on the oropha-
ryngeal mucosa. Abdominal pain, nausea, vomiting, and di-
arrhea may also occur.

Typhoidal tularemia occurs when systemic illness pres-
ents without a clear localizing source of inoculation. Tu-
laremic sepsis is the most se vere form of disease. The pa-
tient may present febrile, obtunded, and hypotensive and
ultimately may de velop multiorgan failure including dis-
seminated intravascular coagulation, acute renal failure, and
meningitis (14,15). Left untreated, this syndrome may result
in a fatality rate up to 60% (8,12,13).

MEDICAL MANAGEMENT

The diagnosis of tularemia is challenging for a number of
reasons. It is a relatively rare naturally occurring disease and
thus not initially suspected by physicians. No specif ic rapid
diagnostic test is readily a vailable in most settings (8,13).
From a laboratory perspective, the extremely high virulence
of tularemia limits the number of laboratories that can safely
work with this bacterium. Additionally, routine Gram stains
and cultures from v arious sources are unreliable. Serologi-
cal testing using late x agglutination or enzyme-link ed im-

munosorbent assays are a vailable; however, the utility of
these studies in an acute outbreak is questionable because
the serum antibodies required for serological testing do not
develop for days to weeks after infection (13). More rapid
diagnostic tests include direct fluorescence antibody and
immunohistochemical studies. The use of these modalities
is limited by the lack of appropriate equipment and person-
nel in many hospital laboratories. Most often these studies
require samples to be sent to a reference laboratory , adding
further delay to the diagnosis. 

Given the nonspecific presentations of tularemia and the
lack of rapid diagnostic testing, the physician’s clinical sus-
picion becomes critically important. Tularemia should be
suspected in cases where a large number of patients within a
specific geographical area develop symptoms of severe res-
piratory and systemic infections. A cluster of atypical pneu-
monia with hilar lymphadenopathy in otherwise healthy pa-
tients should raise suspicion for possible bioterrorist attack
and prompt further actions. Hospital infectious disease au-
thorities should be notified, and a report should be made to
local and regional health departments. Clusters of tularemic
pneumonia should also be reported to local law enforcement
agencies and the Federal Bureau of Investigation.

Routine laboratory data is nonspecif ic but may reveal a
mild leukocytosis with a lymphocytosis (11,13,15,17). Chest
roentgenograms should be obtained on all patients with non-
specific pulmonary symptoms searching for pleuropneu-
monitis and hilar lymphadenopathy . Cultures from blood,
sputum, conjunctival, and oropharyngeal secretions should
be collected and sent to appropriate laboratories for culture
on glucose c ysteine blood agar or thioglycollate broth
(8,13). 

Aminoglycoside antibiotics, specifically streptomycin,
are considered the drugs of choice for the treatment of tu-
laremia (8,12,13,15). Streptomycin is dosed as 1g intramus-
cularly (IM) twice daily for adults, and 15 mg/kg IM twice
daily for children. Where streptomycin is una vailable or
contraindicated, gentamicin at 5 mg/kg intra venously (IV)
daily can be used for adults; 2.5 mg/kg IV three times a day
can be used in children. Treatment should continue for 10
days. Alternative choices include doxyc ycline, chloram-
phenicol, and ciprofloxacin.

A bioterrorist attack has the potential to cause massi ve
outbreaks of tularemia. Under such circumstances, the use
of IV antibiotics on a lar ge scale may not be feasible. The
Working Group on Civil Biodefense recommends the use of
oral antibiotics in mass casualty e vents (8). Both doxyc y-
cline and ciprofloxacin are recommended for both adults
and children. Doxyc ycline dosing is 100 mg orally twice
daily for adults and 2.2 mg/kg orally twice daily for children
under 45 kg. Ciprofloxacin dosing is 500 mg orally twice
daily for adults and 15 mg/kg orally twice a day for chil-
dren. Treatment should continue for 14 days. 

Methods of postexposure prophylaxis have been recom-
mended for lar ge-scale tularemia attacks. A study in the
1960s found human volunteers treated with tetracycline for
24 hours prior to aerosolized tularemia e xposure were pro-
tected from disease (18). In the e vent of a known tularemia
attack before the mass outbreak of symptoms, postexposure
prophylaxis with doxycycline or ciprofloxacin should be ad-
ministered to potential victims. In the event of an attack that
is not apparent until patients be gin manifesting signs and



Q FEVER

Q fever is a febrile illness originally described in 1935 as
Query fever prior to the discovery of the infectious agent
Coxiella burnetii. This obligate intracellular, gram-nega-
tive coccobacillus has a w orldwide zoonotic reserv oir.
The organism is located within the acidif ied phagolyso-
somes of eukaryotic cells and may sporulate in the pres-
ence of unfavorable environmental conditions. 

THEORETICAL AND SCIENTIFIC
BACKGROUND

An illness initially disco vered during an outbreak among
abattoir workers in Australia, Q fever remains a disease
found primarily among persons in contact with infected
livestock. Its zoonotic reserv oir is broad, infecting mam-
mals, birds, and arthropods. Arthropod carriage is thought
to be an important source for enzoonotic transmission b ut
not human infection (19). Cattle, sheep, and goats are the
most common sources of human infection. The bacteria
are concentrated in the placenta of mammals and may be
shed in milk, urine, and feces. Inhalation of a single
aerosolized bacterium may be sufficient to cause human in-
fection. This respiratory route is the primary mode of trans-
mission. Due to high concentration of or ganisms in birth
products, persons in contact with parturient animals are at
particularly high risk for contracting the disease. C. burnetii
has a mark ed ability to resist heat and desiccation, and
locations at which parturition occur may contain infecti ve
particles for weeks. Although less common, infection may
also occur through ingestion of raw milk products, requiring
a significantly larger inoculum (21). Human-to-human
transmission is re garded as rare b ut has been reported in
cases of blood transfusion, transplacental congenital infec-
tion, upon autopsy of infected cadavers, and by a case report
of an obstetrician becoming infected while performing a
therapeutic abortion on an infected w oman (21). Se xual
transmission has been demonstrated in the murine model
and was recently reported in the case of an occupationally
exposed man potentially transmitting the bacterium to
his wife (22). The organism’s potential infecti vity is fur-
thered by the ability to tra vel long distances windborne or
upon contaminated fomites. Downwind reach of C. burnetii
in a hypothetical biological attack is estimated to be 20
km (4).

Once infected, most often via the aerosol route, the or-
ganism replicates during a 1- to 6-week incubation pe-
riod (19,21,23). Late in this phase, a transient bacteremia
ensues, providing the opportunity for hematogenous
seeding of multiple organ systems. Infection with C. bur-
netii may be asymptomatic in over 50% of cases (19,21).
Acute Q fever is typically a self-limited, febrile illness.
However it may also present as atypical pneumonia, hep-
atitis, myocarditis, pericarditis, or encephalitis. Mortality
rates of untreated acute Q fe ver are 1% to 2% with mor-
tality rates in treated patients being less than 1% (21). A
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symptoms of tularemia, asymptomatic patients within the
attack area should begin a fever watch and begin postexpo-
sure prophylaxis if fever develops (8). 

TRIAGE CONSIDERATIONS

Because there has ne ver been a reported case of tularemia
spread between humans, no specific isolation is required for
patients in whom this diagnosis is suspected. In the event of
a mass casualty event, priority should be given to those pa-
tients with more se vere respiratory signs and symptoms
such as hypoxia, tachypnea, and respiratory failure. These
patients may require immediate adv anced airway interven-
tions. The larger remainder of amb ulatory patients with
symptoms of pneumonia should be triaged based on acuity
and comorbid factors. Children and the elderly may develop
disease in a more rapid and severe fashion.

PERSONAL PROTECTION

Universal precautions should be observ ed for patients with
suspected tularemia. A 0.5% hypochlorite solution can be
used to sanitize bedding and surf aces contacted by patients
with tularemia (19). Although no human-to-human trans-
mission has been reported, the high virulence of tularemia
in culture requires e xtreme caution for laboratory w orkers.
Highly trained personnel should perform cultures in a spe-
cially equipped reference laboratory . Laboratory w orkers
should wear impervious f ace masks, gloves, and gowns
under negative-pressure microbiological cabinets (12).

Vaccination against tularemia w as initiated in the 1930s
in the former Soviet Union in endemic areas (20). A live at-
tenuated vaccine has been used in a limited setting among
high-risk personnel such as laboratory technicians in the
United States. Use of this vaccine is currently under review
by the Food and Drug Administration. The Department of
Defense maintains this v accine as an in vestigational new
drug at the U.S. Army Medical Research and Material Com-
mand at Fort Detrick, Maryland (13).

SUMMARY

� Tularemia is an ef fective bioweapon due to its
virulence, high morbidity and mortality, and ease
of storage, transport, and dispersion by aerosol.

� Although tularemia causes multiple clinical syn-
dromes, a primarily respiratory disease would re-
sult from a bioterrorist attack via aerosolized par-
ticles.

� Aminoglycosides, specifically streptomycin, are
the treatments of choice for tularemia. In mass
casualty events, oral doxycycline and
ciprofloxacin should be used.



chronic form of Q fe ver may ensue and is most com-
monly characterized by endocarditis and/or chronic gran-
ulomatous hepatitis. Persons with underlying cardiac
valvular abnormalities and v arious immunodeficiencies
are most susceptible to developing chronic Q fever. 

The prevalence of acute Q fe ver is difficult to assess
and varies dramatically worldwide. It is unclear whether
this reflects actual difference in the number of cases, dis-
crepancy in the level of physician awareness, a lack of di-
agnostic capabilities, or a combination of these f actors.
Annual incidence in the United States is reported as 20,
with an unknown incidence worldwide (19).

C. burnetii has long been recognized as a potential bi-
ological agent, as evident by testing that be gan in the
1950s at F ort Detrick by the U.S. War Reserve Service
(4). This microbe was maintained in the U.S. biological
arsenal prior to the destruction of such materials in the
early 1970s. More recently, the Japanese cult responsible
for the March 1995 sarin attack of a Tokyo subway was
found to be experimenting with several biological agents,
including C. burnetii. This agent’s utility in bioterrorist
attacks is enhanced by high infecti vity, expansive wind-
borne reach, and its ability to resist unf avorable condi-
tions. However, it is limited as a biological agent due to
its prolonged and varied incubation period, the relatively
low morbidity and mortality, and the near absence of per-
son-to-person transmission.

SIGNS AND SYMPTOMS

Acute Q fever most commonly presents as a nonspecif ic
febrile illness characterized by an acute onset of
headache, fatigue, myalgias, fever, and chills. Another
common and often misdiagnosed presentation is atypical
pneumonia, which can range from an incidental f inding
on chest radiograph to, rarely, acute respiratory distress.
Clinically evident hepatitis occurs in up to one-third of
patients with acute Q fe ver and may be accompanied by
nausea and vomiting, but it is rarely associated with ab-
dominal pain, jaundice, or marked hepatic dysfunction
(19,24). Additionally, it has become increasingly recog-
nized that Q fe ver may be associated with v arious exan-
thems, including pink macules and purpura. Physical e x-
amination is often unre vealing but may be notable for
inspiratory crackles, hepatomegaly, or splenomegaly, in
addition to fever and cutaneous findings. The combination
of fever, pneumonia, and acute hepatitis should alert the
physician to the possibility of acute Q fever.

MEDICAL MANAGEMENT

Often the presentation of acute Q fe ver resembles that of
other pneumonias or viral syndromes. Initial diagnostic
evaluations may yield nonspecific results. A normal white
blood cell count is found in the majority of patients. How-

ever, increased transaminase le vels and an ele vated ery-
throcyte sedimentation rate are present in o ver half of
those presenting with acute Q fe ver (21,23,24). Thrombo-
cytopenia and increased serum creatinine are present in a
small fraction of patients. Chest radiographs may be con-
sistent with atypical pneumonia, with increased reticular
markings, multiple opacities, atelectasis, or pleural ef fu-
sion. C. burnetii remains difficult to culture, and diagnosis
requires serological tests with subsequent comparison be-
tween acute and con valescent phase sera. The diagnostic
examinations of choice are indirect immunofluorescence
(IFA) and enzyme-linked immunosorbent assay (ELISA). 

Diagnosis of Q fe ver resulting from a bioterrorist at-
tack may prove challenging for physicians. The prolonged
incubation time and diverse, often nonspecific, symptoms
contribute to the potential dif ficulty in diagnosis. An in-
creasing number of otherwise healthy persons with a sim-
ilar constellation of symptoms may allow the physician to
consider a common exposure to C. burnetii.

Acute Q fe ver is often a self-limited disease that re-
solves without the administration of antimicrobial agents.
However, a 5- to 7-day course of tetrac ycline (500 mg
orally every 6 hours) or doxycycline (100 mg orally every
12 hours) is recommended as first-line therapy in order to
reduce the rate of complications and the duration of ill-
ness. Fluoroquinilones may serv e as an alternati ve in the
case of meningoencephalitic disease or tetrac ycline intol-
erance (19,21). 

TRIAGE CONSIDERATIONS

For nearly all persons with Q fe ver, triage will proceed
according to standard emergency department practice. Pa-
tients with the rarer se vere manifestations of Q fe ver
should be triaged according to the presenting clinical pic-
ture. Respiratory isolation is not recommended gi ven the
absence of e vidence supporting human-to-human trans-
mission via respiratory droplets.

PERSONAL PROTECTION

Health care workers are advised to use standard precau-
tions when caring for patients potentially afflicted with Q
fever. One group recommends contact plus droplet pre-
cautions during obstetrical procedures for infected pre g-
nant women (25). Given documented transmission among
laboratory personnel, BSL3 containment practices are re-
quired. Decontamination may be performed using 0.5%
hypochlorite, 1% Lysol, 2% formaldehyde, or 5% hydro-
gen peroxide. Postexposure prophylaxis should consist of
doxycycline for 5 days, beginning 8 to 12 days after expo-
sure (19). For those at high risk for contracting the dis-
ease, a vaccine may be obtained from USAMRIID (F ort
Detrick, MD) as an investigational new drug.
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SUMMARY

� Q fever is most often an asymptomatic or self-
limited febrile illness caused by infection with
Coxiella burnetii.

� The triad of fever, atypical pneumonia, and acute
hepatitis may help identify cases of acute Q fever
presenting to the emergency department.

� The use of C. burnetii as a biological weapon is
aided by its stability , infectivity, and windborne
reach but limited by the low morbidity/mortality,
infrequent person-to-person transmission, and a
prolonged incubation period.

BRUCELLOSIS

Brucellosis, also known as undulant fe ver, malta fever,
and mediterranean fever, is caused by an aerobic, faculta-
tive, intracellular, gram-negative coccobacillus. It is cate-
gorized as a category B agent by the CDC (7). The organ-
ism is found throughout the w orld, with predominance in
agrarian areas around the Mediterranean Sea, Middle
East, Indian subcontinent, and Latin America with poor
food sanitation standards. The disease is rare in the
United States and generally conf ined to veterinarians and
those with occupational e xposure to li vestock. Between
1992 and 1999, 813 cases of brucellosis were reported in
the United States, with more than half occurring in Cali-
fornia and Texas (26). Natural reservoirs include domesti-
cated animals such as cattle, goats, pigs, sheep, and dogs.
Several species are found in these dif ferent animal hosts.
Brucella abortus occurs in cattle, B. melitensis in sheep
and goats, B. suis in swine, and B. canis in dogs. Brucel-
losis is notable for its protean clinical manifestations and
nonspecific presentations (15,27).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Humans become infected with brucellosis through a num-
ber of mechanisms. Most commonly, natural infection oc-
curs after ingestion of contaminated animal products, par-
ticularly unpasteurized milk and cheese. Skin or mucous
membrane contact with contaminated animal products
also causes disease. Infection may occur via the respira-
tory tract through inhalation of infected particles. As with
other potential bioterrorist agents, Brucella species are
highly virulent when inhaled, with only 10 to 100 or gan-
isms required to cause infection (28). Spread of brucel-
losis between humans is not belie ved to occur. Brucella

use as a bioweapon is aided by its ability to survive under
hostile conditions outside of the host for prolonged 
periods of time. Brucella bacterial may survive up to 10
weeks in water and soil (29).

Brucellosis was one of the f irst biological agents
weaponized by the United States in the 1940s (19,29).
However, despite its relative high virulence, its use as a
potential bioterror weapon is limited. Unlik e many other
bioweapons, infection with brucellosis does not carry a
high mortality rate. Untreated disease only causes death
in about 2% of victims, usually from endocarditis
(12,29–31). Additionally, a prolonged incubation period
lasting up to months mak es brucellosis a less ef fective
bioweapon than other inhaled bacteria such as anthrax,
plague, and tularemia.

SIGNS AND SYMPTOMS

After infection, the bacterium survi ves intracellularly in
host monocytes and leuk ocytes and spreads hematoge-
nously to various organs, leading to the wide v ariety of
both systemic and localized disease noted in brucellosis
infections. Incubation periods can range from 5 days to
months after exposure. Most often, patients have nonspe-
cific systemic complaints such as fe ver, chills, sweats,
headache, fatigue, and weakness. The fever pattern is
classically intermittent and irre gular over weeks to
months in the untreated patient.

Localizing symptoms in volved the gastrointestinal
tract in up to 70% of patients (29). P atients often present
with anorexia, nausea, vomiting, diarrhea, and abdominal
pain. Spread to the liver may cause liver abscesses, hepa-
titis, and hepatomegaly. Pancreatitis, cholecystitis, and
splenic abscesses may result from hematogenous spread.
Arthralgias of the axial skeleton and large joints, particu-
larly sacroilitis, occur in 20% to 60% of cases and can
lead to osteomyelitis (29). Acute orchitis and epididymitis
may occur in the setting of systemic illness (32). Pul-
monic manifestations are rare, even if the or ganism in-
fects the host via the respiratory tract (21). When present,
pulmonic manifestations include interstitial pneumonitis,
hilar lymphadenopathy, pleural effusions, and empyema.
Less commonly, central nervous system (CNS) manifesta-
tions ranging from depression and difficulty with concen-
tration to meningitis, encephalitis, and brain abscesses
occur (27). Endocarditis occurs in less than 2% of cases
but is the primary cause of death from brucellosis.
Chronic forms of disease may result in prolonged com-
plaints of f atigue, anorexia, and depression, mimicking
chronic fatigue syndrome (15). Findings on routine labo-
ratory data may re veal anemia with thromboc ytopenia.
The serum white blood cell count may be lo w or normal,
with lymphocytic pleocytosis occasionally found. Mildly
abnormal liver function tests may also be seen with he-
patic involvement (29,30). Cerebrospinal fluid (CSF)
analysis in cases of CNS involvement may reveal lympho-
cytic pleocytosis and an elevated protein level. CSF Gram
stain and culture are often negative.
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MEDICAL MANAGEMENT

The nonspecific protean presentations of brucellosis make it
a difficult diagnosis. When suspected, blood or other poten-
tially infected tissues should be sent for culture. Bone mar-
row culture has been found to ha ve higher yield than blood
cultures (27). Brucella species are exceeding slow to grow
in culture, and the culture must be maintained for 4 to 6
weeks. In cases of a potential bioterrorist attack, a more
rapid diagnostic test is required. Serum agglutination tests
exist and can be performed more rapidly than cultures. Al-
though most patients with active infection will have positive
serological test results with titers greater than 1:160, diag-
nosis using these methods can result in false negative results
(27,30).

In the setting of a possible bioterrorist attack, physicians
noting a large number of otherwise healthy individuals with
vague multisystem complaints and a lack of historic e xpo-
sure to animal products or livestock need to consider brucel-
losis as a possible etiology. Because of the slow incubation
period of brucellosis, these trends may only be noted over a
matter of weeks to months.

Treatment of brucellosis requires multiple agents for a
prolonged period of time to a void relapse (27,29,30). In a
majority of cases, doxycycline 100 mg twice daily plus ri-
fampin 600 to 900 mg per day orally is the recommended
treatment regimen. In more severe cases, rifampin should be
substituted with streptomycin 1 g IM per day for the f irst 3
weeks (33). In children, trimethoprim-sulfamethoxazole has
shown promise when combined with rif ampin, although re-
lapse rates are higher when compared with patients treated
with doxycycline (34). CNS in volvement may require a
third-generation cephalosporin such as ceftriaxone (19,25).
Corticosteroids have been recommended for cases of neuro-
brucellosis (19,27).

Postexposure prophylaxis for inadv ertently inoculated
persons consists of a combination of doxyc ycline and ri-
fampin for 3 weeks. This regimen could theoretically be
used in high-risk patients after a biological attack. There is
no vaccine available for brucellosis.

TRIAGE CONSIDERATIONS

Because transmission of brucellosis between humans is not
thought to occur , no specific isolation precautions are re-
quired in suspected cases. Because of the relatively indolent
course of brucellosis and its low mortality, a true mass casu-
alty scenario with a large number of critically ill patients ar-
riving for medical treatment at the same time w ould be un-
likely, even after a bioterrorist attack. 

PERSONAL PROTECTION

Health care w orkers should practice uni versal precautions
when caring for patients with brucellosis. Material and sur-
faces contacted by infected patients can be adequately disin-

fected with a 0.5% hypochlorite solution (19). Due to this
agent’s high virulence when inhaled, laboratory personnel
should be trained in isolation measures and w ork with cul-
ture samples under negative-pressure precautions.

SUMMARY

� Brucellosis represents a moderate threat in a po-
tential bioterrorist attack because of its high viru-
lence when inhaled. Ho wever, a prolonged incu-
bation period and lo w mortality make it a lesser
threat than other inhaled bacteria.

� Brucellosis is known for its protean, multisystem
manifestations and indolent course, making it an
especially challenging diagnosis.

� Treatment of brucellosis requires prolonged treat-
ment, ideally with doxycycline and rifampin.

FOOD AND WATERBORNE PATHOGENS

This group of agents includes those that cause acute diarrheal
illness after ingestion of a contaminated food or w ater source.
Several bacteria ha ve been implicated in acts of bio warfare
and/or mass epidemics, including Vibrio cholerae, Shigella
dysenteriae, Salmonella species, and Escherichia coli
O157:H7. Viral pathogens—such as rota virus and Norw alk
virus—are also frequent causes of outbreaks of gastroenteritis.

THEORETICAL AND SCIENTIFIC
BACKGROUND

Vibrio cholerae is transmitted via the fecal-oral route,
through contaminated water or vegetables, or by ingestion
of undercooked marine shellfish serving as reserv oirs. The
organism may survive for 5 to 10 days on foodstuffs (35). It
is a cause of epidemic diarrhea throughout much of the de-
veloping world. Large numbers of the organism must be in-
gested to cause disease because of its susceptibility to stom-
ach acid. Toxins produced by the bacteria result in massi ve
watery diarrhea due to chloride and w ater secretion. Elec-
trolyte imbalance and dehydration are the primary cause of
morbidity and mortality, with fatality rates as high as 50%
in untreated cases yet limited to less than 1% if treated (36).

Shigella dysenteriae causes an inflammatory, bloody di-
arrhea that may be spread person to person via the fecal-oral
route or less commonly by food- and waterborne outbreaks.
An inoculum of as few as 100 organisms may result in dis-
ease. Following a 1- to 4-day incubation period, a self-lim-
ited 5- to 7-day illness ensues. Patients may shed the organ-
ism in fecal matter for weeks after symptoms subside.
Mortality is rare in otherwise healthy individuals, but docu-
mented complications include hemolytic-uremic syndrome
and toxic megacolon.
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Salmonella species include those responsible for typhoid
fever and those associated with enterocolitis. S. typhi and
paratyphi cause systemic febrile illnesses that require person-
to-person transmission. The mortality rate of treated typhoid
fever is extremely low, but a chronic carrier state with fecal ex-
cretion of the bacteria may occur . The nontyphoidal species
are commonly associated with food-borne outbreaks due to
contamination with human or animal w aste. The incubation
period is 6 to 48 hours, and a self-limited diarrheal illness of 3
to 7 days follows. Severe disease may be observ ed in infants
and the elderly, with mortality rates in the United States less
than 1%. 

Infection with Escherichia coli O157:H7 results in a toxin-
mediated hemorrhagic colitis. It may be transmitted person to
person, but the major source of infection is contaminated
ground beef. The bacteria are relatively stable in the environ-
ment and may contaminate w ater supplies and other food
sources. The illness is characterized by bloody stools and re-
solves within 1 week. A potential complication of this infec-
tion is hemolytic-uremic syndrome, which is associated with a
3% to 5% mortality rate.

Rotavirus is a common cause of gastroenteritis in children
worldwide. It is transmitted primarily via the fecal-oral route.
However, the virus exhibits marked stability in the en viron-
ment and may be contracted by ingestion of contaminated
food or water. Infection results in a nonbloody diarrhea after a
2-day incubation period. The virus replicates in the mucosa of
the small intestine, impairing transport mechanisms. The ill-
ness is of concern only in young children who are susceptible
to dehydration and electrolyte imbalances. Adults experience
mild disease likely secondary to partial immunity. 

Norwalk virus is named for an outbreak of gastroenteritis at
a school in Norwalk, Ohio, in 1968. The virus is highly conta-
gious, with as few as 10 viral particles suf ficient to cause dis-
ease (37). Additionally, it is resistant to environmental factors.
The primary mode of infection is through the fecal-oral route,
but fomites and w aterborne carriage are also implicated in
transmission. Incubation period is typically 1 to 2 days and an
acute, self-limited illness lasting 1 to 3 days follows. 

Food- and waterborne illnesses have been previously iden-
tified and emplo yed as biological agents. Japan utilized
Shigella species, Vibrio cholerae, and Salmonella species
(among others) in bio warfare experimentation on prisoners
and in attacks on Chinese cities during the years 1932 to 1945
(4). More recently, intentional contamination of food supplies
with Salmonella species and Shigella dysenteriae led to out-
breaks involving 751 and 45 cases of gastroenteritis, respec-
tively (38,39). The utility of these agents is aided by their sta-
bility and relative ease of dissemination via contamination of
the food and water supply. They are fortunately limited in their
efficacy as biological agents due to the relati ve low morbidity
and mortality associated with the resultant illnesses.

SIGNS AND SYMPTOMS

Clinical presentation of the illnesses discussed is often that of
an acute gastroenteritis that follo ws a benign, self-limited
course. Patients may report abrupt onset of crampy abdominal
pain or discomfort. A historical factor of diagnostic v alue is
the character of the stools produced during the illness. Cholera

is associated with “rice-water” stools of large volumes and in a
minority of cases may be associated with o verwhelming fluid
loss. Shigella infections may begin with watery diarrhea, but
classic findings of dysentery follo w, with bloody-mucoid
stools. The nontyphoidal Salmonella infections are varied and
may or may not be associated with bloody diarrhea. Enterohe-
morrhagic E. coli strains cause bloody diarrhea without mu-
cosal invasion. Microscopic examination of stool samples is
negative for neutrophils, unlike other or ganisms causing
bloody diarrhea. Rotavirus and Norwalk virus infections are
both characterized by nausea, vomiting, and watery, non-
bloody diarrhea. Signs and symptoms of dehydration should
be identified during history and physical examination.

MEDICAL MANAGEMENT

Clinical diagnosis may be suggested by historical and epi-
demiological factors. Methylene blue staining of stool speci-
mens distinguishes invasive from noninvasive forms of infec-
tious diarrhea. Stool cultures allo w diagnosis of bacterial
agents responsible for such illnesses. In patients at risk for de-
hydration and electrolyte abnormalities, a basic chemistry
panel should be obtained.

Physicians should be alerted to the possibility of an out-
break of a food- or waterborne illness based on the volume of
similar complaints and an y potential common e xposures.
Treatment must first address any hemodynamic instability or
electrolyte abnormalities associated with volume loss. Antimi-
crobial therapy guided by in vitro susceptibility is indicated in
severe cholera, nontyphoid salmonella infections requiring
hospitalization, Shigella infections, and in immunocompro-
mised patients, limiting duration of symptoms and time of ex-
cretion of organisms. Treatment should also occur in the im-
munocompromised. Antibiotics are not indicated in mild
disease or in cases of E. coli O157:H7. Increased toxin release
from the enterohemorrhagic E. coli may heighten the risk of
developing hemolytic-uremic syndrome (40).

TRIAGE CONSIDERATIONS

Triage of patients presenting with symptoms suspicious for
the illnesses just mentioned should proceed as per usual emer-
gency department practices. P atients at risk for se vere mani-
festations (infants, elderly, or immunocompromised) and
those with signs or symptoms of profound dehydration should
be managed appropriately. Isolation procedures are not neces-
sary in this setting.

PERSONAL PROTECTION

Standard precautions should be utilized when caring for pa-
tients with presumed food- or w aterborne illnesses. Conta-
minated surfaces should be treated with an EP A-registered
hospital detergent-disinfectant. The vaccines in e xistence
for typhoid fever have demonstrated poor ef ficacy and are
no longer recommended by the CDC. Vaccines for cholera
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are not currently available in the United States but are in use
in other countries. A live-virus vaccine developed for ro-
tavirus is no longer recommended because of concerns over
a potential relationship with intussusception in inf ants re-
ceiving the vaccine (41). 

VIRAL ENCEPHALITIDES

Several viral agents with primary central nerv ous system
(CNS) effects have the potential for use as bioweapons. This
group of agents includes the alphaviruses, Venezuelan, east-
ern, and western equine encephalitides (VEE, EEE, and
WEE, respectively), and West Nile virus, a flavivirus. The
alphaviruses are enveloped RNA viruses. They were origi-
nally discovered as a v eterinary illness from horses in the
1930s. EEE is the most common naturally encountered al-
phavirus causing CNS infection in the United States. Be-
tween 1983 and 2000, 182 cases were reported to the Cen-
ters for Disease Control. A majority of cases are found in
Florida, Georgia, Massachusetts, and New Jersey, predomi-
nantly in coastal and sw ampy areas. Between 0 and 200
cases of WEE occur each year in the United States, gener-
ally in the western and Great Plain states. VEE occurs pre-
dominantly in Central and South America; however, cases
have occurred in the Gulf states and southwestern United
States. West Nile virus was first reported in Uganda in 1937.
Since 1999, the number of West Nile cases in the United
States has increased dramatically (42). In 2002, there were
over 4,000 reported cases (43).

THEORETICAL AND SCIENTIFIC
BACKGROUND

Natural transmission of these viruses to humans occurs
via a bite by an infected mosquito v ector. Human-to-
human spread is not believed to occur. Seasonal variations
in the incidence of viral encephalitis result from changes in
the natural mosquito population. Peak incidence occurs
in the summer months, corresponding to both an increase in
the number of mosquitoes and more frequent outdoor activi-
ties by humans. After a bite from an infected mosquito, viral
particles from the gut of the insect are inoculated into the
skin and enter the lymphatic system. Initially , the virus
replicates in lymphoid tissue. After replication, viral parti-
cles are released into the circulation, resulting in high levels
of viremia and ultimately entry into the CNS (44). 

EEE, WEE, and VEE are classif ied as cate gory B
agents by the Centers for Disease Control. These agents
represent potential bio weapons because the y are highly
infectious when aerosolized (19). The first documented
human cases of VEE occurred in laboratory workers in the
1940s (44). Additionally, these agents can be produced in
large amounts and stored with relati ve ease. Morbidity
and mortality rates v ary. EEE carries a mortality rate of
30% to 75%, with children and the elderly being the most
susceptible (19,45,46). EEE is also highly morbid, with
permanent neurological sequelae occurring in 30% to

70% of cases. F atality rates for WEE are approximately
10% (45). Although rarely f atal, VEE is a potential
bioweapon because nearly all human cases become symp-
tomatic (19,47). The case-fatality rate for West Nile virus
ranges from 4% to 18% (48).

SIGNS AND SYMPTOMS

Incubation periods for the viral encephalitides range from
3 to 14 days. Most often a systemic febrile illness occurs
with fever, chills, headache, myalgias, nausea, and vomit-
ing. Upper respiratory symptoms including sore throat,
cough, and pleuritic chest pain occur with WEE infec-
tions. Patients are often leuk openic during this phase of
the illness. Ele vated aspartate transaminase and lactate
dehydrogenase levels are occasionally found with VEE
infections. Progression of disease to CNS involvement re-
sults in altered le vels of consciousness, nuchal rigidity,
ataxia, focal motor and cranial nerv e deficits, seizures,
and frank coma (19,44,45). Cerebrospinal fluid (CSF)
analysis typically re veals lymphocytic pleocytosis with
elevated protein levels. Hyponatremia is sometimes noted
in patients with neurological symptoms. P atients with
VEE infections rarely de velop neurological signs and
symptoms, whereas EEE infections result in the most se-
vere neurological abnormalities. 

Most patients infected with West Nile virus are asympto-
matic. Generally, a mild febrile illness occurs and resolv es
within 7 days. In addition to constitutional symptoms, lym-
phadenopathy and erythematous morbilliform rash may
occur. Progression to se vere neurological signs and symp-
toms occurs in less than 1% of infected patients (48).

MEDICAL MANAGEMENT

In the setting of a possible bioterrorist attack, the diagnosis
of viral encephalitis should be considered when a lar ge
number of patients present over a relatively short period of
time with febrile illnesses that progress to in volve the
CNS. Physicians should consider the local pre valence of
the various viral encephalitides as well as seasonal and cli-
mactic variations in the mosquito population. Serum elec-
trolytes and complete blood count should be obtained. Any
patients with both fever and neurological signs and symp-
toms should under go both a CNS imaging and lumbar
puncture with CSF analysis for cell count, glucose, and
protein levels. Both computer tomography (CT) and mag-
netic resonance imaging (MRI) have been used to demon-
strate that a large number of neurologically impaired EEE
patients have focal lesions in the basal ganglia, thalamus,
and brain stem, with MRI considered the superior test
(46). Serological assays or viral isolation are required to
make a specific diagnosis. Both VEE and EEE can be iso-
lated from serum during the early febrile phase of the ill-
ness; however, complement-fixing serological assays to
detect IgM antibodies may be required during the en-
cephalopathic phase due to lo w viremic loads (19,44).
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Serological testing can also be performed on CSF samples.
West Nile virus can also be diagnosed with serological as-
says for IgM in serum and CSF (48).

Treatment of viral encephalitis is generally supporti ve.
Systemically ill patients may require antip yretics and intra-
venous hydration. Actively seizing patients should recei ve
benzodiazepines and monitored care. Mechanical v entila-
tion may be required for acutely encephalopathic patients.
Ribavirin may have in vitro acti vity against these viruses;
however, they are generally not used clinically (44,49).

TRIAGE CONSIDERATIONS

No specific isolation is required for viral encephalitis be-
cause no human-to human spread occurs. However, patients
presenting febrile with neurological def icits may require
negative-pressure isolation for the possibility of bacterial
meningitis. Patients should be triaged according to the acu-
ity of their systemic and neurological symptomatology.

PERSONAL PROTECTION

Mosquito control in endemic areas remains the most use-
ful means of preventing zoonotic viral encephalitis. Practi-
tioners caring for patients with viral encephalitis should
maintain universal precautions. Laboratory workers should
use negative-pressure cabinets and wear high-ef ficiency
particle respirators (19). A live attenuated vaccine is avail-
able for VEE, used primarily for at-risk laboratory person-
nel. Inactivated vaccines are available in limited settings
for EEE and WEE.

SUMMARY

� Viral encephalitides are potential bio weapons
by means of inhalation of aerosolized particles. 

� Viral encephalitides present initially as non-spe-
cific febrile illnesses that may progress to pro-
found CNS signs and symptoms.

� No specific, effective treatment for zoonotic
viral encephalitis exists.

SEVERE ACUTE RESPIRATORY
SYNDROME (SARS)

The severe acute respiratory syndrome (SARS) is an acute,
infectious, respiratory illness f irst reported in No vember
2002 in southern China. Subsequently , a novel coronavirus
(SARS-CoV) responsible for this clinical syndrome w as
identified and further characterized in early 2003 (50–53).

THEORETICAL AND SCIENTIFIC
BACKGROUND

In the Guangdong Pro vince of China in late 2002, out-
breaks of an atypical pneumonia were reported. The illness
frequently progressed to respiratory f ailure and af fected
both casual contacts and e xposed health care practitioners.
An infected physician then tra veled to Hong K ong where
he resided in a hotel with international guests prior to his
hospitalization. By March 2003 outbreaks of the illness
termed SARS by the CDC had de veloped in Hong K ong,
Singapore, Vietnam, and Toronto, each of which could be
linked epidemiologically to this index case (54). These fur-
ther outbreaks were described in the literature (55–58) and
marked the beginning of a worldwide epidemic. As of Sep-
tember 2003, the World Health Organization (WHO) had
identified 8,098 probable cases with a f atality rate of 9.6%
and 29 reported probable cases in the United States (59).

By April 2003 several groups had identif ied the no vel
coronavirus, SARS-CoV, as the etiologic agent (50–53).
The coronaviruses are a group of RN A viruses previously
known to cause mild forms of respiratory and enteric dis-
eases. The extent of the natural reserv oir for this ne wly
identified virus remains to be elucidated. Ho wever, similar
strains have been identif ied in several animal species, in-
cluding the masked palm civet, raccoon dog, and Chinese
ferret badger, sold at markets in Guangdong (54).

The virus is transmitted primarily via respiratory
droplets, although evidence indicates the virus may be shed
in feces and urine as well (50). The observed incubation pe-
riod ranges from 2 to 16 days, during which time the pa-
tient is not acti vely contagious. The stability of the virus
outside the body has been preliminarily determined by the
WHO to be 2 to 4 days in urine and feces. A majority of pa-
tients may continue to shed the virus up to 3 weeks after
onset of symptoms (60).

Known development of SARS-CoV as a biological
agent for w arfare or bioterrorism has not been reported.
The highly contagious nature of the virus, with significant
person-to-person transmission, and the potential for mass
morbidity and mortality are concerning features that lend to
its use as a biological weapon. The stability of SARS-CoV
in the environment is unclear and may limit its utility in
such applications.

SIGNS AND SYMPTOMS

The initial manifestations of SARS are fe ver, myalgias, dry
cough, headache, and dizziness. Less frequent symptoms
may include coryza, sore throat, nausea, vomiting, and diar-
rhea. Common f indings on physical e xamination include
fever >38°C, hypoxia, inspiratory crackles, and dullness to
percussion. For an unknown percentage of those infected,
the clinical course may be asymptomatic or limited to a
mild respiratory illness. Ho wever, within a week of symp-
tom onset man y patients will de velop increasing dyspnea
and clinical signs of a w orsening pneumonia, with 25% of
adult patients requiring intensive care.
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MEDICAL MANAGEMENT

The clinical presentation of SARS often resembles that of
an atypical pneumonia. Chest radiographs may re veal non-
specific abnormalities including focal or patchy air space
consolidations. CT of the chest demonstrates peripheral,
subpleural, ground-glass opacities with air bronchograms.
Initial laboratory evaluation may reveal leukopenia (34%),
lymphopenia (70%), thrombocytopenia (45%), prolonged
activated partial thromboplastin time (42%), elevated D-
dimers (45%), and elevated lactate dehydrogenase (71%)
(56). Early diagnostic evaluations required acute and conva-
lescent sera for ELISA detection of antibody to SARS-CoV.
The development of reverse transcription polymerase chain
reaction testing has allo wed for detection of viral RN A in
clinical samples (61). These laboratory tests are a vailable
through the CDC Laboratory Response Netw ork. A sus-
pected or probable case may be identif ied in the setting of
moderate to severe respiratory illness in the absence of an
identifiable cause when combined with supporting epidemi-
ological factors. These include contact with kno wn or sus-
pected SARS patients within 10 days or tra vel to re gions
listed under CDC travel alerts or advisories.

Several factors may alert the physician to the possibility of
a SARS epidemic. A pattern of atypical pneumonia in lar ge
numbers of otherwise healthy indi viduals may be present.
Given the highly infectious nature of SARS-CoV , afflicted
health care practitioners and other clear epidemiological links
may be identified.

The treatment of SARS is lar gely limited to supporti ve
care. However, during the epidemic in Hong K ong, a combi-
nation of ribavirin and corticosteroids was used with reported
favorable outcomes (58,62). This regimen has yet to be evalu-
ated in controlled studies. In vitro studies ha ve demonstrated
the potential utility of human interferons in the treatment of in-
fections with SARS-CoV (63). 

TRIAGE CONSIDERATIONS

In the emergency department, suspected or probable cases of
SARS should be placed in ne gative-pressure isolation. The
disease is reportable to local and state health departments,
which may assist in the identification of an outbreak and the
quarantine of those e xposed to suspected cases. Further
triage of such patients should progress in concert with stan-
dard emergency medicine practices, providing supplemental
oxygen and respiratory support as clinically indicated.

PERSONAL PROTECTION

The use of respiratory droplet and contact precautions is
recommended for the pre vention of nosocomial transmis-
sion of SARS (63,64). The CDC recommends the use of
EPA-registered hospital detergent-disinfectant for cleaning
potentially contaminated spaces. F or laboratory in vestiga-
tions, BSL-2 or -3 practices are recommended to prevent in-
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fection of personnel. At the time of printing, no postexpo-
sure prophylaxis or vaccine exists. 

QUESTIONS AND ANSWERS

1. Tularemia is a potent bioweapon due to all of the 
following factors EXCEPT:

A. Untreated cases carry a relatively high mortality rate
B. Death in untreated cases can occur over a matter of

hours after exposure
C. Tularemia can be effectively spread via aerosolized

particles
D. A minimal number of infectious particles are re-

quired to cause disease
E. Tularemia is a hardy bacterium that can survive for

prolonged periods of time in hostile environments

2. In patients presenting with acute febrile illnesses and
focal neurological symptoms, the following diagnoses
should be highly considered:

A. Eastern equine encephalitis
B. Severe acute respiratory syndrome
C. Q fever
D. Brucellosis
E. Venezuelan equine encephalitis

3. Signs and symptoms of Q fever include all of the 
following EXCEPT:

A. Fever
B. Pneumonia
C. Diarrhea
D. Hepatitis
E. Rash

4. Optimal treatment for brucellosis consists of:
A. Rifampin and ciprofloxacin
B. Doxycycline and rifampin
C. Ciprofloxacin
D. Ampicillin
E. Chloramphenicol

ANSWERS

1: B. Death in untreated cases can occur over a matter of hours
after exposure

2: A. Eastern equine encephalitis
3: C. Diarrhea
4: D. Ampicillin

SUMMARY

� The severe acute respiratory syndrome (SARS)
is a febrile respiratory illness that may progress
to acute respiratory f ailure in up to a fourth of
those infected.

� The novel coronavirus that causes SARS is
highly infective via respiratory droplets and has
an incubation period of 2 to 16 days.
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11
Botulinum: The Most Toxic
Substance Known
Robert Abar Timmons and Anthony Carbone

NAME AND DESCRIPTION OF AGENTS

Botulinum toxin is a potent protein neurotoxin that causes
the paralytic condition kno wn as botulism. This toxin has
the distinction of being the most potent substance by weight
known to science (1,2), requiring only 0.001 µg/kg body
weight to kill 50% of animals in laboratory studies (3). Bot-
ulinum toxin type A is 15,000 and 100,000 times more toxic
by weight than VX and sarin nerv e gases, two of the well-
known organophosphate nerve agents, respectively (3). It
further has the singular distinction of being both a substance
approved for medical treatment and a feared agent of bio-
logical terrorism. Currently, botulinum toxin is approved by
the U.S. F ood and Drug Administration (FDA) for use in
treating neuromuscular disorders such as blepharospasm,
strabismus, and torticollis. It also has several off-label uses,
such as treatment of wrinkles, migraine headaches, chronic
low back pain, stroke, traumatic brain injury, achalasia, and
various dystonias (4). It should be noted that the licensed
preparation is suf ficiently dilute, containing only about
0.3% and 0.005% of the estimated human lethal inhalational
and oral doses, respectively, that it is impractical for use as a
bioterror weapon (4).

Botulinum toxin is elaborated by Clostridium botulinum,
a spore-forming, gram-positive, anaerobic bacterium that is
found throughout the world in soil and marine environments
(5). Botulism is a neuroparalytic illness that results from the
action of botulinum toxin. It typically be gins with cranial
nerve involvement and progresses caudally to in volve the
extremities (5). Because of botulinum toxin’ s extreme po-
tency and lethality , ease of production and transport, and
need for prolonged resource-intensive care of victims, it was
one of the f irst agents to be considered for use in modern
times as a biological weapon in w arfare (6). Though the
United States has renounced an y further research in de vel-
oping botulinum toxin as a biological weapon, concern re-
mains that other countries or terrorist groups may still at-
tempt to employ it (6). Currently it is one of six potential
biological warfare agents listed by the Centers for Disease
Control and Prevention (CDC) as a Category A agent, desig-
nating it as a high-priority biological agent of concern (7). 

A German scientist, Justinius Kerner, first discovered
botulism in 1793. K erner traced the disease to spoiled
sausage, a result of the crude means of sausage preservation
at the time, and he named the substance “wurstgift” or
sausage poison. This led to the origin of the term “botu-
lism,” as the Latin root word for sausage is botulus. C. botu-
linum was first described by Emile v an Ermengem in 1897



after isolating the microbe while in vestigating a foodborne
outbreak in Ellezelles, Belgium (8,9). Foodborne botulism
remains the most common form of disease in adults. Ho w-
ever, plant rather than animal products are the more com-
mon vehicles for poisoning, typically as a result of unre gu-
lated “home canning” or other improper food handling (8). 

In humans, botulinum toxin inhibits the release of acetyl-
choline, leading to a characteristic flaccid paralysis (10).
Four distinct forms of botulism can occur, depending on the
mode of acquisition of the toxin. Cases may be classified as
(a) foodborne botulism, resulting from ingestion of food
contaminated with C. botulinum and containing preformed
toxin (10); (b) wound botulism, caused by toxin produced in
a wound contaminated by C. botulinum (10); (c) infant bot-
ulism, which is due to the endogenous production of toxin
in the intestine of infants following ingestion of germinating
spores of C. botulinum (10); or (d) inhalational botulism, a
man-made form that results from inhaling aerosolized botu-
linum toxin (4). Intestinal botulism, a variation of inf ant
botulism, can also occur in children or adults and is repre-
sented by those cases in which no food vehicle can be iden-
tified, there is no evidence of wound botulism, and there ex-
ists the possibility of intestinal colonization in a person
older than 1 year of age (10).

Inhalational botulism has been demonstrated experimen-
tally in primates (11), has been attempted by bioterrorists in
recent times (12,13), and has been the intended outcome of
at least one country’ s specially designed missiles and ar-
tillery shells (4,14,15). However, there has only been one re-
port of three indi viduals suffering from accidental inhala-
tional botulism, having occurred in three v eterinary
personnel in West Germany in 1962. All three individuals
had detectable Type A botulinum toxin in their serum fol-
lowing exposure to reaerosolized botulinum toxin while
disposing of lab animals whose fur w as coated with aero-
solized type A botulinum toxin (16). 

THEORETICAL AND SCIENTIFIC
BACKGROUND

C. botulinum is a species of four genetically distinct groups
that have in common the production of antigenically distinct
neurotoxin with a similar pharmacologic action but that other-
wise would not be designated as a single species (4,17,18). C.
botulinum organisms are straight to slightly curved, gram-pos-
itive (in young cultures), motile, anaerobic rods, 0.5 to 2.0 µm
in width, and 1.6 to 22.0 µm in length, with oval, subterminal
spores (8,19). There are seven distinct toxin types of C. botu-
linum described (A, B, C1, D, E, F, and G), distinguished by
the antigenic characteristics of the neurotoxins the y produce
(10). An eighth toxin type, C2, is not a neurotoxin but actually
a cytotoxin of unknown clinical significance (5). Toxin types
A, B, E, and in rare cases F cause human botulism (8). Types
C1 and D cause disease in mammals and birds (5,10). Type G,
now called C. argentinense, has been associated with sudden
death, but not with neuroparalytic illness, in a few patients in
Switzerland (5). Additionally, the rare clostridial strains of C.
baratii and C. butyricum also have the capacity to elaborate
botulinum toxin (4,5,20–22) (Figs. 11-1 and 11-2).

Each of the se ven active neurotoxins has similarity in
structure and mechanism of action, producing a polypeptide
of 150 kDa, which is activated by proteases subsequent to
bacterial lysis (8). Active botulinum neurotoxin is a simple
dichain polypeptide consisting of a 100 kDa hea vy chain
(H), which is the fragment in volved in neurospecific bind-
ing and translocation into the nerve cell, and a 50 kDa light
chain (L), responsible for intracellular catalytic acti vity
(5,8). The heavy and light chains are joined by a single
disulfide bond (4,23). The heavy chain is composed of an
amino-terminal 50 kDa domain (H N) and a carboxy-termi-
nal 50 kDa domain (H C) (8). The light chain is a zinc-
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Figure 11–1. A photomicrograph of Clostridium botulinum type
A viewed using a Gram stain technique. CDC/Dr. George Lom-
bard (1978). The bacterium C. botulinum produces a nerve toxin,
which causes the rare, but serious paralytic illness botulism.
There are seven types of botulism toxin designated by the letters
A through G; only types A, B, E, and F cause illness in humans.
[Photomicrograph: Courtesy of Dr. George Lombard, Centers for
Disease Control and Prevention– Public Health Image Library
1978 (PHIL ID#2131).]

Figure 11–2. Clostridium botulinum spores stained with Mala-
chite Green Stain. CDC/Courtesy of Larry Stauffer, Oregon State
Public Health Laboratory (2002). The endospores of C. botu-
linum when stained using the Malachite Green staining method
will appear as green spheres, while the bacilli themselves will
turn purple in color. [Photomicrograph: Courtesy of Larry Stauf-
fer, Oregon State Public Health Laboratory (2002). Centers for
Disease Control and Prevention—Public Health Image Library
1978 (PHIL ID#1932).]



containing endopeptidase that blocks acetylcholine-contain-
ing vesicles from fusing with the terminal membrane of the
motor neuron (4,24).

Neuronal cell intoxication involves four steps: (a) bind-
ing of the carboxy-terminal end of the hea vy chain (HC) to
polysialoganglioside receptors on the neuronal membrane,
(b) endocytotic internalization of acti ve toxin into endo-
some-like compartments, (c) membrane translocation facil-
itated by the amino-terminal half of the hea vy chain (HN),
and (d) enzymatic cleavage of SNARE proteins by the light
chain (L), which prevents complete assembly of the synap-
tic fusion comple x and thus blocks release of the neuro-
transmitter acetylcholine from synaptic terminals of the
motor neurons in muscle (5,8). The muscle is unable to
contract in the absence of acetylcholine release (8,25).

The light chain (L) of each neurotoxin type is a zinc-
containing endopeptidase that is capable of clea ving a
toxin-specific location of at least one of three proteins
(4,8). Botulinum toxin types A, C, and E cleave the protein
SNAP-25 (= synaptosomal-associated protein of 25 kd);
types B, D, F and G cleave the protein synaptobrevin; and
type C clea ves the protein syntaxin (4). These three pro-
teins are members of a group of proteins known as SNARE
proteins, or soluble NSF-attachment protein receptor (4,8).
SNARE proteins are essential to the docking and fusion of
synaptic vesicles with the presynaptic membrane (25).

As mentioned pre viously, botulinum toxins are the
most toxic substances by weight kno wn to science. The
precise human lethal dose of botulinum toxin is not
known but can be estimated from primate studies. The
LD50

H, or lethal dose to 50% of the human population ex-
posed, for botulinum toxin has been estimated to be about
1 ng/kg (1,6). By e xtrapolation, the lethal amounts of crys-
talline type A toxin for a 70-kg human w ould be approxi-
mately 0.09 to 0.15 µ g intravenously or intramuscularly,
0.70 to 0.90 µ g inhalationally, and 70 µ g orally (4,11,
26–28). All of the botulinum toxins are slightly less toxic
by experimental models when e xposure is by the pul-
monary route, as estimates for the LD 50 via inhalation is
approximately 3 ng/kg based on e xperimental models
(6,29). The oral route of e xposure to botulinum toxin ap-
pears to be 2 degrees of magnitude less toxic than the in-
travenous or intramuscular routes.

The most likely scenario for terrorist or biological w ar-
fare use of botulinum toxin is an intentional aerosol re-
lease, or possibly an attempt to contaminate a food or water
source (3). There has never been a reported case of w ater-
borne botulism (4,8,30,31). Speculation has arisen that bot-
ulinum toxin may be used to contaminate a municipal water
supply, but this scenario is not lik ely (4,32). One reason is
that botulinum toxin is rapidly inacti vated by standard
potable water treatments such as chlorination and aeration
(4,33). A second reason is that because of the slow turnover
time of large capacity reservoirs, a comparable large inocu-
lum of botulinum toxin w ould be required, and this would
be technically infeasible to produce and deli ver (4,34).
However, botulinum toxin may remain viable in untreated
water or beverages for several days; therefore, these items
should be investigated in the absence of other identif iable
sources of a botulinum index case or outbreak (4,33,35).

The three primary forms of naturally occurring botulism
are foodborne, wound infection, and infant or adult intes-

tinal botulism. The U.S. incidence of botulism is typically
fewer than 200 cases of all forms annually (8). F oodborne
botulism is a rare entity , as there are on a verage approxi-
mately 9 to 10 outbreaks and a median of 24 total cases of
this disease per year in the United States (8). From 1950
through 1996, there were 444 outbreaks and 1,087 cases of
foodborne botulism recorded in the United States (8). Both
the average number of outbreaks per year and the a verage
number of cases per outbreak has remained stable through-
out the last century (8). The single largest outbreak of food-
borne botulism in the United States in the last century oc-
curred in Michigan in 1977, in which there were 59 cases
as a result of eating home-preserv ed jalapeño peppers at a
restaurant (4,36) (Figs. 11-3 and 11-4).
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Figure 11–3. The jars of contaminated jalapeño peppers in-
volved in an outbreak of botulism in Pontiac, Michigan, April
1977. CDC/Dr. Chas. Hatheway. The bacterium C. botulinum pro-
duces a nerve toxin, which causes the rare, but serious paralytic
illness botulism. [Photograph: Courtesy of Dr. Chas. Hatheway,
Centers for Disease Control and Prevention—Public Health
Image Library, April, 1977 (PHIL ID#3355).]

Figure 11–4. This is a close-up of contaminated jalapeño peppers
involved in an outbreak of botulism in Pontiac, Michigan, April
1977. CDC/Dr. Chas. Hatheway. [Photograph: Courtesy of Dr.
Chas. Hatheway, Centers for Disease Control and Prevention—
Public Health Image Library (PHIL ID#3884).]



Of the 135 foodborne outbreaks in the United States from
1980 to 1996, toxin type A accounted for 54.1%, toxin type B
for 14.8%, toxin type E for 26.7%, and toxin type F for 1.5%
of these outbreaks, with 3.0% of the outbreak causes undeter-
mined (4,8). Toxin types C and D cause botulism in wildlife
and domestic animals, though it is thought that humans are
susceptible based on primate studies (4,37–39). Toxin type G
is produced by a bacterial species in South American soil and
has never caused recognizable foodborne botulism (4,40). 

Nearly all states ha ve reported at least one outbreak of
foodborne botulism since 1950; however, over half (53.8%)
of all outbreaks reported ha ve occurred in just f ive western
states (California, Alaska, Washington, Colorado, and Ore-
gon) (8). The geographic distribution of foodborne botulism
cases by toxin type is closely correlated with the distribution
of organism types found in the environment. Type A toxin is
predominant west of the Mississippi Ri ver, and has ac-
counted for 85% of foodborne outbreaks in this area (4,8).
Type B toxin is distrib uted generally but more common in
the eastern United States, where it has accounted for 60% of
foodborne outbreaks east of the Mississippi Ri ver (4,8).
Toxin type E predominates in the Pacific Northwest, Alaska,
and the Great Lakes area, and foodborne outbreaks of type
E toxin are commonly associated with f ish products, espe-
cially native Inuit and Eskimo foods (4,5,8). 

Any outbreak of botulism is a public health emer gency
and should include the possibility of bioterrorism (3,8,10).
Certain features would be suggestive of a bioterrorist act or
intentional release of botulinum toxin, such as a large num-
ber of patients presenting with acute flaccid paralysis and
bulbar palsies, or patients presenting with an unusual toxin
type not commonly associated with human botulism (4). Pa-
tients should be asked whether they know of any other per-
sons with similar symptoms. A careful travel history is vital
in this age of rapid and easily accessible airline travel. A di-
etary history is also valuable. Absence of a common dietary
exposure among temporally clustered victims of botulism
would suggest the possibility of inhalational botulism (4).

SIGNS AND SYMPTOMS

The onset of botulism can be quite striking, and very frighten-
ing to victims of poisoning. Whether botulinum toxin is in-
gested, produced in the intestine or an infected wound, or pos-
sibly inhaled, it enters the vascular system and is transported
to peripheral cholinergic nerve terminals, including neuromus-
cular junctions, postganglionic parasympathetic nerv e end-
ings, and peripheral ganglia (5). Here it binds irre versibly to
the nerve terminal. After binding, the toxin is internalized and
enzymatically blocks acetylcholine release. Though all forms
of botulism exhibit nearly identical signs and symptoms, food-
borne botulism’s neurologic signs may be preceded by ab-
dominal cramps, nausea, vomiting, or diarrhea (4,41). Ho w-
ever, these gastrointestinal symptoms are belie ved to be
caused by other bacterial metabolites present in the food
(4,17). Thus they may not occur if purified botulinum toxin is
intentionally created and disseminated in food or aerosols (4). 

The classic presentation or triad of botulism is that of a
patient who is afebrile, develops a symmetric, descending
flaccid paralysis that begins in the bulbar musculature, and

with a clear sensorium (4). Cranial nerve palsies almost al-
ways mark the onset of symptoms and are a k ey factor in
distinguishing someone with symptomatic botulism (5).
The central nervous system is not in volved. While the ex-
tent or rate of onset of paralysis may v ary among individ-
ual patients, the disease manifestations are similar re gard-
less of toxin type (4,8,41–44). Se verity of symptoms may
range from mild symptoms that are barely noticeable on
examination to paralysis so se vere that patients appear
comatose and require months of mechanical v entilatory
support (4). Reco very ensues only after re generation of
motor axon twigs that reenerv ate paralyzed muscle fibers,
a process that takes weeks to months in adults (4,45,46).

Frequently patients with botulism will present with vision
problems, especially double or blurry vision, as well as dif fi-
culty speaking or sw allowing (4). The prominent neurologic
findings in all forms of botulism include diplopia, ptosis,
blurred vision, dilated or poorly reacti ve pupils, dysarthria,
dysphonia, and dysphagia (4,6,9,41,47). The oropharynx may
appear dry and injected due to peripheral parasympathetic
cholinergic blockade (4). Sensory changes are conspicuously
absent, except for occasional patients with circumoral or pe-
ripheral paresthesias that typically result due to hyperv entila-
tion as a victim becomes distressed by the onset of paralysis
(4). The prominent bulbar palsies are sometimes summarized
as the 4 Ds: diplopia, dysphagia, dysarthria, and dysphonia (4). 

Eventually the paralysis will e xtend beyond bulbar muscu-
lature, and generalized weakness and hypotonia will de velop.
There will be a loss of head control, and dysphagia and loss of
a protective gag reflex may require intubation and mechanical
ventilation. Untreated patients will suf fer death from airw ay
obstruction due to paralysis of pharyngeal and upper airw ay
muscles and inadequate tidal volume due to diaphragmatic and
accessory muscle paralysis (4). 

Though botulism does not cause fe ver, secondary infec-
tions, such as aspiration pneumonia or genetically engineered
strains of biological weapons that also contain botulinum toxin,
may be present to cloud the diagnostic picture. The toxin does
not penetrate brain parenchyma, so patients are not confused or
obtunded, unless there is a secondary process interfering. How-
ever, patients may appear lethar gic and have communication
problems that can be mistaken for confusion or mental difficul-
ties (4) (Figs. 11-5 and 11-6).
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Figure 11–5. A 14-year-old-boy fractured his right ulna and radius and
subsequently developed wound botulism. CDC PHIL, date unknown.
[Photograph: Courtesy of Centers for Disease Control and Preven-
tion—Public Health Image Library, date unknown. (PHIL ID#1936).]



MEDICAL MANAGEMENT

Any case of suspected botulism should be considered a po-
tential public health emer gency due to the possibility that
others are likely to be ill or exposed to toxin from a deliber-
ate release or residual contaminated food (4,8–10). Clini-
cians caring for a patient with suspected botulism should
immediately notify their local public health department and
hospital infection control official to coordinate the shipment
of therapeutic antitoxin, laboratory diagnostic testing, and
epidemiological investigation (4,8). Botulism suspected
solely on clinical grounds is a le gally required reportable
event to public health authorities in most U.S. jurisdictions,
and tenacious execution of this task is essential (4). 

The diagnosis of botulism relies on the astute clinician to
recognize characteristic signs and symptoms of isolated
cases or outbreaks and to suspect the disease in the conte xt
of a reasonable history (consumption of home-canned food
or unreliable food source). F ailure to suspect botulism and
include it in the differential has led to misdiagnosis, includ-
ing an illustrative outbreak in Canada where 28 people over
a 6-week time period became ill before the diagnosis w as
made in a patient (2000 miles from the source!) and the
cases were retroactively traced (4,48). 

Botulism should be suspected in an y adult who is
afebrile, mentally intact, with cranial nerve dysfunction and
symmetric descending flaccid paralysis without sensory
findings, or in an y infant with poor feeding, diminished
sucking and crying ability , neck and peripheral muscle
weakness, and/or ventilatory distress (5,8). Botulism is
often misdiagnosed as Guillain-Barré or Miller -Fisher syn-

drome, myasthenia gravis, or a central nervous system dis-
order (4) (Table 11-1).

Unless there are secondary or underlying conditions,
routine laboratory tests such as serum electrolytes, renal and
liver function, complete blood counts, urinalysis, and elec-
trocardiograms are not helpful in diagnosing botulism, but
they may help differentiate other conditions that may appear
similar (8). A normal cerebrospinal fluid (CSF) analysis
may help distinguish botulism from Guillain-Barré syn-
drome, though the CSF may appear normal early in Guil-
lain-Barré and can sometimes sho w slightly elevated CSF
protein in botulism (8).

Currently only the CDC and approximately 20 state pub-
lic health agencies are capable of performing laboratory di-
agnostic testing for botulism, and they should be consulted
prospectively about specimen collection and processing
(4,8). Samples to be collected include serum, stool, gastric
aspirate, and, if available, vomitus and the suspected food
source (4,8). All samples should be collected prior to giving
antitoxin and then refrigerated (4,8,10). A medication list of
the patient should accompany the samples because medica-
tions that are toxic to mice can be dialyzed from samples
before testing (4).

Demonstration of toxin in serum and other specimens by
mouse bioassay is the standard diagnostic test for botulism
(4,26). The mouse bioassay can detect as little as 0.03 ng of
botulinum toxin and can yield results in as little as 1 to 4
days, whereas culture of fecal and gastric specimens can
take anywhere from 5 to 21 days (4,26). Samples should be
collected as early as possible for tw o reasons. The first is
that the lik elihood of obtaining positi ve test results de-
creases with time (8). The second reason is that treatment
with antitoxin needs to be initiated early in the course of
neurologic dysfunction to be ef fective (8,49), and antitoxin
will nullify the test results of the mouse bioassay . If inhala-
tional botulism is suspected, the most likely means of labo-
ratory diagnosis is through enzyme-link ed immunosorbent
assay (ELISA) identification of botulinum toxin from nasal
mucosa swabs taken within 24 hours of exposure (6).

The mainstays of treatment for botulism are early admin-
istration of equine antitoxin and supporti ve care (8). Timely
administration of passive neutralizing antibody may pre vent
progression of neurologic decline or shorten the duration of
ventilatory failure (4). However it will not re verse existing
paralysis, as it only neutralizes toxin unbound to nerv e end-
ings (4,8,42,49,50). Treatment with antitoxin should not be
delayed for microbiological testing (4). Furthermore, aggres-
sive respiratory monitoring and thorough intensive care must
be maintained throughout any period of paralytic illness (8).

Botulinum antitoxin contains neutralizing antibodies
against the three most common causes of human botulism,
toxin types A, B, and E. This licensed trivalent formulation
is available from the CDC via state and local public health
departments. Currently the dose of licensed antitoxin is one
10-ml vial, diluted 1:10 in 0.9% saline solution, given by
slow intravenous infusion (4,8). This provides serum levels
of type A, B, and E antibodies capable of neutralizing serum
toxin concentrations far in excess of those reported for food-
borne botulism patients, so only one dose is required (4,8).
For patients who may be intentionally e xposed to unnatu-
rally large amounts of botulinum toxin, such as from a bio-
logical weapon, the adequacy of neutralization can be con-
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Figure 11–6. A young child with botulism, which is evident as a
marked loss of muscle tone, especially in the region of the head
and neck. CDC PHIL, date unknown. [Photograph: Courtesy of
Centers for Disease Control and Prevention—Public Health
Image Library, date unknown. (PHIL ID#1935).].



122 Section 3 Biochemical Terrorism

TABLE 11-1  Possible Mistaken Conditions for Botulism and Potential Distinguishing Features

CONDITIONS POTENTIAL DISTINGUISHING FEATURES

Guillain-Barré syndrome* and variants History of antecedent infection; paresthesias; ascending paralysis; early areflexia;
(e.g., Miller-Fisher, which has a CSF protein increase; EMG findings
descending paralysis)

Myasthenia gravis* Recurrent paralysis; EMG findings; sustained response to anticholinesterase therapy

Stroke* Asymmetric paralysis; abnormal CNS image

Other intoxication History of intake or exposure; excessive drug levels in body fluids
(e.g., alcohol, CO, nerve gas,
organophosphates)

Lambert-Eaton syndrome Increased strength with sustained contraction; evidence of lung carcinoma

Tick paralysis Paresthesias; ascending paralysis; attached tick

Poliomyelitis Antecedent febrile illness; asymmetric paralysis; CSF pleocytosis

CNS infections, especially of brainstem Mental status changes; CSF and EEG abnormalities

CNS tumor Paralysis often asymmetric; abnormal CNS image

Streptococcal pharyngitis Absence of bulbar palsies; positive rapid antigen test or throat culture

Psychiatric illness* Normal EMG in conversion paralysis

Viral syndrome* Absence of bulbar palsies and flaccid paralysis

Inflammatory myopathy* Elevated creatinine kinase levels

Diabetic complications* Sensory neuropathy; few cranial nerve palsies

Hyperemesis gravidarum* Absence of bulbar palsies or acute flaccid paralysis

Hypothyroidism* Abnormal thyroid function test results

Laryngeal tumor* Absence of flaccid paralysis; dysphonia without bulbar palsies

Overexertion* Absence of bulbar palsies or acute flaccid paralysis

Adapted from Arnon SS, Schecter R, Inglesby TV, et al. Consensus statement—botulinum toxin as a biological weapon: medical and public health
management. Table 3. JAMA. 2001 Feb 28:285(8);1059-70.

CSF indicates cerebrospinal fluid; EMG, electromyogram; CNS, central nervous system; EEG, electroencephalogram.

*Misdiagnosis made in large outbreak of botulism in Canada (4,48).

firmed by retesting serum for toxin after treatment (4). In the
event that another toxin type w as intentionally disseminated,
the U.S. Army maintains an in vestigational heptavalent
(ABCDEFG) antitoxin, though the time required for toxin typ-
ing prior to administration of this antitoxin decreases its utility
in an outbreak (4,51). 

The safety of botulinum antitoxin is uncertain. Approxi-
mately 9% of patients treated with equine antitoxin have expe-
rienced some sort of hypersensitivity reaction (4,8,52), though
the recommended dose was previously larger than current rec-

ommendations. Skin testing should be performed prior to ad-
ministration of antitoxin. P atients responding to challenge
with a substantial wheal and flare reaction may be desensi-
tized over 3 to 4 hours before additional antitoxin is gi ven
(4,8). Clinicians should review the package insert and instruc-
tions with public health officials prior to using antitoxin. 

Infant botulism requires supportive care, and use of anti-
toxin is of questionable benefit in light of the risk of induc-
ing lifelong hypersensiti vity to equine antigens (8). A
human-derived botulism immune glob ulin is currently



under investigation in California (4,8,42,53,54). As for other
special populations with botulism, based on limited infor-
mation, children, pregnant women, and immunocompro-
mised persons with botulism should be treated by standard
therapy (4). Both children (4,55,56) and pre gnant women
(4,57,58) have received equine antitoxin without apparent
short-term adverse effects, though the risks to fetuses of ex-
posure to equine antitoxin are unknown (4). 

Antibiotics have no known use for treatment of botulism,
but they may be required for treatment of secondary infec-
tions, or treatment of wound botulism based on wound cul-
ture results (4,5,8). Aminoglycoside antibiotics and clin-
damycin are contraindicated because of their ability to
exacerbate neuromuscular blockade (4,59,60). Activated
charcoal may be given for detoxification prior to availability
of antitoxin, but there is no data on its usefulness (4,61).
Emetics and gastric lavage can be used if the time since in-
gestion is brief (5). In the absence of ileus, cathartics and
enemas may also be used to purge the gut of toxin (5). 

A pentavalent (ABCDE) botulinum toxoid v accine has
been in use by the CDC for lab w orkers and by the military
for protection of troops (3,4,62). A recombinant vaccine is
also in development (4,63). The toxoid is not useful for post-
exposure prophylaxis, as it induces immunity o ver several
months (4). Furthermore, mass immunization is not feasible
and possibly undesirable, due to scarcity of the toxoid, rar-
ity of disease, and loss of potential therapeutic benef it of
medicinal botulinum toxin (3,4).

TRIAGE CONSIDERATIONS

In the event of a large-scale exposure to botulinum toxin, one
must consider certain aspects of triage that may need to be
employed. Patients who are victims of botulinum toxin poi-
soning may progress to respiratory f ailure within hours to
days of the first onset of symptoms. These patients would re-
quire ventilatory support. However, neuromuscular recovery
would ensue only after re growth of new axon terminals, a
process that takes 2 to 3 months or longer . Thus any large-
scale exposure of populations to botulinum toxin would eas-
ily overwhelm an institution’s, or even an entire metropolitan
area’s, available mechanical v entilation resources. F or this
reason, supplementary support measures should be coordi-
nated with appropriate agencies, institutions, and neighbor-
ing facilities in advance of such an occurrence (10,47,64). 

PERSONAL PROTECTION

Since botulism is an intoxication rather than an infection, it
is not transmissible from person to person. Also, botulinum
toxin does not penetrate intact skin. Thus medical personnel
caring for patients with suspected botulism should use stan-
dard precautions. Furthermore, patients with suspected bot-
ulinism do not need to be isolated. Ho wever, those with
flaccid paralysis in whom there is a suspicion of meningitis
do require droplet precautions until this is ruled out
(4,9,10,65). 

RESOURCES

In the event of an actual or threatened bioterrorist incident,
immediately contact your state and local public health office
(a list of these can be found at http://www.statepublichealth.
org/index.php and the CDC web sites: www.bt.cdc.gov/
protocols. asp, www.bt.cdc.gov/emcontact/ index.asp).
1. Websites Relevant to Bioterrorism Response and Readi-

ness Pertaining to Botulinum Toxin 
http://www.apic.org

2. CDC Bioterrorism Web Pages
http://www.bt.cdc.gov/
http://www.bt.cdc.gov/agent/botulism/index.asp
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SUMMARY

The seven serotypes of botulinum toxin produced
by Clostridium botulinum are the most toxic
substances known (6). They cause the disease
known as botulism, a rare b ut potentially f atal
illness, usually from the ingestion of preformed
toxin in improperly preserved foods. A single gram
of crystalline toxin could kill more than one million
people, though technical f actors concerning
dissemination would make such a scenario dif ficult
(4). Though botulism is not an infectious disease,
and is not spread person to person, even one
suspected case constitutes a medical and public
health emergency to pro vide necessary treatment
and intervention to prevent additional cases.

Due to their e xtreme potency and lethality, wide
availability, ease of production, and need for
prolonged intensive care among af fected persons,
botulinum toxins ha ve been e valuated by se veral
countries as a potential biological weapon (6).
Terrorists have already attempted use of botulinum
toxin as a bioweapon, when the Aum Shinrikyo cult
in Japan made three attempts at aerosol dispersion
between 1990 and 1995; luckily each one w as
unsuccessful (4,12,13). Ne vertheless, botulinum
toxin remains on the list of Cate gory A agents of
bioterrorism with the CDC (7). 

Botulinum toxin w orks by irre versibly blocking
the action of the neurotransmitter acetylcholine at
the neuromuscular junction, causing a characteristic
flaccid, descending paralysis, along with cranial
nerve palsies. Diagnosis is made clinically , with
treatment required prior to laboratory conf irmation
at a limited number of federal and state laboratories.
Treatment consists of intensi ve supportive care,
including prolonged mechanical ventilation in some
patients, and administration of antitoxin maintained
by the CDC.

http://www.statepublichealth
http://www.bt.cdc.gov/
http://www.bt.cdc.gov/emcontact/
http://www.apic.org
http://www.bt.cdc.gov/
http://www.bt.cdc.gov/agent/botulism/index.asp


3. Agency for Toxic Substances and Disease Registry—
USA, Global Information System 
http://www.atsdr.cdc.gov/gis/conference98/gisindex.html

4. Medical NBC Information Online Server
http://www.nbc-med.org/ie40/Default.html

5. Center for Civilian Biodefense Strategies Johns 
Hopkins University Web Pages
http://www.hopkins-biodefense.org/
http://www.hopkins-biodefense.org/pages/
agents/tocbotox.html

6. Association of Public Health Laboratories
http://www.aphl.org/

7. Association of State & Territorial Health Officials
http://www.astho.org/

8. U.S. Army Medical Research Institute of Infectious 
Diseases (USAMRIID)
http://www.usamriid.army.mil/education/bluebook.html

9. NOVA: PBS series on Bioterrorism
http://www.pbs.org/wgbh/nova/bioterror/

10. National Institute of Allergy and Infectious Diseases
(NIAID): Bioterrorism 
http://www.niaid.nih.gov/publications/bioterrorism.htm

11. Federation of American Scientists: Working Group on
Biologic and Toxin Weapons
http://www.fas.org/bwc/index.html

12. Center for Infectious Disease Research and Policy,
University of Minnesota 
http://www.cidrap.umn.edu/cidrap/

13. Center for Non-proliferation Studies—Monterey 
Institute of International Studies 
http://cns.miis.edu/

14. U.S. Food & Drug Administration 
http://www.fda.gov/oc/opacom/hottopics/
bioterrorism.html

15. Health Agency Locator
http://www.statepublichealth.org/index.php

16. National Association of County & City Health 
Officials (NACCHO). Bioterrorism & 
Emergency Response Program
http://www.naccho.org/project90.cfm

17. National Library of Medicine: Biological Warfare 
http://www.sis.nlm.nih.gov/Tox/biologicalwarfare.htm

18. USAMRIID. Phone: (301) 619-2833. 
Email: USAMRIIDweb@amedd.army.mil

19. CDC: CDC’s 24-hour telephone number for state health
departments to report suspected botulism cases, obtain
clinical consultation on botulism cases, and request 
botulinum antitoxin release has changed. State health
departments should call 770-488-7100. The call will 
be taken by the CDC Emergency Operations Center,
which will page the Foodborne and Diarrheal Diseases
Branch medical officer on call. All other aspects of the
botulism emergency response system will remain un-
changed. Medical care providers who suspect a diagno-
sis of botulism in a patient should immediately call
their state health department’s emergency 24-hour tele-

phone number. The state health department will contact
CDC to arrange for a clinical consultation by telephone
and, if indicated, release of botulinum antitoxin. 

20. U.S. Public Health Service. Phone: 1 (800) 872-6367
21. National Response Center. Phone: 1 (800) 424-8802
22. Domestic Preparedness Information. Phone:

1 (800) 368-6498
23. Arnon SS, Schecter R, Inglesby TV, et al. Consensus

statement—botulinum toxin as a biological weapon:
medical and public health management. JAMA. 2001
Feb 28:285(8);1059-70.

QUESTIONS AND ANSWERS

1. Which of the following statements is/are true regard-
ing the epidemiology of botulism?

A. Foodborne botulism is the most common form of
botulism.

B. The incubation period is dose-dependent and, in a
biological attack, could be less than typically ob-
served in foodborne illness.

C. Inhalational botulism occurs naturally in cannery
employees. 

D. Mortality in treated patients is 30%. 

2. Which of the following is a true statement regarding
the clinical presentation of botulism?

A. Botulism presents as an initial nonspecific febrile 
illness.

B. Paralysis begins in the bulbar musculature.
C. Paresthesias are secondary to sensory nerve damage.
D. Respiratory failure is not likely to occur.

3. Which of the following is a true statement about botu-
linum antitoxin? 

A. It is effective against all seven types of botulism.
B. It reverses paralysis upon administration.
C. It must be obtained from CDC through the local

and/or state health department.
D. It is recommended for prophylaxis of close con-

tacts of cases.
E. All of the above.

4. Which of the following is a true statement about the
diagnosis of botulism?

A. It is confirmed by blood culture.
B. It must be confirmed in a public health laboratory.
C. It is supported by pathognomonic findings on EMG.
D. All of the above. 
E. None of the above.

ANSWERS

1: B. Naturally occurring forms of botulism include infant, wound,
and foodborne botulism. Infant botulism is the most common
form. Inhalational botulism does not occur naturally and would
most likely result secondary to the deliberate release of a botu-
lism aerosol. The incubation period of foodborne botulism is 12
to 72 hours and is dose-dependent. Aerosol exposure is likely to
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result in a shorter incubation period. Death occurs in 60% of
untreated cases, but <5% of treated.

2: B. Botulism patients present with the acute onset of an afebrile,
symmetric descending flaccid paralysis. Paralysis begins in the
bulbar musculature, with cranial palsies. Respiratory failure
can occur in as little as 24 hours. Sensory changes are not pres-
ent, with the exception of paresthesias secondary to anxiety
with subsequent hyperventilation.

3: C. Trivalent botulinum antitoxin is effective against toxin types A,
B, and E and is available from CDC. An investigational hep-
tavalent toxin is held by the U.S. Army, but it is not currently
available for use in the general population. Antitoxin prevents
binding of toxin to the acetylcholine receptor, subsequent to its
administration, but it does not reverse the effects of already-
bound toxin. Botulism is not transmitted from person to person:
therefore, prophylaxis is not necessary for contacts of cases.

4: B. Laboratory confirmation of botulism is by mouse bioassay,
available at CDC and certain public health laboratories. EMG
findings are nonspecific but may be useful in ruling out other
potential causes of paralysis.
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STAPHYLOCOCCAL ENTEROTOXIN B 

Staphylococcal enterotoxin B (SEB) is one of man y entero-
toxins produced by the Staphylococcus organism. Staphylo-
coccus species and other bacterial organisms produce many
enterotoxins that are responsible for a myriad of ef fects in
the animal or human serving as host for the or ganism. Due
to their clinical effects and mode of action, these are some-
times referred to as superantigens or p yrogenic toxins. In
total, seven enterotoxins have been identif ied. The type B
serotype is the agent that has been most e xtensively studied
as a biological weapon. The U.S. military considered SEB
as a weapon in the 1960s (1,2).

THEORETICAL AND SCIENTIFIC
BACKGROUND

SEB is frequently classified as an “incapacitating agent” be-
cause it does not in general produce mortality . Its military
usefulness is based on the belief that this agent would be ef-
fective to halt troop movements; within the civilian popula-
tion, it would produce a large number of ill persons o ver a
short period of time. This wave of patients could overwhelm
the medical care system, and the enterotoxin could also be
mistaken for more lethal biological agents, promoting fear
and terror.

Enterotoxins in general are exotoxin products of bacteria,
that is, secreted toxins. “Entero” means these toxins are pre-
dominantly identified as causing illness to the gastrointesti-
nal system. Some clinicians may not be f amiliar with the
term “SEB”; ho wever, most are well acquainted with the
toxin-caused staphylococcal food poisoning syndrome: ab-
dominal pain, nausea, vomiting, and diarrhea with onset
within a few hours of ingestion of the of fending food prod-
uct. With staphylococcal food poisoning, enterotoxins are

responsible for the clinical syndrome. Naturally occurring
strains of staphylococcus aureus produce enterotoxins when
allowed to grow in milk products, meats, and bakery prod-
ucts. Staphylococcal enterotoxins are protein comple xes,
many with similar amino acid sequences (1). Other entero-
toxins are identified as having distinct protein compositions
from staphylococcus aureus. These are classed as A through
G, but type B can be taken as an example of the entire class. 

Another enterotoxin to produce disease is the toxic shock
syndrome toxin (TSST-1). This toxin shares some structural
relations to SEB as well as other staphylococcal toxins.
Streptococcal species produce several toxins as well. 

The concept of SEB classif ication as incapacitating
agents is reflected in the dif ferences between the ef fective
dose versus the lethal dose of this toxin. Ef fective dose is
also considered the incapacitating dose. This is represented
by the concepts of ef fective/incapacitating dose for 50% of
an exposed population (ED50) and lethal dose for 50% of an
exposed population. The reported incapacitating dose for
50% of a population e xposed to SEB is 0.0004 micro-
grams/kg with inhalation exposure, as compared to the lethal
dose (LD50), which is an e xponentially larger dose of 0.02
micrograms/kg (2). These doses are less than lethal doses for
many chemical exposures.

SEB, like many similar toxins in its f amily, causes its ef-
fects by its tendenc y to acti vate the immune system non-
specifically. The chemical interaction responsible for this
stimulation occurs on multiple le vels; SEB af fects both T-
cell antigen receptors and MHC (major histocompatibility
complex) class II components of the immune system. The
MHC class II molecules are found on the cell surf aces of
what is frequently termed “antigen presenting cell”
macrophages, dendritic cells, and B-cells. The subsequent
stimulation of CD-4 helper T-cells results in the release of
cytokines and further activation of the immune system. Pro-
liferation of these stimulated T-cells is believed to be at the
heart of the effect of SEB (4). The end result of this immune
system activation is release of cytokines. Cytokines released
include interferon gamma, interleukin-6, and tumor necrosis
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factor (3). The effect of this “c ytokine storm” is to produce
the inflammation and hence clinical syndrome of SEB poi-
soning. Gastrointestinal disease from SEB may also result
from the release of other substances such as histamine and
leukotrienes.

In addition to SEB’ s ability to generate release of c y-
tokines and activate an immune system response that results
in a clinical syndrome, it possesses other characteristics that
make it plausible for use as a biological weapon. One of
these characteristics is the toxin’ s stability with respect to
temperature, solubility in w ater, and stability in air . SEB
could be delivered by an aerosol mechanism or solubilized in
water, representing an ingestion hazard from contaminated
foodstuffs or potable w ater. (Note: Chlorination of w ater
should eliminate the toxin.)

In addition to recognition of the clinical signs of SEB e x-
posure, detection of SEB is possible in environmental and bi-
ological samples. Available technologies include ELISA and
TRF (time-resolved fluorometry). Note that other biological
weapons of concern detected by TRF techniques include
Francisella tularensis and Clostridium botulinum toxin A/B
(5). Reverse passive latex agglutination (RPLA) tests can
identify SEB in food. Polymerase chain reactions can be
used to identify the staphylococcal aureus genome. Retro-
spective diagnosis can be attempted with the use of serologi-
cal tests for SEB in victims.

SIGNS AND SYMPTOMS

Signs and symptoms of illness dif fer by the route of e xpo-
sure to this superantigen. Because SEB is one of the fre-
quently suspected etiologies of naturally acquired food-
borne illness, it could be dif ficult to dif ferentiate between
exposure to SEB as acquired from a culinary misadv enture
or illness as the result of an intentional contamination of
food products. One leading point might be the type of food
ingested because naturally occurring staphylococcal entero-
toxin food poisoning typically is seen in dairy products,pas-
try (especially cream-filled pastry), custard, ham, and potato
salad. The clinician should be cognizant of the potential for
victims exposed to inhalational SEB to ha ve combined
symptoms of inhalational exposure and signs and symptoms
of ingestion of SEB, if during the inhalational exposure the
victim swallowed the toxin in addition to inhaling. 

Ingested SEB food-borne illness is typically self-limited.
Incubation period can be as short as 1 hour after ingestion of
the food substance, with a general range of 1 to 6 hours after
exposure for the onset of symptoms. Predominating symp-
toms are nausea and vomiting with abdominal cramping (9).
Fever and diarrhea are not seen in all patients. Man y pa-
tients begin to recover after 24 hours. Other food-borne tox-
ins that present with nausea and v omiting as predominant
symptoms are Bacillus cereus and Norwalk-like virus.
Bacillus cereus is typically associated with starch-rich foods
such as rice and recognized as the etiology of a vomiting ill-
ness associated with fried rice dishes. Norw alk-like virus
(norovirus) is a common source of food-borne illness (10).
Norwalk-like virus can be contracted via food products and
has been associated with shellfish. It can also be contracted
via contact with contaminated surf aces, then through hand-

to-mouth activity that transmits the virus. The presenting
symptoms are similar to SEB ingestion. Norw alk-like virus
(norovirus) has an incubation time of 24 to 48 hours. Vomit-
ing and diarrhea are typically both present. With SEB, diar-
rhea is less prevalent and generally nonbloody. Other symp-
toms found with all of these e xposures may include fe ver,
generalized myalgias, and fatigue (11). Several outbreaks of
norovirus on cruise ships ha ve been documented and may
give a sense of ho w a localized bioterrorism outbreak may
present. In one report, vomiting and diarrhea were present in
the majority of the patients stricken (12). 

Most patients reco ver without signif icant morbidity and
mortality from SEB food-borne illness. The clinician should
consider testing of food product or vomitus for the SEB toxin
to confirm the etiology of the illness. Ingestion e xposures
would not be expected to present the constellation of respira-
tory symptoms described later . However, ingestion of SEB
after inhalation exposure can demonstrate both symptoms of
inhalation exposure and ingestion in the same victim. 

One of the best documentations of e xposure to the in-
halational form of the SEB agent is chronicled in the te xt
Medical Aspects of Chemical and Biological Warfare pub-
lished by the Surgeon General of the U.S. Army. In this re-
port the exposure event was a laboratory accident af fecting
nine laboratory workers (14). It appears that all patients e x-
posed became symptomatic, but biological or environmental
sampling is not described in the authors’ report of the expo-
sure. Two additional w orkers were in the vicinity b ut be-
lieved not to have been exposed. Nonproductive cough was
found in all patients. Onset a veraged at approximately 10
hours after exposure. Other respiratory findings included in-
spiratory and e xpiratory rales, orthopnea, and varying de-
grees of dyspnea. Exertional dyspnea persisted for 10 days
in one patient. Chest pain accompanied with respiratory
symptoms in many patients presented around the same time
of onset of the nonproductive cough. Chest radiograph find-
ings included pulmonary edema, interstitial edema, peri-
bronchial cuffing, atelectasis, and even “normal” chest radi-
ograph interpretation. Fe ver was found in all patients.
Duration of fever was up to 5 days. Shaking chills and onset
of fever was estimated at 8 to 20 hours after suspected time
of exposure. Myalgias were also seen in this case series.
Headache was also a common presenting sign, even as early
as 4 hours after exposure. Similar to myalgias, average time
to onset of headache symptoms w as 13 hours. Symptom
control of headache was achieved with oral medications. In-
terestingly, nausea, anorexia, and vomiting were demon-
strated in this series of patients. Some of the v omiting was
posttussive in nature. No diarrhea w as seen. In terms of
length of illness, the results are of concern when consider-
ing the potential impact to the health care structure. Cough
may persist for up to 4 weeks, and return to work may take
up to 2 weeks. Adult respiratory distress syndrome (ARDS)
could develop in some patients, severely taxing the critical
care system (13). Dif ferential diagnosis should include
common community-acquired pneumonias, influenza, and
mycoplasma respiratory illnesses. Most of these illnesses
would not be expected to either occur in a small number of
patients (i.e., most community-acquired pneumonia and
mycoplasma) or to ha ve an epidemiological pattern more
consistent with a natural movement of an infectious disease
through a population, as would be the case with influenza. 
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MEDICAL MANAGEMENT

Most of the treatment options for either gastrointestinal
presentation of SEB or the inhalation form of the illness
focus on supporti ve care. Fe ver and myalgias can be
treated with antipyretics. Some patients with gastrointesti-
nal symptoms may require support with intravenous fluids.
Antiemetics could also be utilized to control vomiting and
encourage self-hydration. Cough suppressants can provide
symptomatic relief. Of most concern w ould be the pro-
gression of respiratory compromise to require supplemen-
tal oxygen and potentially in some cases the need for 
endotracheal intubation and mechanical v entilation. An-
tibiotics are not belie ved helpful, except in the e vent of
secondary infection in the patient with respiratory compro-
mise. Other work has explored the possibility of blocking
the effects of superantigens from both staphylococcal au-
reus and streptococcus species. Peptide antagonists ha ve
been found to decrease mortality by inhibiting the im-
munological cascade before acti vation in a mouse model
(6). Of concern, many staphylococcus species produce
some variant form of toxin, not necessarily SEB, requiring
specific tailoring of a peptide antagonist. A vaccination
candidate has been de veloped against SEB with the pro-
duction of a recombinant SEB strain using E. coli as an in-
termediate step. The product reduced lethality by elicita-
tion of an immune response able to respond to a challenge
with SEB (7). A future possibility is the use of antibodies
against SEB. P assive transfer of immunoglob ulins pro-
duced in chickens offered protection against a lethal chal-
lenge of SEB in rhesus monkeys even if administered after
exposure (8). As of this writing, no human vaccination is
currently available. 

TRIAGE CONSIDERATIONS

In the case of e xposure to gastrointestinal SEB, most pa-
tients are expected to have a self-limiting course of illness.
Antiemetic therapy may allow for early discharge to home,
and not all patients require intra venous fluid rehydration.
Consider clinical signs and symptoms of dehydration as de-
cision points for the utilization of medical resources with in-
travenous fluids. Small children and the elderly may not tol-
erate dehydration well and should be triaged accordingly .
For an inhalation exposure, it would be prudent to focus at-
tention on those with underlying respiratory illness, im-
munocompromise, and the extremes of age. Other groups of
concern would be those with abnormal oxygen saturation,
hypotension not quickly re versed with fluid resuscitation,
and abnormal chest radiograph (especially f indings consis-
tent with pulmonary edema or ARDS).

PERSONAL PROTECTION

SEB is not spread person to person. Uni versal precautions
should be in place with patient contact activities. 
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QUESTIONS AND ANSWERS

1. SEB can develop in improperly refrigerated food-
stuffs. Which of the following is not commonly associ-
ated with SEB?

A. Pastry
B. Milk products
C. Starchy foods
D. Potato salad
E. Cream fillings

2. Different presentations are possible for SEB. Which of
the following would not typically be associated with
SEB infection? 

A. Nausea, vomiting
B. Nonproductive cough, fever
C. Myalgia, headache
D. Bloody diarrhea
E. Normal chest radiograph
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SUMMARY

SEB can affect the victim via ingestion or inhalation.
Ingestion of toxin results in symptoms generally
within 6 hours: nausea, vomiting, on occasion fever,
and diarrhea. Most illness is self-limiting.

Inhalation of toxin results in fever, nonproductive
cough, myalgias, and chest pain and can result in
pulmonary edema or ARDS. Cough may be a
prolonged symptom. There is no person-to-person
spread.
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3. Which of the following statements are false regarding
SEB?

A. May occur not associated with a terrorist event
B. Is a common cause of food-borne illness
C. Inhalation exposure frequently presents with 

respiratory symptoms rather than gastrointestinal 
D. A human vaccine is currently available
E. Cough symptoms may last for more than 1 week

4. The differential diagnosis for inhalational exposure to
SEB could include which of the following?

A. Botulism toxin
B. Nerve agent exposure
C. Influenza
D. Shigella
E. Anthrax

ANSWERS

1: C. Starchy foods
2: D. Bloody diarrhea
3: D. A human vaccine is currently available
4: C. Influenza

SECTION A REFERENCES

1. Ulrich RG, Bavari S, Olsen M. Bacterial superantigens in
human disease: Structure, function and diversity. Trends Mi-
crobiol 1995;3:463-8.

2. Hursh S, McNally R, Fanzone J, et al. Staphylococcal entero-
toxin B battlefield challenge: modeling with medical and non-
medical countermeasures. Joppa, MD: Science Applications
International Corp; 1995. Technical Report MBDRP-95-2.

3. Stiles BG, Bavari S, Krakauer T, et al. Toxicity of staphylococ-
cal enterotoxins potentiated by lipopolysaccharide: major his-
tocompatability complex class II (MHC class II) molecule de-
pendency and cytokine release. Infect Immun 1993;61:5333-8.

4. Kappler J, Kotzin B, Herron L. Vbeta-specific stimulation of
human T-cells by staphylococcal toxins. Science 1989;244:
813-7.

5. Peruski AH, Johnson LH, Peruski LF. Rapid and sensitive de-
tection of biological w arfare agents using time-resolv ed fluo-
rescence assays. J Immunol Methods 2002;263:35-41.

6. Kaempher R, Arad G, Levy R, et al. Defense against biological
warfare with superantigen toxins. IMAJ 2002:4:520-3.

7. Coffman JD, Zhu J, Roach JM, et al. Production and purifica-
tion of a recombinant Staphylococcal enterotoxin B v accine
candidate expressed in Escherichia coli. Protein Expr Purif
2002;24(2):302-12.

8. LeClaire RD, Hunt RE, Bavari S. Protection against bacterial
superantigen staphylococcal enterotoxin B by passive vaccina-
tion. Infect Immun 2002;70:2278-81.

9. Balaban N, Rasooly A. Staphylococcal enterotoxins. Int J
Food Microbiol 2000;61:1-10.

10. Mead PS, Slutsker L, Dietz V, et al. Food-related illness and
death in the United States. Emerg Infect Dis 1999;5:607-25.

11. Dolin R, Treanor JJ, Madore HP. Novel agents of viral enteritis
in humans. J Infect Dis 1987;155:365-76.

12. Anon. Outbreaks of gastroenteritis associated with noroviruses
on cruise ships—United States, 2002. Mor Mortal Wkly Rep
2002;51:1112-5.

13. Franz DR, Jahrline PB, Friedlander AM, et al. Clinical recog-
nition and management of patients e xposed to biological war-
fare agents. JAMA 1997;278:399-417.

14. Ulrich RG, Sidell S, Taylor TJ, et al. Staphylococcal entero-
toxin B and related pyrogenic toxins. In: Zajtchuk R, Bellamy
RF eds. Textbook of military medicine. Part I. Medical aspects
of chemical and biological warfare. Washington, DC: Office of
the Surgeon General, Department of the Army, 1997.

130 Section 3 Biochemical Terrorism



TRICHOTHECENE MYCOTOXIN, T-2
MYCOTOXIN, “YELLOW RAIN”

THEORETICAL AND SCIENTIFIC
BACKGROUND

Mycotoxins have provided many benefits for society: peni-
cillin-based antibiotics; c yclosporine A (an important im-
munosuppressant for transplant patients); e ven cholesterol-
lowering drugs (such as lovastatin) are based on mycotoxins.
Even outside the realm of biological weapons, however,
mycotoxins are the source of signif icant human suf fering.
Aflatoxin contamination of food is a major source of illness
in the form of a potential etiology of hepatocellular carci-
noma. Another mycotoxin still in use today medically , but
also with severe potential toxic effects, is ergotamine. A con-
tamination of rye with ergotamines is believed by some to be
the cause of behavioral changes that led to the Salem witch
trials in 1692. 

Trichothecenes compose a group of mycotoxins. These
mycotoxins are derived from many different fungi: fusarium,
myrothecium, stachybotrys, trichoderma, and cephalospo-
rium. Fusarium is the source of weaponized trichothecene
T-2 mycotoxin. Although other mycotoxins may also pos-
sess the potential for human toxicity , the focus here is on
what is known about T-2 mycotoxin as a biological weapon,
due to known experience weaponizing this toxin. Another
member of the trichothecene mycotoxin f amily is v omi-
toxin, with the physiological ef fects directly related to the
toxin’s name. Between 1997 and 1998, an estimated 1,700
children in the United States became ill with nausea, ab-
dominal cramps, and of course v omiting after suspected
vomitoxin contamination of burritos at a level of less than 1
part per billion in the contaminated food (1). Reports of tri-
chothecene-induced illness from contaminated food date
back to 1913 Siberia (2). T-2 mycotoxins have relevance to
more modern history. Many are f amiliar with the “yello w
rain” attacks in Southeast Asia in the 1970s, but also in
Afghanistan in the late 1970s and reportedly in the Iraqi re-
search weapons machine (3,4). Some belie ve T-2 mycotox-
ins were used in Iraqi warheads released in Desert Storm. T-
2 mycotoxin has several properties that increase its utility as
a biological weapon: It is resistant to UV light de gradation,
has high heat stability, and although not soluble in w ater, it

is soluble in solv ents such as ethanol, methanol, propylene
glycol, and dimethyl sulfoxide (DMSO) (5). An uncon-
firmed report from the Iran-Iraq war suggested that T-2 my-
cotoxin was mixed with mustard (a blister agent) (6). Simi-
lar to ricin, T-2 mycotoxin can represent not only an
inhalation hazard but ingestion in foodstuffs.

T-2 mycotoxins are generally non volatile stable com-
pounds. Although stable in high heat, 3% to 5% sodium
hypochlorite solution will inactivate the toxins, thus making
this the decontamination solution for surf aces and equip-
ment (7). The T-2 mycotoxins’ mechanism of action is com-
plex. Several possible sites of cellular damage exist. Most of
the focus on T-2 mycotoxin damage is its effects on protein
synthesis. T-2 mycotoxin binds to 60S ribosome, affecting
peptidyltransferase and peptide bond formation (8), protein
elongation, and protein synthesis termination (9). The inhi-
bition of protein syntheses caused by T-2 mycotoxin starts
as soon as 5 minutes after exposure in a cell study (10). Tri-
chothecene mycotoxins can cross cell membranes, and their
lipophilicity allows for absorption through skin, gastroin-
testinal, and respiratory systems.

Other research points to the ability of these toxins to
cause cellular apoptosis as demonstrated in an animal model
with thymus, spleen, liver, and Kupffer cells affected (11).
Apoptosis in intestinal crypt cells has been seen (12) with
DNA fragmentation potentially initiating apoptotic changes
(13). In addition to cellular damage, direct interference with
the proper functioning of brain monoamines is possible as
demonstrated in the cerebral changes in T-2 mycotoxin–ex-
posed rats (14).

A victim can be exposed to T-2 mycotoxin by several dif-
ferent routes: aerosol, droplets, or dust. Lethality appears to
be a factor of route of exposure. The lethal concentration of
50% of an e xposed population (LCt50) is gi ven a range of
200 to 5,800 mg min/m3 (15–17). For skin injury, T-2 myco-
toxin is actually more potent than the vesicant mustard with
an LD50 of 2 to 12 mg/kg 3. These mycotoxins do not ap-
pear to bioaccumulate (18). Metabolism involves utilization
of glucuronide conjugation, oxidation, hydrolysis, deepoxi-
dation (19), and enterohepatic recirculation (20). 

SIGNS AND SYMPTOMS

Acute inhalation exposure could be e xpected to involve the
entire respiratory system. Inhalation of the toxin will lend it-
self to potentially swallowing the toxin, thus gastrointestinal
symptoms may appear as a component of the respiratory e x-
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posure. Respiratory symptoms reported include rhinorrhea,
epistaxis, nasal pain and itching, sore throat, aphonia, change
in vocal quality, cough, dyspnea, and chest pain (21). Ocular
exposure can be assumed to have occurred in most situations
that include respiratory e xposure to the toxin. Ocular irrita-
tion, tearing, blurred vision, and corneal injury could be e x-
pected and may last up to 7 days (22,23). Other related
symptoms can include anore xia, lethargy, nausea, hypoten-
sion, and shock related to gastrointestinal symptoms of diar-
rhea that can proceed to bloody diarrhea and hematemesis.
Symptoms have developed within minutes to hours of e xpo-
sure. Acute ingestion of the toxin from contaminated food or
water supply would be expected to yield these gastrointesti-
nal and systemic presenting symptoms also. 

Acute dermal exposures begins to become symptomatic
within a few hours after dermal contact. Redness, cutaneous
irritation followed by desquamation, as well as the possibil-
ity of vesicles increasing to b ullae, may result, with symp-
toms slow to resolve over weeks. Maximal damage is likely
seen by 48 hours (21). Differential diagnosis should include
exposure to vesicants (such as mustard and Le wisite). Note
that, as with mustard agents, T-2 mycotoxin effects do have
similarities to radiation exposure and could thus be called a
radiomimetic toxin.

Detection can be accomplished in en vironmental and
agricultural samples using GLC (gas-liquid chromatogra-
phy), TLC (thin-layer chromatography), and HPLC (high-
performance liquid chromatography). In biological samples,
urine can be analyzed using TLC as well as gas chromatog-
raphy and mass spectrometry. In the exposed patient, an ini-
tial elevation of neutrophil counts follo wed by falling neu-
trophil counts, elevation of prothrombin, and partial
prothrombin time may be seen. Electrolyte abnormalities
may result from gastrointestinal fluid/electrolyte losses as
well as anemia if significant hemorrhage occurs or is due to
bone marrow injury. Radioimmune assays and enzyme-
linked immunoassays for e xposure assessment are other
technologies that may be available (24). 

MEDICAL MANAGEMENT

Exposed skin should be washed with soap and water to prevent
further absorption and secondary contamination with the toxin.
In an animal study, washing even up to 6 hours after e xposure
prevented dermal lesions (25). Consideration should be gi ven
to the use of activated charcoal in the event of direct oral expo-
sure to T-2 mycotoxin or for inhalation e xposure that can lead
to secondary ingestion of particles residing on the oral mucosa.
Activated charcoal and superactivated charcoal has been found
to be useful in reducing mortality in a vian and mouse models
(26–27). Eye irrigation for ocular e xposures may reduce the
burden of the toxin. Skin care should comprise decontamina-
tion and supporti ve care with soothing lotions such as
calamine. Respiratory care is supporti ve (humidified supple-
mental oxygen if indicated, bronchodilators if needed, and
cough suppressants). Intravenous hydration may be needed for
gastrointestinal losses and hypotension if present. In animal re-
search, selenium pretreatment (acting as a free radical sca v-
enger) reduced toxicity of T-2 mycotoxin (28). Other antioxi-
dants that have been considered include vitamin C and vitamin
E in cell-line studies (29). 

TRIAGE CONSIDERATIONS

Patients with respiratory symptoms of dyspnea, respiratory
distress, and/or pulmonary edema should be carefully ob-
served for the need for potential airway support. Throat irrita-
tion and cough are early indicators that respiratory e xposure
has occurred; those patients should be observ ed for worsen-
ing respiratory symptoms. P atients with gastrointestinal e x-
posures should be considered at risk for dehydration, vomit-
ing, hematemesis, watery or bloody diarrhea, and shock.
Neutropenia and/or thrombocytopenia should be screened for
because of the radiomimetic effects of this agent. 
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SUMMARY

� T-2 mycotoxin dermatological exposure: burn-
ing, skin inflammation, necrosis, vesicles to bul-
lae. 

� T-2 mycotoxin respiratory exposure: cough,
throat irritation, chest pain, dyspnea, pul-
monary edema to ARDS.

QUESTIONS AND ANSWERS

1. T-2 mycotoxin dermal exposure can appear similar
to which of the following exposures?

A. Mustard
B. Anthrax
C. Smallpox
D. Nerve agent
E. Staphylococcus enterotoxin B

2. Complications of T-2 mycotoxin can include which
of the following?

A. ARDS
B. Shock
C. Hematemesis 
D. Corneal irritation
E. All of the above

3. T-2 mycotoxin causes damage to which of the follow-
ing cellular components or functions?

A. Lipid manufacturing
B. Protein elongation
C. Golgi apparatus
D. Mitochondrial function
E. Reproductive cell damage only

ANSWERS
1: A. Mustard
2: E. All of the above
3: B. Protein elongation
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RICIN 

Ricin is a toxin found in castor beans,which are the seeds of
the plant Ricinus communis. Ricin poisons mammalian ribo-
somes, that part of the cell responsible for protein synthesis.
It is extraordinarily potent, with a lethal dose of 500 to 700
micrograms for the a verage human adult when inhaled or
injected. The U.S. Centers for Disease Control (CDC) clas-
sifies ricin as a Class B biological terrorism threat (1,2),
identifying it as an agent that can be disseminated with
moderate ease and that w ould be expected to cause signif i-
cant morbidity.

The processing of castor beans to castor oil, a commonly
available consumer product, produces a residue that is rich
in ricin. This residue is then heated to deacti vate the toxin
and used for agricultural purposes. It is conceivable that the
residue could be diverted before heating, however, and puri-
fied for terrorist purposes. 

Ricin is toxic by oral, injected, and inhaled routes.
Should ricin ever be used as a weapon of mass destruction,
it would most likely be disseminated by aerosolization. 

THEORETICAL AND SCIENTIFIC
BACKGROUND

MOLECULAR BASIS OF RICIN TOXICITY

Ricin toxin is composed of tw o protein chains, A and B,
which are joined together by a chemical linkage of tw o sul-
fur atoms. The ricin A chain produces the biochemical
changes that produce cellular toxicity , whereas the ricin B
chain governs the entrance of ricin into susceptible cells. 

Ricin binds through the B chain to cell surf ace carbohy-
drates. These cell surf ace carbohydrates are ubiquitous
within the human body, and thus ricin can bind to and sub-
sequently enter man y different types of cells. The exact
mechanism by which ricin enters the cell is not completely
understood and may involve several different pathways (3). 

Once ricin enters the cell, the chemical linkage between
the A and B chain is broken. The free A chain then acts as an
enzyme that chemically alters mammalian ribosomes (4),
rendering them dysfunctional. Because the A chain is an en-
zyme, which promotes a destructive chemical reaction but is
not consumed by it, each ricin A chain molecule is capable
of inactivating over 1,000 ribosomes. This, in part, is re-

sponsible for ricin’s potency because a single molecule can
disrupt the protein-synthesis machinery of a cell. 

Because ribosomes are crucial to normal protein synthe-
sis, their deactivation by ricin disrupts normal cellular func-
tion. Cells incapable of producing the proteins crucial to
their survival soon die, producing the cascade of symptoms
seen in ricin poisoning. 

TECHNICAL CONSIDERATIONS REGARDING
RICIN AS A WEAPON OF MASS
DESTRUCTION

Contamination of food or water supplies could produce epi-
demic oral ricin poisoning. This mode of attack w ould
likely be less appealing to terrorists, however, because ricin
is several orders of magnitude less toxic when administered
by the oral route. Inhalation w ould likely be the route by
which bioterrorists w ould deliver ricin because it can be
stored as a powder, aerosolized without losing its biological
activity, and is extremely potent when delivered in this fash-
ion. Although injection can produce se vere morbidity and
mortality, obvious technical barriers mak e the use of ricin
by this route as a weapon of mass destruction unlikely. 

This does not mean it cannot be used by this route as an
agent of terror or murder , however. Georgi Markov was an
exiled Bulgarian dissident li ving in London during the
height of the Cold War, who was broadcasting scathing anti-
Soviet views on the BBC. He was almost assuredly assassi-
nated by a ricin-containing pellet, delivered by means of a
modified umbrella (5). 

SIGNS AND SYMPTOMS

The signs and symptoms of ricin poisoning depend on the
mode of e xposure. Scenarios involving oral, injected, and
inhaled poisoning are all possible. 

Oral. The symptoms encountered in epidemic oral ricin
toxicity would likely resemble cases of castor bean inges-
tion reported in the medical literature (6–9). As such, health
care providers should expect to see abdominal pain, nausea,
vomiting, and diarrhea occurring within several hours of in-
gestion; the vomiting and diarrhea may be bloody. This ini-
tial gastrointestinal phase may be followed by hypovolemia
and circulatory collapse. Hepatotoxicity may occur se veral
days later in moderate to severe cases. 

Inhalation. Ricin might be aerosolized for use as a
bioweapon. In humans, fulminant inhalational ricin toxic-
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ity has not been reported. Inhalational ricin toxicity has
been studied in animals, however (10,11), and human in-
halational ricin poisoning w ould likely resemble the
symptoms seen in these experimental models. Health care
providers should expect to see toxicity developing several
hours after exposure. This dose-related toxicity may range
from a simple cough in cases of tri vial exposure to pul-
monary edema and acute respiratory f ailure in more se-
vere cases.

Injection. Because injection of ricin w ould involve per-
son-by-person contact between terrorists and their victims,
it is the least likely route to be involved in an attack. Health
care providers should kno w the signs and symptoms of
ricin injection, however, especially in light of the f act that
this toxin has been used as an agent of terror in the past. 

Several cases of human ricin poisoning by injection
(5,12,13) suggest a clinical syndrome. P ain at the injec-
tion site is follo wed by local lymphadenopathy , after
which nausea, vomiting, and gastrointestinal hemorrhage
may ensue. Renal, hepatic, and respiratory f ailure may
occur, and in tw o cases death occurred approximately 3
days after exposure to the toxin.  

MEDICAL MANAGEMENT

Treatment of ricin toxicity is entirely supporti ve. No anti-
dote is available. The initial assessment of the ricin-poi-
soned patient be gins with an assessment of the patient’ s
airway, breathing, and circulation. Patients who are mori-
bund from the latter stages of oral or injectional ricin poi-
soning, as well as those with respiratory failure from inhala-
tional ricin poisoning, should be intubated endotracheally .
Supplemental oxygen should be administered to assure ad-
equate tissue oxygenation; v ery high levels will likely be
required in patients with lung damage from inhalational
ricin toxicity. Hypovolemia is e xpected in virtually all
cases of significant ricin poisoning and should be treated
with aggressive infusion of crystalloid. P atients who re-
main hypotensive after appropriate fluid resuscitation re-
quire vasopressor therapy. Late complications, such as
renal and/or hepatic f ailure, are managed with aggressi ve
supportive care as well. 

TRIAGE CONSIDERATIONS

The triage of ricin-poisoned patients must tak e into ac-
count two factors: the route of exposure and the severity of
the patient’s illness. Exposure route is important in that in-
halational toxicity will produce symptoms more quickly
than ingestion or injection. Pulmonary deterioration should
be predicted, and patients should be triaged to an appropri-
ate area or facility. 

Severity of patient illness should govern other triage de-
cisions, with the most ill-appearing patients addressed
first. Because there is no antidote for ricin poisoning, there
is no pressure to deliver these patients to a hospital quickly
for preemptive treatment. 

PERSONAL PROTECTION

Water precautions. Ricin is stable in water and resistant to tra-
ditional chlorine decontamination techniques. The reverse os-
mosis water purification unit used by the U.S. military ef fec-
tively purifies drinking w ater. An easier approach to
purification of potentially ricin-tainted potable water is boiling
for 10 minutes, which inactivates the heat-labile toxin (14).

Respiratory precautions. Appropriate respiratory precau-
tions will pre vent inhalation of ricin in the e vent of an
aerosolized attack. Standard U.S. military issue M17 or M40
masks are acceptable respiratory precautions (15), and civil-
ians would likely rely on level C or better “hazmat” gear. 

Vaccination. Vaccination with inactivated ricin toxoid at-
tenuates ricin-induced lung injury in e xperimental animal
models. Protection has been demonstrated whether the toxoid
is delivered orally (16), subcutaneously (17), or directly into
the lung (18). Although such work is encouraging, it should be
noted that v accination would have to occur days or weeks
prior to exposure to have any benefit. Furthermore, this exper-
imental work is at this time confined to animal models. 
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SUMMARY

Ricin is a potent, naturally occurring toxin that
poisons mammalian cells by disrupting normal
protein synthesis. It is toxic by the oral, inhaled, and
injected routes. Symptoms vary depending on dose
or route of e xposure, but pulmonary toxicity from
inhalational exposure and hypo volemia regardless
of route of e xposure are the most feared sequelae.
Care is supporti ve because no antidote to ricin
poisoning exists. 

RESOURCES

Centers for Disease Control and Pre vention: Ricin:
http://www.bt.cdc.gov/agent/ricin/faq/index.asp.

QUESTIONS AND ANSWERS

1. Ricin is an extremely potent toxin. Which of the follow-
ing represents a potentially lethal dose of inhaled ricin?

A. 500 micrograms
B. 5 grams
C. 50 grams 
D. 500 grams

2. Ricin may produce toxicity via several mechanisms of
exposure. Which of the following is NOT a route of ex-
posure that would be expected to cause toxicity?

A. Dermal

http://www.bt.cdc.gov/agent/ricin/faq/index.asp


B. Oral
C. Injected
D. Inhaled

3. Which of following is NOT a clinical feature of ricin
poisoning?

A. Acute lung injury 
B. Vomiting and diarrhea
C. Hypotension from circulatory collapse
D. Paralysis

4. Which of the following statements about the treat-
ment of ricin poisoning is FALSE?

A. The initial treatment of dehydration and/or hy-
potension is aggressive crystalloid infusion.

B. Hypotension unresponsive to crystalloid infusion
may require vasopressor therapy.

C. Hypoxia should be treated with supplemental 
oxygen.

D. The ricin antidote, if delivered within 2 hours of
exposure, will prevent the development of any
clinical symptoms.

ANSWERS
1: A. 500 micrograms. One half of one gram represents a lethal

dose of inhaled ricin. Aerosolization of even a few hundred
grams of ricin, therefore, could easily produce a mass ca-
sualty incident.

2: A. Dermal. The skin provides an effective barrier against ricin
because the protein does not penetrate intact integument.
Oral toxicity from ricin poisoning may occur, although
higher doses of ricin would be needed to produce toxicity
by this route. Injected or inhaled ricin is expected to cause
serious morbidity or mortality in doses of less than 1 gram. 

3: D. Paralysis. Answers a, b, and c are all symptoms that one
might see after ricin poisoning. Paralysis is a common find-
ing in poisoning by nerve agents and might be seen after
poisoning by botulinum toxin, but it is not an expected find-
ing in ricin poisoning.

4: D. The ricin antidote, if delivered within 2 hours of exposure,
will prevent the development of any clinical symptoms. An-
swers A, B, and C all represent appropriate therapy for
ricin poisoning. At the present time, there is no antidote for
ricin poisoning; treatment is supportive. 
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13
Types of Radiation: Basic Theory
Explained for the Nonphysicist
Greene Shepherd

THEORETICAL AND SCIENTIFIC
BACKGROUND

What are radiation and radioactivity? What are the immediate
and long-term threats to life and health that can result from ex-
posure? How is it detected? What safety measures are needed?
Where can I f ind expert help? These are questions that man y
health care professionals are uncomfortable answering. The
next several chapters are devoted to addressing such questions
for the clinician. The goal of the current chapter is to provide a
clear and user-friendly description of radiological principles.

Radiation is simply the release of ener gy from atoms in
the form of particles or waves. To understand how radiation
is generated, a basic understanding about the structure of
atoms is needed. Atoms are the basic b uilding blocks of all
matter (Fig. 13-1). The atom consists of a central nucleus,
with shells of electrons orbiting around this nucleus. Elec-
trons are very small relative to the size of the nucleus and
are negatively charged. The nucleus carries a positive charge
and is made up of protons and neutrons. Each element has a
defined number of protons. These protons, which are posi-

tively charged, have the tendency to repel each other . Neu-
trons also exist in the nucleus of atoms, except for hydro-
gen, which only has one proton. Neutrons are roughly the
same size as protons, but they do not carry a char ge. Think
of neutrons as spacers that k eep the positively charged pro-
tons from repelling each other. In most atoms there is an av-
erage ratio of 1.2 neutrons for e very 1 proton. When such a
balance exists, the nucleus of the atom is v ery stable and
emits little ener gy except under v ery extreme conditions.
When there is an imbalance of this ratio of protons to neu-
trons, an element is radioactive. Often the imbalance is due
to an e xcess of neutrons. An element with an unbalanced
nucleus is referred to as an isotope or radionuclide. Dif fer-
ent isotopes of the same element are identif ied based on the
difference between the atomic weights. F or example the
atomic weight of iodine is normally 125.9 g/mol while the
most common radioacti ve isotope weighs 131 g/mol. The
extra weight in this case comes from e xcess neutrons. In
order for the nucleus of the atom to return to a stable or bal-
anced condition it will release energy. This release of energy
is referred to as radioacti ve decay or simple decay (Fig.
13-2). This process will continue until enough ener gy has
been released for the nucleus to stabilize. 



The energy is released in tw o forms that can be described
as particles and waves. The first form of radiation is tiny fast-
moving particles that ha ve both ener gy and mass (weight).
The other form of radiation is pure ener gy with no weight.
This kind of radiation is vibrating or pulsating w aves of elec-
trical and magnetic energy. It is also referred to as electromag-
netic waves or electromagnetic radiation. Another way of de-
scribing radiation is in terms of how it interacts with matter; it
can be classified as ionizing or nonionizing. Ionization is the
process of removing electrons from atoms, leaving two electri-
cally charged particles (ions) behind. Ionizing radiation comes
in the form of atomic particles and w aves that deliver a large
amount of energy. Nonionizing radiation does not ha ve suffi-
cient energy to remove electrons from atoms (1,2).

An unstable nucleus can become stable by changing a neu-
tron into a proton with the ejection of a ne gative bit of matter
(a beta particle or electron). Con versely, a proton can change
into a neutron with the ejection of a positi vely charged bit of
matter (a positron or positively charged electron). The nucleus
of large unstable atoms can reach stability by ejecting lar ger
particles that consist of tw o protons and tw o neutrons (an
alpha particle). Since the number of protons can change as an
atom reaches stability, the resultant element can be dif ferent
than the original one. 

Because energy is released at predictable rates, we are able
to calculate the half-life ( t1/2) of the radioactive element. This
is simply the amount of time it tak es for the amount of a ra-
dioactive isotope to decrease by 50% as it loses ener gy to be-
come a stable element. These half-lives can be v ery short
(technetium 99m, t1/2 = 6 hours) or v ery long (Uranium 235,
t1/2 = 7.1 _ 108 years). It is important to remember that even a
tiny amount of a substance (say a milligram) will contain mil-
lions of indi vidual atoms. When thinking about radioacti ve
decay, we are really dealing with the con version of individual
atoms. When we talk about half-life, we are talking about how
many atoms are decaying over a period of time. For example if
we started with 100 atoms of a radioacti ve element, the half-
life would indicate how long it would take for 50 of the atoms
to decay to a stable conf iguration. Half-lives will not be the
same for different isotopes. Table 13-1 contains a list of com-
mon isotopes with half-li ves and types of radiation emitted.
When all the excess energy and mass is given off, the resultant
element finally becomes stable. For all practical purposes, any
amount of radioacti ve material will be completely depleted
after 10 half-lives. 

The most common types of ionizing radiation are alpha parti-
cles, beta particles, protons, gamma rays, and x-rays. Alpha par-
ticles usually have high energies (4 million to 8 million electron
volts, or MeV), and they consist of tw o protons and tw o neu-
trons. They travel a few centimeters in air and up to 60 microme-
ters into tissue. The high energy and short path result in a dense
track of ionization along the tissues with which the particles in-
teract. Alpha particles will not penetrate the stratum corneum of
the skin, and thus they are not an e xternal hazard. However, if
alpha-emitting elements are taken into the body by inhalation or
ingestion or from open wounds, serious problems such as cancer
may develop. Alpha emitters are primarily uranium isotopes and
are generally found in nuclear chemistry laboratories and isotope
production facilities. They can also be found in hospitals that
offer nuclear medical services. They are not likely to be used as a
weapon unless combined with a con ventional explosive device
(Chapter 17). The path length of a proton is some what longer
than that of an alpha particle of equivalent energy. Beta particles
interact much less readily with matter than do alpha particles and
will travel up to a fe w centimeters into tissue or man y meters
through air. Exposure to external sources of beta particles is po-
tentially hazardous, but internal exposure is more hazardous. Ex-
amples of beta-particle emitters are the isotopes carbon-14, gold-
198, iodine-131, radium-226, cobalt-60, selenium-75, and
chromium-51. Protons with ener gies of a fe w million electron
volts can be produced by high-energy accelerators and are quite
effective in producing tissue ionization. They are similar to alpha
particles but have a longer path length and are more likely to pro-
duce hazardous effects. Gamma rays are electromagnetic energy
emitted from the nucleus. They have a range of many meters in
air and many centimeters in tissue and, like beta particles, consti-
tute a biologic hazard both internally and externally. Examples of
gamma emitters are cobalt-60, cesium-137, iridium-192, and ra-
dium-226. X-rays, like gamma rays, are high-energy electro-
magnetic energy with short w avelengths. X-rays and gamma
rays are sometimes referred to as photons. These waves or rays
are very penetrating and can ionize atoms deep within the body .
X-rays generally have longer wavelengths and lower frequencies
relative to gamma rays; consequently, they have lower energies.
The biologic effects of x-rays and gamma rays are better kno wn
than any of the other forms of ionizing radiation. 
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Figure 13–1. The basic structure of an atom.
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Figure 13–2. Emission of energy from a radioactive atom in the
form of a wave (top) and a particle (bottom). (From the Nuclear
Regulatory Commission: http://www.nrc.gov/reading-rm/basic-
ref/glossary/radioactivity.html.)

http://www.nrc.gov/reading-rm/basic-ref/glossary/radioactivity.html
http://www.nrc.gov/reading-rm/basic-ref/glossary/radioactivity.html
http://www.nrc.gov/reading-rm/basic-ref/glossary/radioactivity.html
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TABLE 13-1  Isotopes Listed Alphabetically*

PHYSICAL EFFECTIVE RADIATION
ISOTOPE HALF-LIFE HALF-LIFE TYPE

Americium-241 458 yr 139 yr a, e-, g
Americium-243 7950 yr 194 yr a, g
Antimony-122 67 h — b-, b+, g
Antimony-124 60 d — b-, g
Antimony-125 2.7 yr — b-, e-, g
Argon-37 35 d — g
Arsenic-74 18 d 17 d b-, b+, g
Arsenic-76 26.5 h — b-, g
Arsenic-77 39 h 24 h b-, g
Barium-131 12 d — g, e-
Barium-133 7.2 yr — g, e+
Barium-137m 2.55 min — g, e-
Barium-140 13 d 11 d b-, e-, g
Beryllium-7 53 d — g
Bismuth-207 30 yr — e-, g
Bismuth-210 5.01 d — a, b-, g
Bromine-82 35.34 h — b-, g
Cadmium-109 453 d 140 d e-, g
Cadmium-115 53.5 h — b-, g
Cadmium-115 43 d — b-, g
Calcium-45 165 d 162 d b-
Calcium-47 4.5 d 4.5 d b-, g
Californium-243 2.6 yr 2.2 yr g, a, N
Carbon-11 20.3 min — b+, g
Carbon-14 5730 yr 12 d b-
Cerium-141 33 d 30 d b-, e-, g
Cerium-144 284 d 280 d b-, e-, g
Cesium-131 9.70 d — g
Cesium-134 2.05 yr — b-, g
Cesium-137 30.0 yr 70 d b-, e-, g
Chlorine-36 3.1 _ 105 yr — b-, g
Chromium-51 27.8 d 27 d e-, g
Cobalt-57 270 d 9 d e-, g
Cobalt-58 71.3 d 8 d b+, g
Cobalt-60 5.26 yr 10 d b-, g
Copper-64 12.8 h — b-, e-, b+, g
Curium-242 163 d 155 d a, N, g
Curium-243 32 yr 27.5 d a, g
Curium-244 17.6 yr 16.7 yr a, N, g
Dysprosium-159 144 d — e-, g
Erbium-169 9.4 d — b-, e-, g
Europium-152 13 yr 3 yr b-, b+, e-, g
Europium-154 16 yr 3 yr b-, e-, g
Europium-155 2 yr 1.3 yr b-, e-, g
Fluorine-18 2 h 2 h b, g
Gadolinium-153 242 d — e-, g
Gallium-67 78.1 h — g
Gallium-68 68.3 min — b+, g
Gallium-72 14.1 h 12 h b, g
Germanium-71 11.4 d — g
Gold-195 183 d — e-, g
Gold-198 2.7 d 2.6 d b-, e-, g
Gold-199 75.6 h — b-, e-, g
Hafnium-181 42.5 d — b-, e-, g
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TABLE 13-1  Isotopes Listed Alphabetically* (continued)

PHYSICAL EFFECTIVE RADIATION
ISOTOPE HALF-LIFE HALF-LIFE TYPE

Holmium-166 26.9 h — b-, e-, g
Hydrogen-3 12 yr 12 d b-
Indium-111 2.8 d — g
Indium-113m 100 min — e-, g
Indium-114 72 sec — b-, b+, g
Indium-114m 49 d 27 d e-, g (DR)
Iodine-123 13 h — g
Iodine-125 60 d 42 e-, g
Iodine-129 1.7 _ 107 yr — b-, e-, g
Iodine-130 12.4 h — b-, g
Iodine-131 8.05 d 8 d b-, e-, g
Iridium-192 74 d — b-, e-, g
Iridium-194 17.4 h — b, c, g
Iron-52 8.3 h — b-, g
Iron-55 2.6 yr 1 yr g
Iron-59 45 d 42d b-, g
Krypton-81m 13.0 sec — g
Krypton-85 10.76 yr — b-, g
Lanthanum-140 40.22 h — b-, g
Lead-210 2 yr 1.3 yr a, b-, e-, g
Lutetium-177 6.7 d — b-, e-, g
Magnesium-28 21 h — b-, e-, g
Manganese-54 303 d — e-, g
Mercury-197 2.7 d 2.3 d e-, g
Mercury-197m 24 h — e-, g
Mercury-203 4 d 11 d b-, e-, g
Molybdenum-99 67 h 1.5 d b-, g
Neodymium-147 11.1 d — b-, e-, g
Neptunium-237 2 _ 106 yr 200 yr a, g (DR)
Neptunium-239 2.3 d 2.3 d b, g
Nickel-63 92 yr — b-
Niobium-95 35 d — b+, g
Osmium-191 15 d — b-, e-, g
Oxygen-15 124 sec — b+, g
Palladium-103 17 d — g
Palladium-109 13.47 h — b-, e-, g
Phosphorus-32 14 d 14 d b-
Plutonium-238 88 yr 63 yr g, a
Plutonium-239 2.4 _ 104 yr 197 yr g, a
Polonium-210 138 d 46 d a, g
Potassium-42 12 h 12 h b-, g
Praseodymium-142 19.2 h — b-, g
Praseodymium-143 13.6 d — b-
Praseodymium-144 17.3 min — b-, g
Promethium-147 2.6 yr 1.6 yr b-
Promethium-149 2.2 d 2.2 d b-, g
Protactinium-233 27.0 d — b-, e-, g
Protactinium-234 6.75 h — b-, e-, g
Radium-224 3.6 d 3.6 d g, a (DR)
Radium-226 160 yr 44 yr a, e-, g (DR)
Rhenium-186 90 h — b-, e-, g
Rhodium-106 30 sec — b-, g
Rubidium-82 1.3 min — b+, g
Rubidium-86 19.0 d 13.2 d b-, g
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TABLE 13-1  Isotopes Listed Alphabetically* (continued)

PHYSICAL EFFECTIVE RADIATION
ISOTOPE HALF-LIFE HALF-LIFE TYPE

Ruthenium-97 2.9 d — e-, g
Ruthenium-103 39.6 d — b-, g
Ruthenium-106 367 d 2.5 d b- (DR)
Samarium-151 87 yr — b-, e-, g
Samarium-153 47 h — b-, e-, g
Scandium-46 84 d 40 d b-, g
Selenium-75 120.4 d — e-, g
Selenium-77m 17.5 sec — g
Silver-110 24.4 sec — b-, g
Silver-110m 253 d 5 d b-, e-, g
Silver-111 7.5 d — b-, g
Sodium-22 2.60 yr 11 d b+, g
Sodium-24 15 h 14 h b-, g
Strontium-85 64 d 64 d e-, g
Strontium-87m 2.83 hr — e-, g
Strontium-89 52 d — b-, g
Strontium-90 28 yr 15 yr b- (DR)
Sulfur-35 88 d 44 d b-
Tantalum-182 115 d — b-, e-, g
Technetium-99 2.12 _ 105 yr 20 d b-
Technetium-99m 6.0 h — e-, g
Tellurium-132 78 h — b-, e-, g
Terbium-160 72.1 d — b-, e-, g
Thallium-201 73 h — g (DR)
Thallium-204 3.8 yr — b-, g
Thorium-230 8 _ 104 yr 200 yr a, g

* a, alpha; b, beta; e, electron; g, gamma; DR, daughter radiation; N, neutron.
Adapted from Ellhorn, M.J. ed. Ellenhorn’s medical toxicology: diagnosis and treatment of human poisoning. 2nd ed. Baltimore: Williams
& Wilkins; 1997.

Nonionizing radiation is quite common and consists of
low-energy electromagnetic w aves. This includes the visible
spectrum, infrared, and ultraviolet light. Low-energy electro-
magnetic energy such as radio waves and microwaves are also
nonionizing forms of radiation. Nonionizing radiation lacks
the energy to dislodge orbital electrons or destroy the physical
integrity of an impacted atom. Generally speaking, nonioniz-
ing radiation is not able to cause mass casualties. Although
largely improbable, nonionizing electromagnetic devices such
as lasers or electromagnetic pulses could theoretically be used
by terrorists to damage structures or interrupt the function of
electronic devices. 

RADIATION UNITS

Like most drugs or chemicals, there is a relationship be-
tween radiation dose and its ef fect on the body. To quantify
the varying effects of radiation e xposure, one must be able
to understand the dose of radiation. Most drug dosing can be
thought of as an amount (grams, etc.) per unit of body
weight (kilograms or pounds). Radiation dosing can be
thought of as an amount of ener gy absorbed by the body .

The dosing can be acute, a one time exposure, or chronic, a
cumulative dose over time. Table 13-2 contains def initions
of the units and terms that are used to describe radiation and
its dosing. Currently, two systems of units describing radia-
tion are widely used. In the United States the older terms
“rads,” “rems,” and “curies” are frequently used, while
newer units consisting of “gray ,” “sievert,” and “becquerel”
are used internationally. Table 13-3 shows the relationship
between the dif ferent systems of units. The international
system is becoming more popular because it produces num-
bers that are more practical to use when describing effects of
commonly encountered doses. F or the purpose of this sec-
tion, the older and more familiar terms will be used followed
by the newer units in parentheses where appropriate. 

The basic unit for measuring radiation is the rad (or the
international Gy). The rad is def ined as the deposition of
0.01 joule of ener gy per kilogram of tissue. Think of rad
(Gy) as a one time dose, like an x-ray . To quantify the
amount of damage that is suspected from a radiation e xpo-
sure, rads (or an equi valent number of Gy) are con verted
into rems, which at one time stood for Roentgen Equi valent
Man. The rem (or the similar international unit sie vert, or
Sv) is adjusted to reflect the type of radiation absorbed and
the likelihood of damage (Table 13-2). Think of rem (Sv) as
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TABLE 13-2  Radiation Measurements and Definitions (S1 Units in Descriptions)

CHARACTERISTIC UNITS DESCRIPTION

Energy Electron volt eV = Kinetic energy of an electron as it moves
(eV) through a potential difference of 1 volt.
or Joule (J) J = the kinetic energy of an object with a mass of 2 

kilograms moving with a velocity of one meter per second. 

Half-life Time The time required for the radioactivity of an isotope 
to decrease by 50%. 

Rate of Curie (Ci) Radioactivity emitted per unit of time
radioactive or 1 Ci = 3.7 _ 1010 disintegrations per second.
decay Becquerel (Bq) 3.7 _ 10-10 Ci = 1Bq = 1 disintegration per second.

Air exposure Roentgen (R) Used to quantify ionization caused by x-rays or 
gamma radiation in air. One roentgen of exposure 
will produce about 2 billion ion pairs per cubic 
centimeter of air. 

Absorbed dose Rad The amount of ionizing radiation that the body absorbs.
or One rad results in the absorption of 0.01 Joule (1 Gy = 1 Joule)
Gray (Gy) of ionizing radiation per gram of medium.

Biologic Rem Dose of any form of ionizing radiation that produces the
effectiveness or same biological effect as 1 roentgen;

Sievert (Sv) 1 rem = 1 rad × Penetrating Factor (PF),
where the value of PF depends on the type of radiation as follows:

x-radiation = 1.0

gamma radiation = 1.0

beta = 1.0

alpha = 20

neutrons = 5 to 20, depending on their energy

Agency for Toxic Substances and Disease Registry. Toxicological profile for ionizing radiation. Atlanta: U.S. Department of Health and Human
Services, Public Health Service; 1993.

TABLE 13-3  Conversions Between New and Old Units Used for Describing Radiation

QUANTITY OLD UNIT SYMBOL NEW UNIT SYMBOL RELATIONSHIP

Activity curie Ci becquerel Bq 1 Ci = 3.7 _ 1010 Bq

Absorbed dose rad rad gray Gy 1 rad = 0.01 Gy
Dose equivalent rem rem sievert Sv 1 rem = 0.01 Sv

the cumulative dose. In most cases of one time “flash”expo-
sure, the rad (Gy) and rem (Sv) will be equivalent. For exam-
ple, a standard x-ray machine was used to deliver 100 rads of
radiation. If you get e xposed every day for 10 days your cu-
mulative dose (100 rads per day) w ould be 1000 rem (Tables
13-1 to 13-3). 

Radiation is measured by a variety of instruments (Chapter
14). The instrument used depends on the type of radiation
being emitted. Personnel who ha ve a potential for radiation
exposure will need to w ork with badges or other de vices to
measure their e xposure levels. This will allo w planning for
how to rotate staff and to know who might require treatment.

RADIATION DOSES IN PERSPECTIVE

Radioactivity has existed for millions of years in the crust
of the earth, in building materials, in the food we eat, in the
air we breathe, and in virtually e verything that surrounds
us. Radiation from these materials, as well as cosmic radia-
tion from the sun and universe, makes up the natural back-
ground radiation to which we are constantly exposed.

Most individuals are exposed to about 360 millirems
(3.6 mSv) per year from natural and man-made sources.



Smoking 1.5 packs of cigarettes a day for 1 year pro-
duces an accumulative radiation dose of 16 rem (0.16 Sv)
to the bifurcation of the bronchus. If an indi vidual is ex-
posed to more than 100 rads (1 Gy) at one time, pre-
dictable signs and symptoms will de velop within a fe w
hours, days, or weeks depending on the dose. Fifty per-
cent of individuals exposed to a single dose of 450 rads
(4.5 Gy) of penetrating radiation will die without medical
intervention, within 60 days. 

The dose of radiation a person recei ves and the likeli-
hood of adverse effects from radiation e xposure depend
on four f actors: source of radiation, distance from the
source, duration of e xposure, and shielding. Identifying
the radiation source is important because the magnitude
and type of radiation being released can be determined
from it. As previously discussed, penetrating forms of
ionizing radiation are the most concerning. It is also im-
portant to appreciate how much radioactive source mate-
rial is present. The dose of radiation decreases dramati-
cally as the distance away from the source of radiation is
increased. Avoiding direct physical contact with the
source is important in limiting e xposure. If a person is
forced to work in close proximity to a radiation source,
he or she should be allo wed to use tools that allo w the
person to work at a distance from the source. Ev en sim-
ple tools such as poles, rakes, or shovels can dramatically
reduce the dose. A general rule of thumb is that by dou-
bling the distance from the radiation an indi vidual will
get four times less radiation. If the distance between the
individual and the source is halv ed, exposure will in-
crease by a factor of four. This phenomenon is described
by a mathematical model kno wn as the in verse square
law (Fig. 13-3). The further the person is a way from the
source, the lower the radiation dose will be. Duration of
exposure is another important f actor in estimating the
total dose absorbed. The shorter the time within in a radi-
ation field, the less the radiation exposure. Limiting time
in close proximity to the radiation source will dramati-
cally decrease the total dose absorbed. Shielding refers to
anything that can be placed between the indi vidual and
the radiation source to block its ef fects. Radiation can
also be blocked or reduced by v arious materials. In gen-
eral, dense materials are better shields than materials
with low density. However, there are some e xceptions.
Alpha radiation can be stopped by a sheet of paper. Alpha
particles travel approximately 1 to 2 inches in air and
cannot penetrate unbroken skin. Beta particles tra vel up
to 10 feet in air and can penetrate a fe w millimeters of
tissue. They can be stopped by light layers of clothing,
aluminum foil, or an average book. Gamma rays are only
reduced by dense materials such as steel, concrete, earth,
or lead. Gamma rays can travel several hundred feet in air
and penetrate the human body . Neutrons can tra vel sev-
eral hundred feet in air and are v ery damaging to cells.
They can be slowed or stopped by hydrogenous materials
(wax, water, or plastics). Do not shield neutron-produc-
ing sources with lead or dense materials. The neutrons
will collide with the atoms in these materials and emit
gamma rays in the process. Using w ax, water, or plastic
as a covering for more dense shielding will minimize sec-
ondary radiation from neutrons. This approach offers the
safest shielding when dealing with an unidentified source

of radiation. When dealing with radiation, the factors of
distance, duration, and shielding can be manipulated to
decrease health risks.

TYPE OF RADIATION EXPOSURE

Three types of radiation e xposure can occur: external irradia-
tion, contamination, or incorporation. External irradiation oc-
curs when all or part of the body is exposed to penetrating radia-
tion from an external source. During exposure, this radiation can
be absorbed by the body or can pass completely through it. A
similar thing occurs during an ordinary chest x-ray. This type of
exposure can occur all at once, like a single x-ray , or on a
chronic basis, as with a person who w orks with radium e very
day. Following external exposure, an individual is not radioac-
tive and can be treated lik e any other patient. Contamination
means that radioactive materials in the form of gases, liquids,
and/or solids are on/in a person’ s body are said to be contami-
nated. An external surface of the body, such as the skin, can be-
come contaminated, and if radioactive materials get inside the
body (through the lungs, gastrointestinal tract, or wounds), the
contaminant can become deposited internally. Contaminated in-
dividuals are at significant risk due to close proximity to the ra-
diation and the potential for a long duration of e xposure unless
they are decontaminated. Incorporation refers to the uptak e of
radioactive materials by body cells, tissues, and target organs
such as bone, liver, thyroid, or kidney. In general, radioactive
materials are distributed throughout the body based upon their
chemical properties. Incorporation cannot occur unless internal
contamination has occurred. Individuals who are contaminated
can pose a risk to other people. These three types of events (i.e.,
external irradiation, contamination, and incorporation) can hap-
pen in combination and can be complicated by physical injury
or illness.

Radioactive iodine is probably the most common and signif-
icant of isotopes that can be incorporated into the body. The thy-
roid is the only or gan in the body that uses iodine. Blocking
available sites for iodine in the thyroid with nonradioacti ve io-
dine prevents incorporation. When the thyroid is properly
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Radiation
Source 4 feet2 feet

Distance from source

1 foot

Figure 13–3. The inverse square law demonstrates how the radi-
ation dose decreases as you move away from the source of the
radiation. Notice how the spacing between the particles in-
creases as they move away from the source.



blocked, radioactive iodine has nowhere else to go and will be
eliminated in the urine without noticeable effect, no matter how
much an indi vidual is e xposed to. Unfortunately , the nonra-
dioactive iodine has to get there before the radioactive iodine, so
potassium iodide must be administered within 4 hours of the ex-
posure to be effective. After 12 hours, there is no protective ef-
fect. Elimination of internal contamination with other isotopes
such as uranium and tritium may be hastened through urinary
alkalinization and forced fluids to reduce the potential for injury.

MEDICAL MANAGEMENT

The most immediate source of e xpertise on patients who are
exposed or contaminated by radioactive substances will likely
be a medical physicist, nuclear pharmacist, or radiation safety
officer. Most governments require that any health facility that
administers radiation to patients (as diagnostic studies or ther-
apy) have a person with significant training and experience as-
sessing and treating the effects of radiation on people. Such in-
dividuals will also be v ery familiar with how to activate the
assistance of governmental resources if needed. Due to their
wide distribution and specialized knowledge, such individuals
are invaluable local resources when planning, doing training
exercises, or responding to actual threats. 

B. Electrons
C. Gamma rays
D. Protons
E. X-rays

2. Which of the following is NOT TRUE regarding alpha
particles?

A. Alpha particles usually have low energies. 
B. Alpha particles consist of two protons and two

neutrons.
C. Alpha particles will not penetrate the stratum

corneum of the skin. 
D. Alpha particles travel a few centimeters in air and

up to 60 micrometers into tissue.
E. Alpha particle emitters are primarily uranium iso-

topes and are generally found in nuclear chemistry
laboratories and isotope production facilities.

3. Which of the following statements is FALSE?
A. If an individual is exposed to more than 100 rads

at one time, predictable signs and symptoms will
develop within a few hours, days, or weeks de-
pending on the dose.

B. All individuals exposed to a single dose of 450
rads of penetrating radiation will die within 60
days if they receive no medical intervention.

C. Most individuals are exposed to about 360 
millirems per year from natural and man-made
sources.

D. Alpha radiation can be stopped by a sheet of paper.
E. Gamma rays are only reduced by dense materials

such as steel, concrete, earth, or lead.

4. Which of the following is NOT CORRECT?
A. A rem is the dosage of any ionizing radiation that

will cause biologic injury to human tissue equal to
the injury caused by1 roentgen of x-ray or gamma-
ray dosage.

B. A rad is a unit that measures the absorbed dose of
ionizing radiation.

C. A roentgen is a unit of measure quantifying ioniza-
tion produced by x-radiation or alpha-ray radiation.

D. A curie is a measure of a substance’s radioactivity.
E. Radioactive half-life is the time required for the

radioactivity of an isotope to decrease by 50%.

ANSWERS
1: B. Electrons.
2: A. Alpha particles usually have low energies.
3: B. All individuals exposed to a single dose of 450 rads of pen-

etrating radiation will die within 60 days if they receive no
medical intervention.

4: C. A roentgen is a unit of measure quantifying ionization pro-
duced by x-radiation or alpha-ray radiation.
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SUMMARY

Radiation is energy released from unstable atoms. It
can be released as particles or as waves. If the radia-
tion has enough ener gy, it can produce dangerous
ionizing interactions with li ving tissue. The dose
absorbed depends on the source of the radiation, the
distance from it, shielding, and the duration of
exposure. Knowledge of these f actors can help to
minimize exposures.

COMMON FORMS OF IONIZING RADIATION
� Alpha particles—Intermediate energy and low

penetration
� Beta particles—Low energy and intermediate

penetration
� Gamma rays or x-rays—High energy and high

penetration

PRINCIPLES FOR MINIMIZING EXPOSURE
� Stay as far away from the source as practical.
� Use appropriate shielding.
� Limit exposure time.

QUESTIONS AND ANSWERS

1. Which of the following is NOT a common type of ion-
izing radiation?

A. Beta particles
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Detection of Nuclear Radiation
Keith Edsall and Daniel C. Keyes

INTRODUCTION

Ionizing radiation is not detectable by an y natural means.
Specific devices are necessary to detect alpha, beta, gamma,
x-rays, and neutrons. Medical staff must learn to use simple
portable instruments and interpret the f indings, and they
must also be a ware of the associated pitf alls when using
these instruments. Understanding the technical aspects of
the working of the instrument is not essential, but those in-
terested can obtain the information from an y nuclear

TABLE 14-1  Instrument Requirements Based on the Type of Radiation Incident

TYPE OF INCIDENT INSTRUMENT REQUIRED COMMENTS

Sealed beta gamma source Geiger Müller (GM) GM instrument is used for low dose rates and counts. 
instrument; ionizing chamber An ionizing chamber instrument is used to measure high 
instrument; dose-rate/meter dose rates.

Unsealed beta gamma Instruments as above, together Instruments as above. Also an air sampler may be used
sources with air samplers to determine the concentration of radioactive material in the 

air in the working environment.

Known neutron source Neutron meter These instruments can measure high doses of neutrons.

Alpha sources Instrument using an alpha probe; Use of this instrument requires special training. 
air sampler The probe must be held very close without touching 

the skin. These probes are easy to contaminate.

Contained criticality Ionizing chamber; dose rate Requires a high dose rate meter and also a neutron meter.
meter; neutron meter

Uncontained criticality All those required for Initial radiation will consist of high dose gamma and
“contained criticality” along neutrons. However, all types of radiation will be produced
with an air sampler by the fission products formed, which are radioactive

Unknown radioactivity All of the above Assuming the worst, all such instruments may be required. It is 
easy to scale down in an incident; it is very difficult to scale up.

Note: Regular training in instrument use is essential not only in aiding the treatment of the patient but also protection of the medical staff.

physics textbook. Note that this chapter uses the units of
rads and rems, currently used in the United States. See
Chapter 13 for a discussion of ne wer international units of
measurement used in discussing radiation.

RADIATION DETECTION INSTRUMENTS

Instruments used to detect radiation can be di vided into
three major categories: portable instruments, laboratory in-
struments, and personnel and area dosimeters (Table 14-1).



PORTABLE INSTRUMENTS

The portable instruments that hospital and prehospital per-
sonnel use are capable of detecting contamination on the pa-
tient and also the dose rate coming off the patient as a result
of external or internal contamination. Man y medical deci-
sions can be made from the information gained. 

The Geiger-Müller “Counter”
The most common type of portable instrument used is the
Geiger Müller, known familiarly as the “Geiger counter.” It is
constructed using either an end windo w probe to detect beta
and gamma radiation or a pancake probe to detect alpha, beta,
and gamma radiation (Fig. 14-1).

Chapter 13 describes the penetrating characteristics of the
different types of radiation and ho w to pro vide protection.
Alpha radiation can be completely shielded by a simple piece
of paper; beta particle shielding can be achie ved by using a
light material such as aluminum. Gamma radiation can only
be attenuated by using heavy materials such as lead, depleted
uranium, or blocks of concrete; and f inally, neutrons are
shielded by materials with a high hydrogen content such as
polystyrene or wax. 

The Geiger counter detects beta and gamma irradiations
using the end windo w device. With the window facing the
contamination, two types of radiation can be detected, beta
and gamma. By turning the end windo w 90 degrees, the cas-
ing of the end windo w probe, which is made of metal, only
permits gamma radiation through, shielding out beta radia-
tion. Therefore the types of radiation can be differentiated.

The Pancake Probe
The typical pancake probe, more sensitive than the end win-
dow, is capable of detecting alpha, beta, and gamma radia-
tions. However, it is inef ficient when it comes to detecting
alpha radiation. Special probes are used with a thin Mylar

film cover containing zinc sulphide. Scintillation is used to
measure alpha radiation, requiring a scintillation material
known as a phosphor. When a phosphor material is e xposed
to ionizing radiation, it causes excess energy due to electron
excitation and produces a flash of light. These flashes of light
are directed onto a photo multiplier tube that changes them
into electrical pulses, and by means of electronic circuits is
able to record readings on an instrument scale.

The scintillation counter’ s advantages over a Geiger -
Müller instrument are that it has greater range for measuring
dose rate, is capable of measuring higher count rates, and
demonstrates improved accuracy when measuring dose rates.
Removing the protective cover from the pancak e probe, one
can detect the three types of radiation, which can be differen-
tiated by using simple shielding.

Placing a piece of paper between the radiation source and
the probe of the instrument shields out alpha, allowing only
the beta and gamma radiation to reach the probe of the instru-
ment. Placing a thin piece of aluminum between the radiation
source shields out beta radiation and also alpha radiation, al-
lowing only gamma to reach the probe. The pancake probe
casing is generally made out of aluminum. By turning the
head 180 degrees, the beta radiation is shielded out. Therefore
users have a good idea of what types of radiation the y are
dealing with and what radiation is the main contributor. 

The Geiger-Müller instrument can be used to measure
counts per minute or dose rate in mR/Hr . 1 mR/Hr corre-
sponds to approximately 2,000 to 3,000 counts per minute.
A word of caution: These instruments only detect low levels
of gamma, and they can saturate with high-count levels giv-
ing a zero reading. Typical range for a Geiger -Müller
counter is up to 80,000 counts per minute and up to 20 m/R
per hour. Note that these instruments are calibrated against a
known gamma source. For higher levels of gamma, a differ-
ent type of instrument is required (e.g., an ionizing chamber,
which can read levels up to 500R/Hr), and assistance should
be obtained from a nuclear health physicist.

The Geiger-Müller instrument only distinguishes types of
radiation, but it does not indicate what specific isotope or iso-
topes are causing the radiation. Identif ication of isotopes can
only be achieved by using specialized laboratory techniques
such as a mass spectrometer . Thus contaminated clothing,
wound dressings, and other related samples should be sent as
soon as possible to the designated nuclear laboratory for iden-
tification of radioactive isotope/isotopes. 

Generally speaking, these types of instruments have a low
sensitivity, in the range of 10%. Therefore only part of the ir-
radiation/contamination present is being measured.

BACKGROUND RADIATION AND
INTERPRETATION OF DETECTION
DEVICES

We live in a “radiation en vironment.” The annual back-
ground radiation and human-made radiation in the United
States is estimated as 360 m/rem. The contributions are 87%
natural occurring, approximately 11.5% medical, 0.5%
weapon fallout, 0.5% air tra vel and luminous dials, and
0.5 % occupational exposure.
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Radioactive Source

RADIATION INSTRUMENT

α β γ

β γ
Paper shielding

γ
Aluminum shielding

Figure 14–1. Differentiation of types of radiation by using
shielding.
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We are continuously exposed to natural occurring sources
including cosmic radiation, terrestrial gamma rays, internal
radiation, and decaying products such as radon. We also
have internal radiation: We are all “radioactive” with carbon
14 (C14) and potassium 40 in our bodies in v ery small
amounts. C14 is produced by cosmic radiation interacting
with nitrogen in the upper atmosphere changing N14 to
C14. The C14 dif fuses down into the lo wer atmosphere
where it is absorbed by li ve tissue, and radioactive potas-
sium 40 is found in the soil.

We are also exposed to human-made radiation, especially
from medical sources including x-rays, nuclear medicine pro-
cedures, and radiotherapy procedures. Nuclear weapon tests
also contribute to background exposure, but this is declining
since the cessation of atmospheric testing in the mid-1960s.
Other trivial contributions come from the nuclear industry.

It is important to know the level of background radiation
in your area. Background radiation v aries from area to area
and from day to day. If you live in a mountainous region, the
background radiation is much higher than in a “sedimen-
tary,” or low-altitude region. Measure the background radia-
tion in your area regularly so that in a radiation incident you
will be able to calculate the increase abo ve this background
level. There have been cases in which it was erroneously as-
sumed some individuals were contaminated, when in fact it
was background radiation being measured. In areas of lo w
natural radiation, the background count might be approxi-
mately 20 to 30 counts per minute. In areas with greater nat-
ural background le vels, the count w ould be much higher .
Therefore it is essential you measure the background for that
particular day, especially before patients arrive at your hos-
pital. You are looking for an y increase in the instrument
count level above background.

Many common errors occur with radiation instruments,
and adequate training for medical staf f in the use of the in-
struments accompanied by re gular practice sessions is es-
sential. Experience dictates that most serious incidents
occur at inconvenient hours when the staffing levels are at a
minimum. Therefore all k ey staff must kno w how to use
these instruments.

Common errors that occur using radiation detection in-
struments include the follo wing: (a) not checking batteries
regularly; (b) leaving the batteries in the instrument, which
corrodes the connecting terminals; (c) using the wrong scale
on the instrument, resulting in misinterpretation of the read-
ings; (d) not calibrating the instrument re gularly; and (e)
covering the alpha probe head with a sur gical glove to pre-
vent the probe becoming contaminated. Putting a sur gical
glove over the probe is fine to measure beta or gamma radia-
tion, but it is contraindicated when measuring alpha radia-
tion. If alpha radiation cannot penetrate through a piece of
paper, it certainly will not penetrate a surgical glove. During
exercises, people have made the simple error of putting a
surgical glove over the probe to protect the alpha probe. This
resulted theoretically in the medical facility becoming com-
pletely contaminated when the y were under the impression
they were free from contamination.

Monitor slowly, moving the probe at a rate of about an
inch a second. Make sure you monitor the whole body, espe-
cially paying close attention to the back and head including
the hair. The use of the probe v aries depending on which

type of radiation you are measuring. Hold the probe about 1
centimeter away from the skin to pick up beta and gamma
radiations. If measuring alpha, hold the alpha probe  closer
to the skin, that is, only a few millimeters, otherwise you
will miss alpha radiation. Note that when detecting alpha ra-
diation, it is v ery easy to contaminate the probe so mak e
sure spare alpha instruments are a vailable and you ha ve an
adequately trained staf f member to perform the detection
process. It requires considerable practice to use an alpha
probe competently. 

Develop a procedure to monitor the body so you do not
miss any part of the body. If you find contamination on the
person’s clothing, stop monitoring, remove the clothing, and
then remonitor from the be ginning. Handle the instruments
with care because the y are delicate and sensiti ve. Always
transport the instruments in their carrying case.

NEUTRON METER

Neutron meters are straightforw ard but do require instruc-
tion and practice to be ef fective. Neutrons, as the name im-
plies, are neutral and do not produce ionization directly .
They are detected via indirect methods. One common
method is to use an instrument that contains helium gas.
When the helium gas is bombarded with neutrons, the neu-
tron is absorbed into the nucleus and a proton is ejected,
changing helium into tritium. This proton causes ionization
in the instrument, thereby indirectly demonstrating the pres-
ence of neutrons.

CRITICALITY INCIDENT

Under normal conditions, reactors are kept below a “critical
mass.” If this minimum threshold amount of nuclear mate-
rial is reached, it can cause a propagating nuclear reaction
that goes out of control. It occurs when sufficient fissile ma-
terial is present (fissile materials are those containing atoms
with nuclei capable of splitting). One such material is ura-
nium-235 (U-235), which in the correct geometrical arrange-
ment can start a chain reaction. When a U-235 atom is bom-
barded with a thermal neutron, it causes the uranium atom to
split. This creates two fragments, each of which are new ele-
ments that may or may not be radioacti ve, plus energy, plus
on average three new free neutrons. The three new neutrons
go on to split another three atoms of U-235, producing nine
new neutrons, and so on, to cause a chain-reaction “cas-
cade” and uncontrolled fission. This is referred to as a criti-
cality incident.

An example was the Tokai Mura criticality accident on
September 30, 1999. After too much enriched U-235 w as
dissolved in nitric acid, the critical threshold was reached.
The quantity of uranium used and the geometrical shape
was such as to cause “criticality ,” resulting in pulsed high
levels of neutron and gamma emissions. The reaction pro-
duced large amounts of energy in the form of heat, which
changed the geometrical conf iguration and the mass be-
came noncritical. However, on cooling, the geometric con-
figuration returned to the ideal and the solution became



critical, resulting in intermittent criticality. Therefore with re-
spect to fissile material it is essential that a critical mass is not
inadvertently assembled, which could cause a serious radia-
tion accident. 

In a criticality incident, a person may be exposed to a flux
of neutrons. As a result of the neutron e xposure, the patient
may actually emit radiation in the form of “secondary
gamma.” This is one of the few times when the victim can ac-
tually become a radiation source. Radiation emission by the
patient can be detected by placing a beta gamma detector on
the abdomen of the patient and ha ving the patient bend o ver
the probe.

PERSONNEL DOSIMETERS

Several types of dosimeters can be used by the medical staf f.
However, patients will not have been wearing one of these de-
vices when they were exposed. Therefore calculating the dose
of the patient will be a very difficult task for the nuclear health
physicist. Arrangements must be made to pro vide these de-
vices for the staff prior to initiating work in an at-risk environ-
ment. The dosimeters must be w orn on the anterior thorax.
Note that the dose recorded is the dose to the dosimeter and
does not necessarily represent an accurate whole-body dose to
the individual, especially in a nonuniform radiation f ield.
Some dosimeters may not ha ve a very high maximum meas-
urement. If an individual wearing such a badge e xperiences a
very high exposure, it may be impossible to determine the ac-
tual dose received. Typically, hospital staff members receive
very low doses. Higher, more dangerous doses would only be
expected at the incident site, and then only when entering the
cordoned-off area (Table 14-2).

The types of dosimeter recommended for medical staf f in-
clude the thermo luminescent dosimeter , a quartz f iber
dosimeter, and an instantaneous electronic readout dosimeter .
In the case of a criticality accident, a neutron dosimeter is also
required. Air sampling systems can also play a role. There are
other types of dosimeters, but these are the essential ones re-
quired for hospital staff.

THERMOLUMINESCENT DOSIMETER (TLD)

Two main types of thermoluminescent dosimeters (TLD)
are in common use: the one positioned on the anterior chest
and the finger-tip dosimeter. These dosimeters use the prop-
erty of certain crystals with impurities added into the crys-
tal. In simple terms, these crystals can trap radiation energy
within their structure. Typically, lithium fluoride is used and
impurities such as copper within the crystal serv e as elec-
tron traps between the v alence and conduction band within
the crystal. When radiation enters the TLD, electrons are
caught in these electron traps. To release trapped electrons
to their stable state, heat is applied to the crystal (200° to
300°C) resulting in the emission of light, which can be de-
tected by using a photo multiplier tube and thereby enabling
the dose to be calculated.

This type of de vice has many advantages. The dose re-
sponse is linear, up to 10 grays (1,000 rads). It can be meas-
ured rapidly within a few minutes, but typically the dosime-
try laboratory is not in close proximity to the hospital. Quite
often these laboratories are in distant cities, making “real-
time” use impractical. The crystal material used in the
dosimeter reacts just lik e human tissue (kno wn as “tissue
equivalent”), and so it provides an accurate estimate of tis-
sue dose. This type of dosimeter can also be modified into a
finger-tip device, giving an indication of the dose recei ved
to the fingers of emergency staff or surgical staff carrying
out surgical procedures.

QUARTZ FIBER DOSIMETER

The quartz fiber dosimeter can measure beta, gamma, and x-
rays. Its range can be up to 200mR per hour , and there are
various designs depending on the radiation ranges being de-
tected. The dosimeter is pen shaped and worn just inside the
neck margin of the surgical gown. It is an ionization cham-
ber of the capacitor type. These devices require charging,
and an ionizing current is allo wed to disperse the char ge.
The quartz fiber is supported by a wire. When these compo-
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TABLE 14-2  Characteristics for Use of Personal Dosimeters

TYPE OF INCIDENT DOSIMETER COMMENTS

Sealed source: Thermo-luminescent dosimeter (TLD); TLD legal requirement: to be worn under a surgical gown
alpha, beta, gamma quartz fiber dosimeter (QFD) on the anterior chest. QFD is worn inside the neck of the
radiation surgical gown. These are very sensitive. Do not knock or 

drop them. They will give a falsely high reading.

Unsealed radioactive TLD, QFD, and also a personal A personal air sampler should be as close to the nose and 
source: air sampler mouth as possible and positioned on the superior anterior 
alpha, beta, gamma chest.

Criticality accident TLD, QFD, neutron dosimeter In this situation high doses are to be expected. 
(e.g., criticality lockout) Expert advice is required.

Adapted from Wald N. Ionizing radiation. ATSDR. 1993 Oct.



nents are both charged to positive polarity, they cause a de-
flection of the quartz f iber. When ionizing radiation enters
the ion chamber, a “leakage current” flow discharges the de-
vice and causes the quartz fiber to move toward the positive
support wire.

NEUTRON PERSONNEL DOSIMETERS

The neutron personnel dosimeter uses a type of plastic called
CR39, the same plastic often used in the manuf acture of
lenses of glasses. In simple terms, neutrons cause tracks in
the plastic and these are used to estimate the dose of radia-
tion exposure (1).

CRITICALITY LOCKETS 

Criticality lockets are used when fissile material is handled
in the environment of nuclear reactors and in reactor fuel
ponds. These devices measure v ery high neutron doses.
Neutrons are measured indirectly via bombardment of cer-
tain materials that release beta particles. These beta parti-
cles can be counted and the neutron dose calculated. Later
neutron dosimeters use a type of plastic called CR39, the
same plastic often used in the manuf acture of lenses of
glasses. As just described, the neutrons cause tracks in the
plastic that are used to estimate the dose of radiation
caused by neutrons. 

ELECTRONIC READOUT INSTRUMENTS

These compact instruments give an instantaneous readout of
the dose. They can be worn by the response team or placed
in strategic positions inside the w ork environment. They
have an audible alarm that can be set to activate upon reach-
ing a specific dose.

AIR SAMPLERS 

The personal air sampler is worn on the chest as close to the
nose and mouth as possible and usually positioned on the
neck collar. Another type, the static sampler , is placed in
strategic positions in the hospital emer gency department or
at the incident site. Some of the static air monitors are pro-
vided with an audible alarm that can be set to a certain level
of contamination by the health physicist. These devices are
used to monitor the contamination le vels of radioactivity in
the working environment and measure the radioactive parti-
cles suspended in the air . This is achie ved by dra wing a
known quantity of air through a filter paper. A health physi-
cist then counts the f ilter paper under correct conditions.
The airborne activity is calculated from the count rate on the
filter paper.

THE IMPORTANT ROLE OF THE HEALTH
PHYSICIST

The health physicist complements the role of the doctor
and must exercise his or her role on a regular basis. Leaving

it to the time of the nuclear incident will be too late. Also,
the health physicist must be e xperienced with trauma. It
would not be the f irst time an indi vidual has fainted at the
sight of blood. R. E. Toohey wrote an e xcellent review of
the role of the health physicist (2). 
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Figure 14–2. Quartz fiber pen dosimeter with its charger.

Figure 14–3. Radiation instrument with alpha probe.

SUMMARY

The medical staf f in the emer gency department,
which includes doctors, nurses, and ancillary staff,
require proper training in the use of radiation instru-
ments. Provision of or access to these instruments, as
well as personnel dosimeters, is essential. Regular
training with these instruments is k ey to maintain
staff competence in their use (Figs. 14-2–14.5).



QUESTIONS AND ANSWERS

1. With what radiation must most care be taken when
trying to detect it with the appropriate instrument?

A. beta
B. gamma
C. neutrons
D. alpha

2. Common error(s) that occur while using radiation de-
tection instruments include:

A. Finding the batteries are dead when the instrument
is needed

B. Leaving the batteries in the instrument, which cor-
rodes the connecting terminals

C. Using the wrong scale on the instrument, which
results in misinterpretation of the readings

D. Covering the alpha probe head with a surgical
glove to prevent the probe becoming contaminated

E. All of the above

3. Regarding air samplers:
A. Personal ones are usually positioned on the thigh. 
B. A static sampler is typically placed in strategic po-

sitions in the hospital emergency department or at
an incident site. 

C. Some static air monitors are provided with flash-
ing lights and a silent alarm that can be set to cer-
tain levels of contamination by health physicists. 

D. They cannot be used to monitor contamination
levels of radioactivity in the working environment

E. They may be used to measure water contamination
as well as air.

4. Which of the following is FALSE?
A. Neutrons can produce ionization directly.
B. Under normal conditions, reactors are kept below

a “critical mass.” If this minimum threshold
amount of nuclear material is reached, it can cause
a propagating nuclear reaction that goes out of
control.

C. The annual background radiation and human-
made radiation for the year in the United States is
estimated to be 360 m/rem. Major contributions
are 87% natural occurring and approximately
11.5% medical.

D. Specific devices are available to detect alpha, beta,
gamma, x-rays, and neutrons.

E. Beta particle shielding can be achieved by using a
light material such as aluminium.

ANSWERS
1: D. alpha
2: E. All of the above
3: B. A static sampler is typically placed in strategic positions in

the hospital emergency department or at an incident site.
4: A. Neutrons can produce ionization directly.
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Figure 14–4. Finger dosimeter.

Figure 14–5. Radiation with pancake probe.
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Personal Protection and Decontamination
for Radiation Emergencies
Keith Edsall and Daniel C. Keyes

PERSONAL PROTECTION

Personal protection for incidents in volving radioactive ma-
terials should be inte grated into an all-hazards approach to
disaster planning. Important features to include in such
planning are (a) predetermination of hospital and emer-
gency department layout and staffing for triage, decontami-
nation, and management of victims; (b) proper training and
availability of equipment for use of personal protection; (c)
knowledge of where expert advice can be obtained over the
telephone and the time interv al it would take for experts to
arrive on request; and (d) a wareness of specialized centers
in the area where patients can be transferred if needed and
preexisting written understandings with these institutions.
Finally, regular exercises will be needed to reinforce learn-
ing and to correct deficiencies in the overall process.

Personal protection is based specif ically on proper con-
sideration of the type of radiation in volved, whether alpha,
beta, gamma or neutron, and the ever-important features of
time, distance, shielding, and quantity (Chapter 13). One
must also kno w what the basic radiation detection instru-
ments are and understand ho w to interpret the readings of
these instruments (Chapter 14). Indi vidual staff members
need to know about the types of personal dosimeter to use
and where to place them on oneself. In this chapter , we dis-
cuss which type of protection must be w orn in the hospital
environment, as well as accepted practices and procedures
for the decontamination of patients. 

Radiation can either be caused by particles, including
beta or alpha particles or neutrons,or electromagnetic waves,
including gamma rays and x-rays. Particular radiation can be
blocked completely by proper shielding; ho wever, electro-
magnetic radiation can only be decreased (attenuated). It is
not completely stopped by shielding. However, if the proper
amount of shielding is used, the amount of radiation that
penetrates will be so lo w as to be of no biological signif i-

cance. By carrying out set procedures correctly, it is possible
to limit the dose to the medical staf f and also pre vent both
external and internal contamination from occurring.

PROTECTION AGAINST ALPHA RADIATION

Alpha particles, which produce dense ionization, can only
travel 1 or 2 centimeters in air and only up to about 70 microm-
eters into tissue. The penetrating power of alpha particles is
very poor and can be stopped completely by a piece of paper .
Since the outer layers of skin are dead and generally thick er
than 70 micrometers, alpha particles externally would not gen-
erally cause biological damage. On the other hand, alpha parti-
cles that enter into the body present a more serious situation be-
cause the alpha particles are no w adjacent to li ve tissue and
could cause serious biological damage within that 70-microm-
eter track length. Inhalation and ingestion of alpha particles are
therefore the primary concern with respect to personal protec-
tion. If a patient has been e xposed to alpha radiation but is not
contaminated, there is no need for personal protection whatso-
ever. However, if the patient has been contaminated with alpha-
containing material, then removal of clothing and w ashing
should be sufficient to protect the medical personnel from risk.
In addition, application of a face mask and standard “universal
precautions” (which will be described later in this chapter)
should be sufficient for this purpose. 

PROTECTION AGAINST BETA RADIATION

Beta particles have a range of ener gies, and their penetrating
power depends on the initial energy of the particle concerned.
There tends to be a range or spectrum of energies for beta par-
ticles. Beta particles typically tra vel 1 to 3 meters in air and
just a few millimeters into tissue. Beta particles of higher ener-
gies can penetrate deeper into tissue. With internal intake of
beta particles, the depth of penetration into li ve tissue would
be the same. These particles can cause severe beta burns of the



skin as was seen in the Chernobyl accident. They may also
cause severe internal damage if they enter the body via inhala-
tion, ingestion, or wounds. To shield against beta particles, a
light material such as aluminum is all that is required. In f act,
it is preferable to use materials such as aluminum to pre vent
Bremsstrahlung radiation. Bremsstrahlung radiation occurs
when beta particles come under the influence of a positive nu-
cleus. As a result of such close proximity and bending around
the nucleus, they slow down. As this occurs, it gives off heat
and x-ray electromagnetic radiation. This is more lik ely to
occur if a heavy material is used, such as tungsten. This is the
principle of an x-ray machine.

PROTECTION AGAINST GAMMA
RADIATION

Gamma rays, as with ordinary x-rays, penetrate right
through the body. The gamma radiation interacts with the
biological tissues and causes damage. Therefore this type
of radiation can produce the acute radiation syndrome
(Chapter 16). Shielding required for this type of radiation
requires lead, concrete, or depleted uranium. Shielding at-
tenuates this type of radiation b ut does not completely
shield against it; ho wever, the amount of gamma rays that
penetrates the shield is so small that it is of no biological
significance. An important point to mention here is that if a
patient who has been irradiated by gamma rays only , this
patient is not radioactive and is of no danger to the medical
staff. The opposite may actually be true: the medical staff,
with the bacteria they normally carry, can endanger an im-
munocompromised patient. The reason in mentioning this
point is that there ha ve been a few cases around the w orld
where patients have been refused admission into the hospi-
tal because of concerns that the y might contaminate the
hospital. In these cases, there is no contamination, and
there is no residual irradiation on the patient. There is
therefore no danger the hospital or hospital staf f. Consider
a routine chest radiograph. After patients ha ve a chest 
x-ray, they do not walk out of the x-ray department radioac-
tive. The same principle applies to gamma exposures.

NEUTRONS

Criticality accidents involving neutron exposures may actu-
ally cause the patient to become radioacti ve. The sodium in
our body has an affinity to capture neutrons, and in so doing
it changes from the normal Na-23 to radioacti ve Na-24,
which has a half-life of 15 hours. This can be detected sim-
ply by placing an instrument on the abdomen of the patient
and having the patient bend over the instrument. The axillae
may also be used for this purpose. The instrument will then
detect any secondary gamma radiation. Neutrons are highly
penetrating and are shielded by material of high hydrogen
content such as wax or polystyrene.

TIME 

Time is an important factor with respect to exposure; ideally
the time spent in a radiation en vironment should be as short
as possible. Experts, either at the scene of the incident or at

the hospital emer gency department, set specific limits of
dose for responders in an emer gency. The fact that such
threshold levels are set does not mean that the responders re-
ally receive this dose of radiation. Ideally , one should rotate
staff so that the dose is “shared,” keeping individual doses to
a minimum. There is a much greater risk of exposure to high
doses at the incident scene than in the hospital emer gency
department. In the hospital en vironment, the dose received
by hospital staff is generally low. Nevertheless, the practice
of rotating staff is important in both settings.

DISTANCE

Distance is an important f actor to tak e into consideration
when dealing with radiation. A useful rule of thumb is to re-
member the inverse square law: by doubling the distance the
dose is reduced to a quarter . In practical terms, the radiation
dose will be markedly reduced if  one w orks a few extra feet
from the radiation source. If one considers being one foot
away from a radioacti ve source and the dose recorded from
the instrument reads 80 cGy (centi-Gray) by doubling the dis-
tance to 2 feet the instrument would read 20 cGy, a quarter of
the original dose. By doubling the distance again to 4 feet,the
dose would again be reduced by a quarter to 5 cGy . There-
fore, by increasing the distance to 4 feet, the dose has reduced
from 80 cGy to 5 cGy, for a total reduction in dose of 75 cGy.

SURGERY AND OTHER WORK VERY CLOSE
TO RADIOACTIVE SOURCES

When working very close to a contaminated patient, the
converse of the inverse square law applies. If performing
surgery or otherwise working in close proximity to the pa-
tients, the doses increase by the same “in verse square”
principle. By halving the distance the dose w ould go up
fourfold. As one approaches the source, the dose rapidly
rises. On actual direct contact with the source, the dose
could be very significant. It is important to remember to
never pick up a source with your fingers, no matter how
small it is. When working directly on wounds, it is prefer-
able to use 6-inch swab forceps not your fingers. The dose
resulting from direct contact of the w ound with your f in-
gers could be signif icant compared to the dose 6 inches
away using forceps. 

QUANTITY

The quantity of radiation can be modif ied rapidly in a
contaminated radiation incident simply by remo ving the
clothing. This is particularly important if a lar ge number
of contaminated casualties arri ve at your f acility. Taking
off the clothing reduces the contamination of the patient
by approximately 85% to 90%. Each individual’s clothing
should be double-bagged using polyethylene bags, which
are labeled with the patient’s name, date of birth, and time
the clothing was removed. This clothing must not be kept
in the emergency department but instead should be placed
outside the hospital in a designated area as determined by
the health physicist. In this way, a build-up of radioactive
material in the emergency department can be avoided, and

152 Section 4 Nuclear Terrorism



the staff will not be exposed to unnecessary irradiation. It
is also important to remove all radioactive waste from the
emergency department as soon as possible.

The preceding discussion endea vors to illustrate ho w
the important principles of time, distance, shielding, and
quantity of radiation are the k ey concepts to remember in
protecting hospital personnel.

TRIAGE CONSIDERATIONS

It may be anticipated that man y otherwise healthy b ut
concerned individuals will arrive at the hospital, demand-
ing treatment and reassurance. As such, it is recom-
mended that an area be designated to pro vide personnel
for monitoring and counseling. (See also Chapter 41.)

Individuals, who believe that they have been contami-
nated or irradiated b ut who ha ve been shown not to be,
tend to suffer from stress, in some cases severe.  In the ex-
perience of the author, the counseling team should consist
of a health physicist, a physician conversant with radia-
tion, a psychiatrist, and a radiation safety of ficer with in-
strumentation. Patients benefit from seeing the instru-
ments used. By using these de vices, the counseling team
can clearly demonstrate that the patients have no contami-
nation on them. This counseling center should be posi-
tioned away from the emergency center but within a short
distance of it. If the hospitals and emer gency services are
forewarned that a nuclear terrorist e vent has taken place
before the public are aware, then receiving centers can be
set up before victims arrive. One option is to use a nearby
public venue such as a sports arena. Triage can be set up
there and only patients requiring hospital treatment need
to be transferred to the hospital.

MEDICAL MANAGEMENT

PREPARING THE HOSPITAL AND STAFF TO
RECEIVE CONTAMINATED PATIENTS WITH
TRAUMA

Emergency departments are often accustomed to recei v-
ing occasional chemical casualties, and usually a small
area of an emergency department is designated for decon-
tamination and care of these patients. Such a small area
will most likely not be adequate in a terrorist e vent. Most
of the area in the emer gency department will be required
for this type of event, remembering that it is easy to scale
down but very difficult to scale up in an emer gency. It is
essential for the emer gency disaster plan to include the
possibility of radiation incidents. In a terrorist e vent, the
number of people arri ving at the emer gency department
may range anywhere from just a few people to a crowd in-
volving thousands of people. With most serious disasters
around the world, only the most seriously injured people
have stayed at the accident site for initial triage. The vast

majority of patients either found the hospital on their own
or used public transportation. This was seen in the 1995
Japanese terrorist attack with sarin nerve agent. In that in-
cident, approximately 500 people were taken to the hospital
by the general public before the f irst ambulance arrived.
Therefore, it is important that the hospital’ s emergency
plans be designed to cater to large numbers of people who
require triage and decontamination. 

As with chemical incidents, patients should be prop-
erly disrobed and decontaminated prior to passing into the
emergency department. Triage is required to dif ferentiate
the type of patient you are dealing with. If the patient is
contaminated without any trauma, then facilities must be
put in place to enable remo val of clothing. This includes
washing facilities for decontamination of hair and sho w-
ering, biological sampling, and the provision of replace-
ment clothing. Ideally, the only patients who should then
be seen in the emer gency department are those who ha ve
been traumatized, have been irradiated to signif icant lev-
els, or have any likelihood of heavy contamination exter-
nally or internally. Ultimately they will be given treatment
depending on the radioactive isotope identified. Many pa-
tients may be followed up as an outpatient.

PREPARATION OF THE EMERGENCY
DEPARTMENT

Ideally, the emergency department should be divided into
two major areas: (a) a “dirty area” (contaminated) and (b)
a “clean area” (kept free of contamination). A third area
may be used in case of o verload (Fig. 15-1). The ventila-
tion system to the emer gency department should be com-
pletely isolated from the rest of the hospital, and even
shut down if necessary. This prevents the transmission of
radioactive contamination to other parts of the hospital.
All unnecessary equipment should be remo ved from the
designated dirty area of the emer gency department. Any-
thing that cannot be remo ved should be co vered with
drapes. The floor should be co vered with an impervious
material and “taped do wn.” A typical practice is to use
common “butcher’s paper” and tape it do wn. Demarcate
the dirty area from the clean area by using colored floor
tape. Butcher’s paper is a good choice for a number of
uses. It is v ery strong and ine xpensive. If there are an y
splashes decontaminating a patient, the paper absorbs the
liquid and is easily identif iable. Once the splashing is
identified, one should mark around it with a mark er pen
and cover with a spare piece of the paper. Then one writes
on the patch the w ord “contamination.” Once all the pa-
tients have been dealt with, the specialist team will con-
centrate on the splashed areas f irst, by decontaminating
the area. When this has been completed, the rest of the
paper on the floor is removed and bagged. Final monitor-
ing of the area is carried out, and the emergency depart-
ment can then be used again for its normal functions. 

X-ray facilities are an important consideration because
it is relati vely easy to contaminate this department. F or
this reason, it may be advisable to use only portable x-ray
machines. The machines should be positioned on the edge
of the clean area. The x-ray head and arm of the machine
can be covered with a polythene bag so that the arm can
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be maneuvered into the dirty area without contaminating
the x-ray machine. X-ray f ilm cassettes should be placed
in a polyurethane bag before being transferred into the
dirty area. 

Part of your resuscitation f acility should be within the
dirty area to deal with emer gency traumatized patients.
You must deal with the trauma first before considering the
irradiation or contamination problem. If an endotracheal
tube is being inserted into a patient, a good practice is to
put a sur gical hat o ver the patient’s hair. Following this
practice will prevent the clothing of the resuscitator from
becoming contaminated when inserting the tube, checking
placement, or auscultating the chest with a stethoscope. 

The dirty area should contain w ash basins and a
shower, if possible, with a designated pathw ay to the
clean area for movement of patients. An operating theater
should be designated for severely injured patients. If pos-
sible, this should be situated close to the emer gency de-
partment. A patient requiring a life-saving surgical proce-
dure then may be tak en directly to the operating theater .
There may be concern about contaminating an operating
room. However, these theaters are designed to be decon-
taminated as a result of viral and bacterial agents so the y
can also be decontaminated as a result of radioactive con-
tamination. Patients who are being transferred to the oper-
ating room may be covered with a clean drape. To prevent
contamination of the hospital by the wheels of the gurney,
one may roll the wheels of the gurne y onto duck tape, at
the demarcation of the dirty and clean area barrier . This
will trap an y potential contamination on the gurne y
wheels. There should be pro vision for a designated path-
way for emergencies through the clean area if necessary
to access the operating room. 

PERSONAL PROTECTION

PROTECTIVE CLOTHING REQUIRED BY
HOSPITAL STAFF

Hospital staff working in the “dirty” area should wear surgical
greens and gown, as well as work with “universal” (body se-
cretion) precautions. Surgical hood, mask and face shield, and
shoe covers or surgical boots are also included in this uniform.
Two pairs of surgical gloves are generally recommended, with
the inner pair being a different color than the outer. The second
color of the outer sur gical gloves allows for changing as one
moves from patient to patient. On some occasions people have
taken off the outer glo ves and forgotten to put a ne w set on.
The practice of using tw o colors allo ws the staf f to be re-
minded when they take off the outer gloves. If the inner gloves
become contaminated, they can be removed under controlled
conditions and under the watchful eye of the health physicist.
They may then be replaced with tw o new sets of gloves. The
inner set of surgical gloves should be  taped to the slee ves of
the surgical gown; the outer set of gloves is not taped. Also the
opening on the back of the surgical gown should be taped, just
as the surgical trousers should be taped to the surgical boots. It
is also advisable to wear a lightweight w aterproof plastic
apron over the other garments. 

DOSIMETERS

Dosimeters should be pro vided for each member of staf f
entering the dirty area. The characteristics of these devices
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are described in Chapter 14 and include a quartz f iber
dosimeter (QFD) worn just inside the neck of the sur gical
gown for easy access. The health physicist will monitor
the dose received by the members of staff in the dirty area
periodically. These devices give an instantaneous readout.
Dosimeters should be handled v ery carefully, as these de-
vices are sensiti ve to knocks or being dropped. Another
personal measuring device that, by law, must be worn is a
thermoluminescent dosimeter. This is worn on the anterior
chest underneath the sur gical gown. The thermolumines-
cent dosimeter cannot be read immediately and must be
sent to a re gistered dosimetry laboratory to be read. It is
important that you know in advance where this laboratory
is situated. Arrangements should be made with this labora-
tory in the e vent of an emer gency. There should also be
provision for supply of these dosimeters in the e vent of a
nuclear incident; ho wever, the hospital should already
have a limited stock of dosimeters and should pro vide for
the rapid acquisition of additional supplies if needed. 

Instantaneous readout dosimeters are electronic devices
that can be worn by the individual or placed in a strate gic
position both in the dirty and clean areas so that e veryone
can see what dose is accumulating in that particular area.
Individuals need to wear personal dosimeters because our
body senses cannot detect irradiation. They also serve to
reassure the individual staff members because the actual
dose received will generally be very low.

In a radiation incident, staff should be committed into
the designated dirty area only as they are needed. This sit-
uation is different from  the normal trauma disaster where
staff members are already at their designated positions.
The hospital will not kno w initially how many patients it
will be receiving; it could be one or tw o, or it could be
hundreds. The staff assigned to the dirty area will need to
undress in a specific order, handing over their dosimeters,
and to be fully monitored from head to toe to rule out con-
tamination. When done correctly , this procedure should
take between 5 and 10 minutes for each individual. Thus if
30 people are in the dirty area, it will take a few hours to
monitor the last staff members out of the dirty area if there
is only one e xit monitoring team. Rotate staf f as much as
possible to share the dose. Also staff members should be
informed not to eat, drink, or smoke in or near the treat-
ment or decontamination sites. Also it is a good idea to re-
mind staff to use the rest room before entering the dirty
area, as they could be there for a long period of time. If
possible, a counseling team should be assigned specif i-
cally to the emergency staff. The emergency staff will not
have deep knowledge of radiation. Following the incident,
all staff members will need to be monitored fully , their
doses assessed, and reassurance pro vided by an e xpert.
There often will be a need for psychological support both
during and after the incident.

All hospital emergency staff should be able to use radi-
ation instruments in an emergency and differentiate among
alpha, beta, and gamma radiation. Unfortunately , quite
often these events happen during “off hours,” with a mini-
mum staff level. Not kno wing how to use these instru-
ments correctly can lead to major problems. Only by regu-
lar practice with these radiation instruments will the staf f
become competent. Common failures with instrumentation
are covered in Chapter 14.

REMOVING CLOTHING FROM THE PATIENT

There is a slight difference between the patient arriving by
ambulance and the patient arriving at the door of the emer-
gency department. The patient arriving by ambulance may
already be wrapped in blankets. Before transferring the pa-
tient onto a hospital gurney, place two sheets on the gurney
and then transfer the patient. The contamination is con-
tained on the inner surf ace of the blankets that the patient
is wrapped in, and on the outer surf ace of the patient’ s
clothing. One should roll the blank ets from the outside in,
thus trapping the contamination, which is on the inside of
the blanket. While being conscious of the potential for
contamination on the outside of the patient’s clothing, care-
fully cut the clothing away from the face down both arms
and legs. Do not put the clothing under tension when cut-
ting because this tends to release contamination into the
air in the region of the faces of the emergency staff carry-
ing out the procedure. Once the clothing is cut, roll the
clothing from the inside out to trap the contamination in-
side the clothing. There will be two rolls on either side of
the patient, including the clothing along with the blankets.
One side of the top sheet is carefully folded, placed by the
side of the patient, and then rolled up. The same procedure
is carried out on the other side. The patient can then be
rolled over onto the second clean sheet. The top sheet,
which now contains the contaminated clothing and blan-
kets, is folded at both ends to prevent venting of the radioac-
tive material when rolling up the contaminated clothing.
This clothing is then carefully placed in a polyethylene bag
and sealed. Footwear is removed by encasing each shoe in a
polyethylene bag and then pulling the shoe off. The contam-
inated shoe is then contained in the polythene bag.

The contents of the bag are then placed in another
polyethylene bag and labeled with the patient’s name, date
of birth, and the time the clothes and shoes were removed.
The contaminated clothing is immediately remo ved from
the emergency department to the designated contamina-
tion collection site outside the hospital. At a later stage,
the contaminated clothing will be assessed by health
physicists to determine the amount of contamination each
individual was subjected to and to aid in determining
what contribution to the total dose the patient received.

Patients who walk into the hospital should wear a mask
prior to and during the remo val of contaminated clothing
to prevent inhalation of airborne particles. A staff member
should aid the patient in carrying out this procedure. Once
the clothing has been removed from these patients, the pa-
tients should be surv eyed with the radiation instruments,
and any necessary biological samples should be then
taken from the patient. Typically these samples include
nasal swabs, nose “blows,” throat swabs, all urine, feces,
and a blood sample. 

Great care must be tak en with decontamination be-
cause significant amounts of fluid are required. It is v ery
easy to contaminate oneself by not follo wing the correct
procedures. In general, the priority is to decontaminate
wounds first and then to decontaminate the remaining
skin. To care for a wound, place a cover over the area, and
surround the wound with waterproof drapes. These drapes
must be taped do wn. The drapes should be arranged to
provide a run-off for the irrigation fluid into a collecting
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container, such as a polyethylene bag placed into a garbage
can. The initial count reading of the radiation instrument
is recorded. The wound is then irrigated with sterile saline
using a 50 cc syringe se veral times, ensuring that all the
washings are collected into the polyethylene bag. The drapes
around the w ound are remo ved and placed in the same
bag as the w ashings. The wound is then dried and moni-
tored again. It is important that the drapes be remo ved
prior to conducting these repeat measurements because
these drapes can cause f alse readings on the measuring
device. After irrigation, the radiation count of the w ound
should be reduced. This procedure may be repeated se v-
eral times until the w ound is completely free of contami-
nation. Ideally, the wound will be irrigated until the radia-
tion count has become equal to the background radiation.
However in some instances complete decontamination of
the wound cannot be achieved. Such cases require referral
for surgical debridement of the wound. 

If there is localized contamination of the skin adjacent
to the wound, then the same procedure is carried out with
respect to draping the area. Ho wever, one should apply
soapy swabs, working from the outside edge of the con-
taminated skin to the center. This procedure is usually re-
peated several times. A detailed procedure is described in
Chapter 16. 

All the w ashing fluid and material remo ved from the
wound are collected and sa ved for future analysis by the
health physicist to determine the dose recei ved to the tis-
sues of the w ound in order to determine if there will be
any long-term ef fects as a result of radiation e xposure
from the radioacti ve contamination. Sometimes lar ge
quantities of sterile normal saline are used to decontami-
nate a wound. It is critical that these procedures be carried
out meticulously so that the medical staf f do not become
contaminated.

SHOWERING 

In the current atmosphere of terrorism preparedness, many
hospitals are becoming prepared to perform sho wers on
large numbers of people. (See also Chapter 29.) In the ter-
rorist situation, the hospital could be faced with hundreds of
people requiring radioactive decontamination. If the hospi-
tal receives warning about an incident before the general
public becomes aware, then one option might be to use a
sports stadium or other lar ge venue that has both sho wers
and toilet facilities. The hospital will undoubtedly be inun-
dated with large numbers of indi viduals who suddenly ar-
rive, creating a difficult problem. Of course, it is not possi-
ble to produce sho wers immediately without adv anced
preparation. If such an irrigation system is not immediately
available, it may be necessary to transfer the patients to an-
other site that has these facilities.

Typically showers may be set up in a lar ge covered
parking area with plumbing. Both hot and cold w ater ter-
minals are required. Garden hoses and showerheads could
be attached to these terminals. One method of decontami-
nation involves the use of showers at two levels: high and
low. The lower level shower head is used to decontami-
nate only the hair on the head, while the higher shower is
used to decontaminate the whole body . The hair of the
head should be decontaminated f irst. This is achieved by

bending the patient o ver the improvised container, while
making sure to a void runoff of contaminated w ater onto
the rest of the body . If this is not done properly , runoff
may contaminate hair in the chest, axilla, and pubic re-
gion. Once the hair has been decontaminated, then the pa-
tient is placed under the sho wer. In colder climates, tem-
porary winter heating is used to prevent hypothermia. The
contaminated water should also be collected. Proper
screening should be pro vided to allow discreet lanes for
males and females. After decontamination, clean clothing
will be required for all patients. Protecti ve clothing is re-
quired for hospital personnel who assist patients with de-
contamination. This typically consists of w aterproof
clothing and boots together with a mask and splash visor
and a waterproof hood. Hospital staf f must also wear the
relevant dosimeters as discussed previously. 

In conclusion, personal protection against irradiation and
contamination involves the provision of protective clothing
and dosimeters to members of the staff, as well as the ability
to carry out decontamination procedures correctly . Staff
members should also be trained in the proper use of radia-
tion instruments and interpretation of the results. Ulti-
mately, this requires regular training and exercises.

Staff members will initially be very apprehensive about
treating irradiated or contaminated patients. With proper
training and preparation of the hospital f acilities, expo-
sures will be kept to very low, safe levels. However, if the
correct procedures are followed, the dose to the staf f will
be very minimal. International incidents in volving expo-
sure to radiation have illustrated this point. An example of
this was seen in an incident in Goiania, Brazil, where a
number of patients were heavily contaminated both exter-
nally and internally. Some of these patients also suf fered
from acute radiation syndrome and required treatment for
several months. In spite of this, the average dose received
by the medical support team was less than 1 rem (5 MSv)
radiation because of the proper attention to the procedures
described in this chapter. 
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SUMMARY

If faced with an irradiated or contaminated patient,
medical staff will be v ery apprehensive about
providing treatment because their medical training
did not co ver managing this type of patient. It is
essential that medical staf f be trained to deal with
these patients and at the same time kno w how to
protect themselves. After the medical staff has been
trained, their fear of treating patients who ha ve
been irradiated or contaminated will disappear .
Exercises on relevant procedures on a regular basis
should be carried out to reinforce and maintain
knowledge and skills. The training for doctors,
nurses, paramedics, and health physicists can be
obtained. One center that pro vides training on a
regular basis is the Radiation Emergency Assistance
Center/Training Site (REAC/TS). See the resources
section for more information.



RESOURCES

1. Radiation Emergency Assistance Center/Training Site
(REAC/TS) Web Address:
http://www.orau.gov/reacts/default.htm

QUESTIONS AND ANSWERS

1. Personal protection for incidents involving radioac-
tive materials should be integrated into an all-haz-
ards approach to disaster planning.   Important fea-
tures to include in such planning include all of the
following, EXCEPT:

A. Predetermination of hospital and emergency de-
partment layout and staffing for triage, decontami-
nation, and management of victims

B. Distribution of alpha-detectors and potassium io-
dide pills to all medical personnel before radiation
accidents

C. Proper training and availability of equipment for
use of personal protection

D. Knowledge of where expert advice can be ob-
tained over the telephone and the time interval it
would take for experts to arrive on request

E. Awareness of specialized centers in the area where
patients can be transferred if needed, and preexist-
ing written understandings with these institutions

2. What is the source of radiation?
A. Alpha and beta particles
B. Neutrons
C. Electromagnetic waves including gamma and x-

rays
D. A + C
E. A + B + C

3. Which of the following statements about alpha parti-
cles is FALSE?

A. Alpha particles, which produce dense ionization,
can only travel in air a centimeter or two and only
up to about 70 micrometers into tissue. 

B. The penetrating power of alpha particles is very
poor and can be stopped completely by a piece of
paper.

C. Since the outer layers of skin are dead and gener-
ally thicker than 70 micrometers, alpha particles
externally generally do not cause biological dam-
age.

D. If an alpha particle enters the body, it may be adja-
cent to live tissue and can cause serious biological
damage within that 70-micrometer track length.  

E. If a patient has been contaminated with alpha-con-
taining material, potassium iodide will completely
obliterate any adverse effects.

4. Which of the following statements about gamma rays
is FALSE?

A. A patient who has been irradiated by gamma radia-
tion is likely radioactive and is generally dangerous
to the medical staff.

B. Gamma rays, as with ordinary x-rays, penetrate
right through the body.  

C. Gamma radiation interacts with the biological tis-
sues and causes damage; therefore, it can produce
the acute radiation syndrome.

D. Shielding required for this gamma radiation re-
quires lead, concrete, or depleted uranium. 

E. Shielding attenuates gamma radiation, but does not
completely shield against it; however, the amount
of gamma radiation that penetrates the shield is so
small that it is of no biological significance.

ANSWERS
1: B. Distribution of alpha-detectors and potassium iodide pills to

all medical personnel before radiation accidents.
2: E. Alpha and beta particles, neutrons, and electromagnetic

waves including gamma rays and x-rays.
3: E. If a patient has been contaminated with alpha-containing

material, potassium iodide will completely obliterate any
adverse effects.

4: A. A patient who has been irradiated by gamma radiation is
likely radioactive and is generally dangerous to the med-
ical staff.
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Treatment of Radiation Exposure 
and Contamination
Keith Edsall and Daniel C. Keyes

Most physicians have little knowledge about treating
radiation injuries because the subject is not included
in the medical school curriculum. Radiation acci-

dents are not common e vents; however, a number have oc-
curred throughout the world in recent years. Se veral interna-
tional terrorist e vents have demonstrated the threat of
biological, chemical, and nuclear terrorism. Experts w orld-
wide agree that the possibility of a nuclear terrorist threat e x-
ists. Since the devastating attack on the World Trade Center in
New York, the sarin attack on the subway system in Japan, the
train bombings of Madrid, Spain, in 2004, and various other
terrorist bombings, concerns have now changed from “if ” to
“when” terrorists will attempt a nuclear attack of some sort. 

This chapter discusses how to diagnose, investigate, and
provide initial treatment with respect to irradiation and con-
tamination of patients. Ev ery specialty within the hospital
will be involved in one way or another with the treatment of
these patients. These include emergency physicians, hema-
tologists, pathologists, microbiologists, toxicologists, gen-
eral and plastic sur geons, dermatologists, nutritionists, and
intensive care specialists, to name but a few. There will also
be a requirement for nuclear , medical, and health physics
specialists such as those from REA C/TS (Radiation Emer-
gency Accident Center and Training Site) located in Oak
Ridge, Tennessee, to be involved. REAC/TS is one of the
World Health Or ganization–designated collaboration cen-
ters for support and advice in the e vent of a radiation acci-
dent. However, these specialists will take time to get to you,
with delays estimated at 12 to 24 hours depending on your
geographical location. Thus for the first few hours you will
be on your own. But you should plan to ha ve a direct com-
munication link with an or ganization such as REA C/TS,
which will be able to offer advice.

In the terrorist event you will not know what radioactive
isotope/isotopes you are dealing with initially , and this will
take time to identify. If a dispersal de vice using explosives
has been used, your facility could receive hundreds of wor-
ried people. Some of these indi viduals will be traumatized,
irradiated, and contaminated, some without trauma b ut ex-
posed to radiation, and some who are possibly contami-

nated. It may be assumed that the majority of people who
believe they have been irradiated or contaminated in actual
fact are not. With most disasters people tend to go straight to
the hospital and not w ait for emergency services to arri ve.
This has been well documented after man y major disasters
that have occurred around the w orld. If instead sealed
sources were strate gically placed or an isotope w as dis-
persed without the use of e xplosives, the patients w ould
likely arrive at different hospitals or medical facilities over a
period of time complaining of various ailments that initially
would not be attributed to irradiation. Therefore vigilance is
of prime importance, and radiation should be added to the
differential diagnosis.

ACUTE RADIATION SYNDROME

Before discussing acute radiation syndrome (ARS), the con-
cepts of both cell death and the LD 50 must be understood.
Cell death is defined as the stopping of cell division and not
the killing of the cell outright. Significant doses of radiation
can prevent cell division, whereas very high doses are re-
quired to kill the cell outright. Rapidly dividing cell popula-
tions within the body are very sensitive to radiation such as
the hematopoietic cell lines of the bone marro w and the ep-
ithelial cells lining the small intestine.

Our body senses cannot detect radiation, so we must rely
on instruments to measure an y exposure. Experiments were
carried out on animals in the late 1940s and early 1950s to
determine the acute dose of whole body exposure required to
kill 50% of the animals in a set period of time, usually 30
days, known as the LD 50/30. The dose required v aried from
animal species to species. In general, the smaller the animal,
the higher the LD 50/30. For example, the goat requires only
3.5 Gy (350 rads), whereas the frog must receive the higher
dose of 7 Gy (700 rads). Other factors influence the suscepti-
bility to radiation, including age, sex, genetic considerations,
health, and the nutritional status of the animals. With respect
to humans, very limited information is available to be certain



of the LD50. With information from accident data and results
from human studies on patients after the dropping of the
atomic bombs on Hiroshima and Nagasaki, the LD50 for hu-
mans is believed to be in the region of 2.5 to 4.5 Gys (250 to
450 rads). ARS in humans takes longer to express itself com-
pared to animal data and is closer to 60 days. Therefore in
humans we talk about the LD50/60, defined as the lethal dose
required to kill 50% of the population within 60 days.

To produce classical ARS, certain parameters are re-
quired. Of particular importance is the presence of a high
dose delivered very rapidly at a high dose rate. Also the ra-
diation must be penetrating, and it is usually the result of
whole body exposure. Note that the source of radiation is
not important. It is immaterial what the radioacti ve source
is, whether the source is from a reactor or from sealed or un-
sealed containers used in industry or medicine. If the dose is
high enough, it will produce the same biological damage.

ARS follows a set course, which will express itself within
hours to weeks depending on the level of dose received. The
syndrome can be divided into four phases: (a) the prodromal
phase, (b) the latent phase, (c) the illness phase, and (d) the
phase of final outcome, either recovery or death. ARS can be
expressed as injury to several major organ systems including
the hematopoietic, gastrointestinal, pulmonary, and finally
the cardiovascular and central nerv ous system (CVS/CNS)
syndrome. The expression of damage to these organ systems
depends on the dose recei ved. The hematopoietic syndrome
is seen within the dose range of 2 to 8 Gy (200 to 800 rads).
The gastrointestinal syndrome is seen in the dose range of 8
to 30 Gy (800 to 3,000 rads). The CVS/CNS syndrome is in
the range of 30 Gy (3,000 rads) and upward. Note that as the
dose increases, the survival time decreases. If untreated,
death from the hematopoietic syndrome will occur within 60
days. Death from the gastrointestinal syndrome will occur
within 1 to 2 weeks, and CVS/CNS syndrome death is the
most rapid, usually occurring within 48 hours (Table 16-1).

THE PRODROMAL PHASE

After exposure to radiation, several vague, nonspecific symp-
toms begin to occur , known as the prodromal phase. The
time to onset of the prodromal phase of signs and symptoms
can be from minutes to hours depending on the dose re-
ceived. Anorexia, vomiting, and diarrhea are the main symp-
toms and signs. The most important indicator of prognosis is
the time of onset of vomiting following irradiation. Vomiting
within 2 to 4 hours is an indication of a high dose of radia-
tion. Other signs and symptoms are the de velopment of
headache and a rise in core temperature. At doses belo w
1 Gy (100 rads) there are very few signs and symptoms, and

these patients can be sent home and followed up on an outpa-
tient basis. At doses of 1 to 2 Gy (100 to 200 rads), vomiting
will develop in a number of patients, and it is advisable to
admit these patients for observation. At doses in the range of
2 to 4 Gy (200 to 400 rads), vomiting is noted in the majority
of patients. This occurred within the f irst 2 to 8 hours. In
doses of 4 to 8 Gy (400 to 800 rads), vomiting occurs in only
2 hours. At doses above 8 Gy, vomiting is severe, starting
much earlier, within the first hour or so. 

POTENTIALLY MISLEADING
PRESENTATIONS

A word of caution is warranted from the experience of sev-
eral radiation accidents around the w orld. The prodromal
phase is sometimes misdiagnosed or not e ven seen. In sev-
eral cases the patients were thought to ha ve “food poison-
ing,” and it was only after a fall in the white cell count (lym-
phocytes, granulocytes, and platelets) that medical personnel
realized they were dealing with a radiation incident. An-
other lesson to be learned was from the Goiania accident in
Brazil, where out of the 112,000 people monitored, approxi-
mately 8,000, who had no radiation exposure presented with
either erythematous rashes or nausea or vomiting. Of course
these people were concerned that they, too, might have been
exposed (1).

THE LATENT PHASE

During the latent phase, the patient appears asymptomatic.
This phase typically lasts from 2 to 4 weeks. Ho wever, if the
dose received by the patient is very high, the latent phase can
be shortened. Occasionally, the patient goes directly into the
illness phase. During the latent phase, the patients are asymp-
tomatic; however, it is during this period that rapidly dividing
cell populations become depleted and patients be gin to de-
velop infections. These patients will usually require prophy-
lactic antibiotics, antiviral agents, and antifungal agents.

THE ILLNESS PHASE

The illness phase is expressed by the damage to the specific
organ system and depends on the level of whole body expo-
sure dose received by the patient. Great strides ha ve been
made toward treatment of the hematological system, but un-
fortunately this is not the case for the “full-blown” gastroin-
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TABLE 16-1  Characteristics Features of Clinical Syndromes Resulting from Radiation Exposure

SYNDROME KEY CHARACTERISTICS DOSE RANGE USUAL TIME TO DEATH 

CVS/CNS Cardiovascular and brain failure 30 Gy (3,000 rads) 48 hours
Gastrointestinal Small intestine failure l8 to 30 Gy (800 to 3,000 rads) 1 to 2 weeks
Hematopoetic Bone marrow failure 2 to 8 Gy (200 to 800 rads) 60 days



testinal syndrome or the CVS/CNS syndrome. For the latter
two, at present no treatment is available that can confidently
bring about a full recovery.

DEFINITIVE OUTCOME: 
THE PHASE OF RECOVERY OR DEATH

Recovery of these patients can tak e weeks to months and
follow-up will be required for the rest of their lives. 

ASSESSING AN IRRADIATED CASUALTY

When assessing a casualty from a terrorist e vent, a number
of distinct scenarios are possible. The patient could have in-
juries resulting from the use of e xplosives. The patient may
have received whole body or partial body irradiation, and
the patient may be externally or internally contaminated.
Various combinations of these may occur together in a sin-
gle patient. The time interv al between when patients re-
ceived the dose to when the y develop signs and symptoms
could range from a few days up to 3 weeks.

Remember that the irradiated patient is not a “medical
emergency.” No immediate intervention will make a differ-
ence to the survi val of the patient. When caring for a trau-
matized irradiated patient, your first priority is to stabilize
the patient for the trauma, not radiation. After the patient
has been stabilized, proceed to focus on the problems of ir-
radiation and contamination. Note that radiological contam-
ination differs from chemical decontamination, where early
decontamination is the rule. This is because with radiation
exposures, the causative agent can be detected immediately
with instrumentation. Also, staff members are wearing pro-
tective clothing with dosimeters. It is therefore possible to
monitor them and have them rotate into or out of the en vi-
ronment if needed. Hence, with respect to radiation, it is
often said, “You will be thanked for a live contaminated pa-
tient; however, you will not be thanked for a clean corpse.”

IMPORTANT CLUES FROM 
THE PATIENT’S HISTORY

Several important variables may be obtained from simply talk-
ing to the awake and oriented patient. For example, did the pa-
tient develop nausea, vomiting, and diarrhea recently? What
time did the symptoms start, how long did they last, and was it
diagnosed as food poisoning? Did the patient recei ve any
treatment for the vomiting? Other important information may
be obtained by directed questions. Were any other people in-
volved? Was the patient aware of where he or she was on that
particular day? If the patient noticed skin redness, when and
where did it occur? Did it disappear, has it reoccurred, and are
there any areas of dry peeling or blistering of the skin?

The past medical history of the patient is also important. Ask
if there is an y history of renal disease, for example, because
most interventional drugs used for remo val of internal radioac-
tive contamination are excreted through the kidneys. Has the pa-

tient had any nuclear medicine procedures with radioactive iso-
topes? If so, when were these performed? There has been the
odd case where it w as believed the patient w as contaminated
with radiation, only to learn later the patient had a recent nuclear
medicine procedure. Inquire about the f amily medical history,
and then carry out a full medical e xamination. If anything sug-
gests radiation injury, photograph the involved site (2).

BIOLOGICAL SAMPLING: 
LABORATORY TESTS FOR PATIENTS
WITH ACUTE RADIATION EXPOSURES

BLOOD

1. Obtain a complete blood count and white cell differen-
tial. Repeat every 4 to 6 hours, especially monitoring the
lymphocyte count. By plotting the lymphocyte curve and
comparing it to the Andrews lymphocyte curves, you can
predict the prognosis and clinical course of the patient
(3,4) (Fig. 16-1).

2. Obtain a full hospital biochemical laboratory screening as
baseline information.

3. If you believe you are dealing with a criticality incident with
the possibility of exposure to neutrons, send blood sample for
identification of radioactive sodium. Natural body sodium 23
(Na23) has the affinity of absorbing neutrons, changing it into
radioactive Na24, which is a beta and gamma emitter. Na24
has a half-life of approximately 15 hours.

4. Take a blood sample for cytogenetic analysis, and send it to
a designated laboratory capable of doing chromosome
analysis. They will be looking for “dicentric malforma-
tions” in the chromosomes. The dose to the patient (up to
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10 Gy) can be determined. The lower limit of detection is
in the region of 150 to 200 mGy (15 to 20 rads). Lympho-
cytes are required for this analysis. The lymphocytes are
made to divide, fixed in metaphase, and the dicentric le-
sions are counted. The results of this laboratory test will
not be available for a few days. Bender first proposed the
use of dicentrics as a biological marker of radiation injury
(5). However, some limitations exist with the interpretation
of these results (6).

5. Take a blood sample for full human leukocyte antigen
(HLA) typing. Also ABO blood typing and Rh blood
grouping should be performed in case the patient requires
blood transfusions or stem cell transplantation later.

6. For patients with potential or confirmed internal contamina-
tion, several samples are required. Save urine and fecal sam-
ples. Fecal samples are very important with respect to intake
of insoluble radioactive isotopes located in the lungs or gas-
trointestinal tract. Fecal samples are often very difficult to
obtain, especially in those individuals who are treated as out-
patients. Stress the importance of these samples to the pa-
tients. Biological models used by the health physicist can
determine the body burden of the relevant organ by the ra-
dioactive isotope involved using these samples.

7. Take a nasal swab specimen from each nostril, recording
the time the swabs were taken and also the time the patient
was removed from the radiation environment. Approxi-
mately 5% of the total radioactive material is held in the
nares in the 1.5 hours after exposure. After this time, there
tends to be clearance from the nose. Hence if you obtain a
low reading from the nasal swabs more than 1.5 hours fol-
lowing exposure, this reading could represent a falsely low
reading. The patient may have inhaled a significant amount
of radioactivity (7). Be sure to record the time the swab
samples were taken following exposure.

8. Other nonbiological samples to be taken are from the cloth-
ing and wound dressings of the patient. These should be
sent to a nuclear laboratory to identify the isotopes you are
dealing with, if you are dealing with a contamination.
However, with the instrumentation used in your clinical
setting, only the types of radiation produced are detected,
not the actual isotopes. You may also take samples from
metal objects such as jewelry and even the patient’s med-
ication. In the early 1980s, a radiation accident occurred in
Norway. In this case, the health physics specialists at the
time were able to calculate the dose to the patient by meas-
uring the dose received to his angina medication (nitro-
glycerine tablets). This was achieved by using a technique
known as electron spin resonance dosimetry (8).

ASSESSING THE PATIENT

The key blood test to monitor is the white cell dif ferential
count, which should be obtained every 4 to 6 hours for the first
24 to 48 hours. You may then display your results graphically
and determine the prognosis of the patient.

An indication of the dose the patient has recei ved can be
estimated from the time of onset of v omiting initially, as al-
ready mentioned. The major problem is the time the patient
presents to you after irradiation. Immediately following the ra-

diation exposure, there will be a rise in granulocytes, which is
considered the trauma steroid response (“demargination”), fol-
lowed shortly by a fall in the lymphocyte count. The lympho-
cyte cell line is very sensitive to irradiation. As described ear-
lier, the Andrews lymphocyte curves can give an indication of
the severity of the ef fect of irradiation on the hematopoietic
system (9).

The Andrews nomogram gives a useful indication of the
prognosis with respect to the patient. At very high dose ranges,
the lymphocyte pool can be completely depleted within a 24-
to 48-hour period. Therefore if the patient arrives for medical
assessment more than 48 hours after the e xposure and has re-
ceived a significant high dose of irradiation, the patient will
have no lymphocytes for the dicentric chromosomal analysis
mentioned earlier (Fig. 16-2).

When one follows the general trend of the fate of the gran-
ulocytes, the nadir (lowest point) usually occurs at around 20
to 30 days after the e xposure, with recovery taking place at
around 30 to 40 days, depending on the dose of radiation re-
ceived. At very high doses, one can expect no recovery at all.
In the dose range of 2 to 4 Gy (200 to 400 rads),one might see
an “abortive attempt” of granulocyte recovery. This may mis-
lead the clinician into thinking the patient is reco vering. The
platelets are also v ery sensitive to irradiation, and their nadir
tends to be slightly later than the granuloc ytes. The conse-
quences of failure of these three cell lines will f inally lead to
severe infection and hemorrhage if not properly treated.

SPECIFIC TREATMENT 
FOR RADIATION INJURY

Treatment of radiation exposure depends largely on the organ
systems involved and the e xtent of exposure. Among those
who survive trauma and the initial phase of radiation sick-
ness, the hematopoietic system is the most important focus
of treatment in these patients.

Treatment of the hematopoietic syndrome is quite a so-
phisticated undertaking, often involving the use of cytokines,
peripheral blood stem cells, platelet growth factors, platelet
transfusions, cord blood stem cells, and bone marrow trans-
plants. These approaches have sometimes been successful in
supporting the patient during the hematopoietic crisis. Treat-
ment in a number of cases was given in the nadir phase of the
syndrome because the radiation accident w as not identified
until the latter part of the latent phase. The consensus now is
to give cytokine treatment as soon as possible if the dose re-
ceived was high enough to severely affect the stem cell lines.

CYTOKINES IN THE TREATMENT 
OF THE HEMATOPOIETIC SYNDROME

A specific class of drugs used to stimulate the bone marro w
stem cells is the cytokines. These include granulocyte colony
stimulating factor (G-CSF filgrastim) and granulocyte macro-
phage colony stimulating f actor (GM-CSF sar gramostim).
The current drug of choice is G-CMF because it has fe wer
side effects. However, it tends to delay the reco very of
platelets, and platelet transfusions are generally required.
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bilical cord of the placenta at the time a baby is delivered. The
cord blood is screened at the time of collection to rule out in-
fectious diseases and then HLA typed. It is stored in liquid ni-
trogen. Umbilical cord blood has been used to treat a number
of genetic and malignant diseases in children; a single collec-
tion would be suf ficient to treat a child. So f ar cord blood
transplants have been associated with reduced graft v ersus
host disease (GVHD). In fact, in some cases full HLA typing
was not achie ved where cord blood stem cells were used.
Very little is kno wn about treating the adult in the accident
situation. Umbilical cord blood transplant w as used to treat
one of the patients in the Tokaimura accident in Japan.

An excellent discussion about the management of hematolog-
ical cell transplantation has been published (12,13). It has shown
experimentally that cord blood cells can be obtained from deli v-
ery wards; matched for HLA, ABO, and Rh; and stored at nor-
mal blood storing temperatures of 4°C. Using this technique,
cells were viable for another 10 to 21 days using gas permeable
bags perfused with oxygen (14). This resulted in a reduction in
the T-cell lymphocytes at a later stage. Hence it may be useful to
consider this approach during radiation emergencies. 

The major problem of HLA mismatch is it can cause GVHD.
In this condition, the implanted blood progenitor cells react
against the patient in whom the y were implanted. Cord blood
cells may have fewer problems with GVHD. It is known, for ex-
ample, that some children treated for cancer with cord blood
stem cells without full HLA typing did very well. The numbers
of cord blood stem cells required for an adult in an emer gency
are not known; however, it is known that there are more stem
cells per milliliter of cord blood compared to bone marrow. The
concept of using cord blood in an emergency in the future is that
these cells will be harv ested at the time of each indi vidual’s
birth. They are then stored in case the y are needed at some fu-
ture time. There is no invasive painful harvesting procedure as
there is in bone marro w harvesting. Usually patients who re-
quire transplant receive their transplants within 3 to 5 days (15). 

Platelet growth factors, thrombopoietin (TPO), and mega-
karyocyte growth and de velopment factor (MGDF) are other
modalities currently under in vestigation for the stimulation of
platelet production to prevent hemorrhage (15). Before the intro-
duction of these growth factors, the only treatment available was
platelet transfusion. TPO administered immediately postirradia-
tion is recommended by most specialists; ho wever, it has not al-
ways been successful, and further research is required to def ine
its role fully in treating victims of radiation illness.

TREATMENT OF THE
GASTROINTESTINAL SYNDROME 
AND CVS/CNS SYNDROME

There is currently no treatment for full reco very for either of
these syndromes. If a high le vel of radiation e xposure oc-
curred, the gastrointestinal syndrome will ensue and patients
will suffer from vomiting and diarrhea. Sometimes the diar-
rhea will be bloody and e xplosive. Injury from irradiation is
mostly confined to the lining of the small intestine, especially
the villi and crypts. This results in shrinkage, ulceration,
bleeding and sloughing of the internal lining, and loss of func-
tion. The inner lining loses its inte grity, resulting in loss of
electrolytes and important fluid loss. Also there is invasion by
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Figure 16–2. Damage to white blood cell lines over time.

When using G-CSF, platelet recovery ensues only after admin-
istration is stopped. In various accidents around the world, both
G-CSF and GM-CSF ha ve been used. GM-CSF w as used in
Goiania (3) where the patients were in the nadir phase. This re-
sulted in recovery of some patients, but for those who did not
survive it was believed no stem cells were left for the cytokines
to act on. In the case of the Soreq accident in Israel, the patient
was given GM-CSF within the first 24 hours and also received
a bone marrow transplant 4 days follo wing the accident (10).
This was the first patient to receive the cytokine within the first
24 hours. Unfortunately, the patient succumbed to pneumonia
and multiorgan failure and died approximately a month later.

Peripheral blood progenitor cells (PBPC) have also been used
to treat the hematopoietic syndrome. Approximately 10% of pe-
ripheral blood is made up of these progenitor cells. These may be
obtained by apherisis and e xpanded by cytokines in vitro and
then transferred back into the patient (11).

One newer technique in volves the use of hematopoietic
cord blood cells (stem cells). These are obtained from the um-



bacteria or bacterial toxins through this defecti ve barrier. This
usually leads to infection, septicemia, and death. 

Vomiting can be treated with odansetron, a 5-HT3 receptor
antagonist (16). The commonly recommended practice is to
“sterilize” the intestines by using prophylactic antibiotics.
Treatment of these syndromes is being in vestigated, but cur-
rently there are not many satisfactory alternatives.

LOCAL INJURIES

Local injuries, including trauma and radiation skin injuries,
are very important. If the patient is suf fering with the acute
radiation syndrome and trauma, there is only a 24- to 48-hour
window of opportunity a vailable to operate. After this time,
patients typically de velop the hematological syndrome and
become immunocompromised. Patients who receive surgery
during this time are prone to develop serious infections, often
leading to death. If this window of opportunity is missed, sur-
gery must be delayed until reco very of the bone marro w has
taken place. Note that for patients with both trauma and irra-
diation, the dangers are far greater than with irradiation alone.

Skin injuries can re veal a probable dose that the patient
has received to the particular part of the body. The clinical ex-
pression of skin injuries can be di vided into epilation, ery-
thema, dry desquamation, wet desquamation, and finally
necrosis. These are deterministic ef fects, in that there is a
threshold dose for each one of these.

Epilation is the loss of body hair . The dose required to
produce this is 3 Gy (300 rads). It usually takes 2 to 3 weeks
to fully develop, and it is important to e xamine the whole
body, especially arms and legs and chest. If a lesion is pres-
ent, it is useful to take photographs. 

Erythema is manifested at v arious times depending on the
dose. If a part of the body is exposed to 3 Gy, the erythema takes
3 weeks to occur. At a dose of 6 Gy, the erythema will occur in
only 24 to 48 hours. It then tends to disappear and reoccurs a
few days later. Therefore the patient must be checked on a regu-
lar basis in the initial phase and serial photographs should be
taken of the injury. Erythema that occurs minutes after exposure
may be due to the chemical nature of the radioactive isotope and
does not necessarily have any prognostic significance.

Dry desquamation is a dryness or peeling of the skin simi-
lar to that seen with sunb urn without blisters. The dose re-
quired to produce this ef fect is 10 Gy (1,000 rads), and the
time to expression is 2 to 4 weeks. Moist desquamation can
present with small blisters, and as the dose increases these can
coalesce into large blisters. The dose range for this lesion is
from 15 to 25 Gy, and the expression of these injuries occurs
after about 2 to 8 weeks depending on dose. Finally necrosis
of the skin results with doses above 50 Gy (5,000 rads), occur-
ring from days to weeks. By e xamining these types of injury
one is able to achie ve a rough assessment of the dose the pa-
tient has received to that particular part of the body.

CONTAMINATION

Contamination can be di vided into e xternal and internal,
and both of these can occur at the same time. The radioac-

tive material can either be in a gas, liquid, or solid form and
can therefore contaminate a victim in several ways. 

External contamination is most often the result of ra-
dioactive material being released into the atmosphere (“fall-
out”). The fallout settles on indi viduals or populations
within a limited region. Since 90% of one’s body is covered
with clothing, simply by remo ving the clothing carefully
one can eliminate 85% to 90% of the contamination. The re-
maining exposed parts include the head (hair , face, neck)
and hands, providing there has been no damage to the cloth-
ing. Simply shampooing the hair a fe w times will result in
effective decontamination of the hair. If the patient is ambu-
latory, the hair can be w ashed in the barber position o ver a
sink. If you are f aced with the situation where radioacti ve
material can still be detected after se veral washings, cut off
the hair with scissors. Ne ver use a razor to sha ve the head
because this can produce small cuts and pro vide a pathway
for internal contamination. Ho wever, it is very uncommon
for hair removal to be necessary. Ideally one should collect
the contaminated water by disconnecting the w aste pipe of
the sink and allo wing the w ater to drain into a container .
This simple technique may not be practical if a lar ge num-
ber of people must be decontaminated. The face, eyes, ears,
and nostrils also require irrigation and decontamination. 

For skin decontamination, simple washing with soap and
water is usually all that is necessary. The technique involves
washing from the outside toward the center, and it may have
to be repeated many times. The goal is to detect a decrease
in the instrument count after every wash. Acceptable decon-
tamination can be defined as a decrease in radiation instru-
ment count to no more than twice the background le vel. If
this simple procedure is unsuccessful, use light abrasi ve
techniques such as the use of cosmetic puf f pads or a mild
abrasive paste such as ground corn with w ashing powder.
Diluted bleach has also been used, but it is not suitable for
use on the face. If the skin becomes red, stop the procedure. 

Another method used is known as the “sweat technique.”
Place a gauze pad over the contaminated area. Cover the site
with polythene that is taped do wn and left in position for 4
to 6 hours. Remo ve the dressing and w ash the area again.
Note that these sweat dressings are not to be left on
overnight. The final method is using a gauze dressing or a
cotton glove and changing the dressings daily . The basis of
this procedure is that 13% of epithelial skin is shed daily.

It is sometimes possible to make the isotope more soluble
and thereby simplify its removal. In the Goiania, Brazil, inci-
dent, acetic acid solution was successfully used to decontami-
nate Cesium 137 from the skin (17). In the past it was consid-
ered acceptable to use potassium permanganate as a stripping
agent for the outer layers of skin, but this is no longer utilized
because of the strong oxidizing character of this agent.

INTERNAL CONTAMINATION

The three major routes by which internal contamination can
occur are inhalation, ingestion, and through a wound. In un-
usual cases, absorption of the radioacti ve isotope can also
occur through the intact skin, as with radioactive isotope tri-
tium. The water form of this isotope can be absorbed
through the intact skin.
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When the information becomes available, it is helpful to
be aware of the characteristics of each isotope in volved in
the radiation incident. Knowing what isotope you are deal-
ing with gives an indication of what the target organ is likely
to be. Examples include radioacti ve iron, which principally
affects the bone marro w and the li ver. Radioactive iodine
131 targets the thyroid gland. Hea vy metals such as pluto-
nium exert their effect principally on bone and liver. 

The physical form of the isotope is also important
whether it is in gaseous, liquid, or solid form. In the case of
tritium, the radioactive isotope can either be in gaseous or
liquid phase. The target organ in this case depends on the
solubility of the isotope. Tritium in the gaseous form is in-
soluble, and the tar get organ is only the lungs. Tritiated
water is soluble and the whole body would be irradiated. 

Another important factor is the half-life of the isotope. De-
pending on the isotope, this can range from seconds to thou-
sands of years. The definition of the physical half-life is the
time it takes the radioactive isotope to decay to half its v alue.
Ten half-lives are considered to be the time for the isotope to
decay completely. The biological half-life is the time for half
of the isotope to be e xcreted from the body. The combination
of the physical and biological half-li ves is called the effective
half-life and can be derived by using the following formula:

Effective half-life = biological half-life × physical half-life
biological half-life + physical half-life

If the isotope of concern is insoluble, the injury is limited to
the organ of entry. Examples of tar get organs affected in this
way include the lungs (inhalation), gastrointestinal tract (inges-
tion), or direct absorption across w ounds. The most common
site of injury for these insoluble isotopes is the lungs, resulting
from inhalation of contaminated air. Taking nasal swabs within
the 1.5 hours will give an indication of the lung burden the pa-
tient has received. Approximately 5% of the intake is contained
within the anterior nares during this time period. The particle
size of an inhaled isotope is also important to determine. How-
ever, this information will not be available until some time after
the event. Particles between 1 and 10 microns tend to get
trapped in the terminal bronchioles, which are not lined with
ciliated epithelium. Lar ger particles are transported up the
bronchial tree with the aid of the ciliated epithelium,which acts
as an escalator. When these particles reach the back of the tra-
chea, they are either e xpelled by coughing or sw allowed,
thereby contaminating the gastrointestinal tract. Collect all
fecal samples. This measurement of contamination in fecal
samples allows the nuclear health physicist to calculate the
lung burden. When patients have received a very large intake of
radioactive material into their lungs, especially isotopes with
very long half-lives, medication is required to aid e xcretion of
these isotopes. If this f ails, broncheoalveolar lavage may be
considered. The procedure consists of w ashing out the lungs
with isotonic saline under a general anesthetic. The washing
procedure is repeated se veral times, and an estimated 25% to
50% of the intake can be removed by this method (18).

CONTAMINATED WOUNDS

Wounds contaminated with radioacti ve material resulting
from trauma must be treated after stabilization of the patient

and before decontamination of the skin. Copious irrigation
of the wound with normal saline is required. Surround the
wound with w aterproof drapes and sa ve all w ashings for
analysis at a later stage. The wound may require several irri-
gations. After each irrigation, monitor the wound with a ra-
diation instrument. If the count from the instrument is still
decreasing, continue irrigating. The goal is to arri ve at less
than twice the background le vels of radiation. If after se v-
eral washings of the w ound decontamination has not been
achieved, refer the patient for sur gical debridement. Surgi-
cal debridement of w ounds requires consideration of func-
tion and cosmetic result. Surgical management of the irradi-
ated, traumatized patient has been described in the medical
literature (19). 

TREATMENT OF INTERNAL
CONTAMINATION

Several drugs can be used to aid excretion of radioactive iso-
topes, but some of these ha ve limiting side ef fects and are
only used in an emergency. A detailed account of drugs used
for various isotopes can be found in the NCRP Report No.
65 (20). A few examples follow.

Cesium 137 (Cs137) was the major isotope of concern in
the Goiania, Brazil, accident, and it w as also one of the
major isotopes released in the Chernobyl accident. Cesium is
a beta gamma emitter with a physical half-life of 36 years
and an effective half-life of approximately 40 days. Its chem-
ical properties are similar to those of potassium. Prussian
blue (ferric ferrocyanate) has been used for treating exposure
to this isotope. The first time this drug w as reported was in
Goiania (21). Because Cs is in the same group as potassium
in the periodic table, it was assumed Cs would act similarly
to potassium and be excreted with the aid of diuretics. How-
ever, this was not the case. As a result, Prussian blue was in-
troduced, and it was found that Cs137 was excreted at a ratio
of 4:1 via the fecal pathw ay, compared to urine. It w as
thought that Prussian blue works via a mechanism of entero-
hepatic circulation. This drug was given orally to patients,
who received doses from 3 to 20 grams a day . However,
some patients could not tolerate these high doses of the drug
due to the side ef fect of gastritis. These effects improved
upon reduction of dose. There were some cases of long-term
gastritis, with improvement after 18 to 24 months. Gas-
troscopy and gastric biopsies were carried out o ver this pe-
riod of time and showed no pathological lesions.

Tritium, the third isotope of hydrogen, comes in tw o
main forms: tritiated gas, which is insoluble, and tritiated
water, which is soluble. It has a physical half-life of 12.6
years and an ef fective half-life of 12 days, giving off low
beta radiations.

Virtually all of tritiated gas is exhaled directly to the at-
mosphere. Therefore in this situation it is especially impor-
tant to evacuate the building and open all windows, thereby
allowing the tritiated gas to escape. In the case of tritiated
water, the tritium is in the soluble form and ends up in the
water pool of the body. The treatment of choice here is copi-
ous fluid, 4 to 5 liters a day , to exchange the pool of body
water. Enhancing fluid intake in this manner reduces the ef-
fective half-life of tritium from 12 days to about 4 days.
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Many other important isotopes are not discussed here,
such as iodine-131, cobalt-60, strontium-90, plutonium-
239, and uranium-235. Many of these have specific forms of
supplementary treatment (20). 

LOGISTICS INVOLVED IN TREATING
RADIATION INCIDENTS

In an incident involving radioactivity, you might be dealing
with a few exposed individuals from a limited e xposure or
thousands of patients. In the latter case, large numbers of in-
dividuals require testing to rule out radiation injury or con-
tamination, even though perhaps only a small number will
have suffered actual exposures. Many individuals in these
situations are frightened about the consequences of e xpo-
sure regardless of whether they are actually injured or not. It
is best to plan for the a vailability of counseling for people
who are concerned about a possible e xposure. Ideally, sup-
port centers should be set up away from the accident site or
hospital. A typical team w ould be staffed with a team that
includes a physician knowledgeable about radiation health,
a health physicist, a psychiatrist and/or a psychologist, and a
radiation safety officer with instrumentation.

Finally, medical staff must be fully trained to deal with
irradiated contaminated casualties and regular exercises car-
ried out to maintain the individual and team skills.

PSYCHOLOGICAL CONSIDERATIONS

The patient will be understandably worried about the conse-
quences of irradiation. Most people relate to Hiroshima and
Nagasaki. It is important to explain to the patient what radi-
ation is and how it affects an individual. These patients must
be supported through their stress and be advised and sup-
ported by a team as just described.

DEALING WITH FATALITIES AND
PASTORAL SUPPORT

Not many people give thought to the proper disposition of
bodies in radiation incidents until it is upon them. It is im-
portant to plan for temporary mortuary facilities. Generally,
you do not want to use the hospital mortuary because it puts
the Pathology Department out of action. The ideal tempo-
rary mortuary facility to use is a mobile chilling unit such as
those used to transport food. Note that the goal of such a
chilling unit is not to freeze the remains because this will
destroy some of the forensic evidence.

Another important f actor is religious considerations. In
cases where contamination with radioactive materials exists,
the bodies may not be cremated unless the y are first decon-
taminated. Religious practices for dealing with the death of
a family member vary. Arrangements should e xist to pro-
vide special dispensation for the religion of concern,
thereby reducing as much stress as possible to the relatives.

RESOURCE

Radiation Emergency Assistance Center/Training Site 
(REAC/TS). Web site: http://www.orau.gov/reacts/default.htm.

QUESTIONS AND ANSWERS

1. Acute radiation syndrome (ARS) follows a set course,
which will express itself within hours to weeks 
depending on the level of dose received. ARS can be
divided into each of the following phases, EXCEPT:

A. The prodromal phase 
B. The precipitant phase
C. The latent phase 
D. The illness phase 
E. The phase of final outcome, either recovery or death

2. Laboratory tests that should be initiated for patients
with acute radiation exposures include each of the 
following, EXCEPT:
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SUMMARY

The treatment of irradiated contaminated patient de-
pends on the dose the patient has recei ved, whether it
is whole body or partial body e xposure or a com-
bination of both, and to this can be added the problem
of internal or external contamination.

Signs and symptoms are v ery limited initially, but
one can determine the probable outcome. At very high
doses it can be determined whether the indi vidual
is developing the classic radiation syndromes. As
stated, for the full-blo wn gastrointestinal syndrome
and the CVS/CNS syndrome, there is at present no
treatment to aid in patient reco very. However, with
respect to the hematopoietic syndrome, significant
advances have been made. 

When dealing with these patients, every specialty
within the hospital will be in volved. Also radiation
specialists will be in volved; however, these people
will not be available immediately, but advice initially
can be obtained by telephone until the radiation
specialists arrive to support the relevant hospital staff
concerned.

The Radiation Emergency Assistance Center/Train-
ing Site (REAC/TS) is a good resource for radiation
expertise. This organization, which is part of the U.S.
Department of Ener gy response netw ork, makes
available medical experts, radiobiologists, and health
physics experts. It has responded to se veral major
radiation accidents and also pro vides training for
doctors, nurses, and health physicists in the treatment
and managing of irradiated/contaminated casualties,
treatment capabilities, and consultant assistance on a
24-hour basis.

http://www.orau.gov/reacts/default.htm


A. T3 resin uptake
B. Complete blood count
C. Blood sample for cytogenetic analysis
D. Human leukocyte antigen (HLA) typing
E. Full hospital biochemical laboratory screening

3. Approaches that have sometimes been successful in
supporting the patient during a radiation-induced
hematopoietic crisis include:

A. Cytokines
B. Platelet transfusions
C. Bone marrow transplants
D. A + B
E. A + B + C

4. Routes by which internal radiation contamination can
occur include all of the following, EXCEPT:

A. Inhalation 
B. Ingestion 
C. Through a wound
D. Occasional absorption of radioactive isotope

through intact skin
E. Bony absorption through carious teeth

ANSWERS
1: B. The precipitant phase
2: A. T3 resin uptake
3: E. A + B + C
4: E. Bony absorption through carious teeth
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The author T. S. Elliot once said, “Give me a handful of
dust, and I will show you true fear.” He was referring
to radioactive contamination.

The nuclear threat is an invisible threat and the biological
effects that occur depend on the dose recei ved and the dose
rate. To produce acute radiation syndrome (Chapter 16), the
radiation must be penetrating, and the whole body must be
exposed to the radiation. The expression of these biological
effects may be delayed for hours, days, or even years. Risk to
the individual depends on the route of exposure and the type
of radiation produced. Two important methods of e xposure
are discussed in this chapter: the “dirty bomb” and a hidden
radiation source.

A radiation dispersal de vice (RDD) is essentially the
combination of a conventional explosive and radioactive ma-
terial. In an RDD, the explosion spreads the radioactive ma-
terial, but there is no nuclear detonation. This might be simi-
lar to an actual nuclear bomb that f ails to cause a nuclear
detonation, but scatters radioactive material when the con-
ventional explosives in the weapon explode. Individuals who
are near the device might be injured or killed by the e xplo-
sion, and the radioactive material would be scattered causing
additional injuries, contamination of the survi vors, emer-
gency personnel, and area. A recent article in Time magazine
reports that Osama Bin Laden has threatened to use the so-
called dirty bomb and notes that U.S. of ficials even raise the
possibility of Al Qaeda trying to acquire nuclear weapons,
allegedly from Pakistan (1). It is thought that Al Qaeda has
attracted sympathetic individuals from among Pakistan’s nu-
clear scientists. The Time article states, “In the past eight
years, 175 cases have been recorded w orldwide of nuclear
materials (not bombs) being smuggled out of former So viet
territories and other countries.” In addition, the threat of this
actually happening in the United States has risen since a U.S.
citizen was arrested for allegedly working with Al Qaeda to
detonate an RDD within the United States. Weapons-grade
nuclear material could also come from the loss of the small
nuclear bombs during the breakup of the Soviet Union (2).

There have been several recorded incidences of theft of
weapons-grade materials including plutonium and enriched
uranium-235. In 1993 at the shipyard in Murmansk, parts of
nuclear fuel assemblies were stolen. In October 1993,police
in Istanbul seized 2.5 kilograms of uranium-238. In Prague,
2.7 kilograms of highly enriched uranium-235 w as seized.
In the early 1990s, several incidences in German y with re-
spect to smuggling both real and f ake nuclear material oc-
curred, and at that time the frequenc y of such cases ap-
peared to be increasing (3,4).

INJURIES DUE TO BLAST EFFECTS

Injuries may be dif ferentiated between those caused by a
conventional blast and those resulting from radiation e xpo-
sure. One of the authors had a personal e xperience that
demonstrated some of the concerns of a potential radioac-
tive dispersion associated with an explosive event.

Basic characteristics of blast injuries will be introduced
here, but they are present in greater detail in Chapter 20. 

Blast effects will depend on the amount of explosive used
in the device. The blast injuries depend on the magnitude of
the explosive charge and how close the victims are to the
blast. There are se veral explosive properties to be consid-
ered. Primary blast injuries are those that occur when the
blast wave travels through the body causing damage to the
organs and tissues that ha ve air and fluid interf aces, in con-
tact with each other , such as in the lungs. When the blast
wave goes through the body , the fluid is noncompressible
and it is thrown or pulled into the less dense tissue. In such
cases, when the blast wave goes through the chest, blood is
forced into the air cells of the lungs causing additional hem-
orrhage. As the blast w ave goes through the lung, more
blood is “pulled” into the lung tissue and more hemorrhage
results. Tearing of the lung tissue also results in air and blood
vessels being in contact, and potential air embolism can
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result. The patient can clinically ha ve difficulty breathing,
tachycardia, hypoxia, chest pain, altered mental status, and
anxiety. The patient may ha ve a syncopal episode (loss of
consciousness) as well as anxiety . These patients are at risk
for air embolism (air in the blood vessels) or a pneumothorax
(free air in the pleural ca vity). All these injuries can be seri-
ous and/or life threatening. Secondary blast injuries are
those injuries caused by flying debris from the blast. De-
pending on the size of the blast, glass and shrapnel can pene-
trate the body causing major w ounds and fractures. The re-
sult is that the trauma is applied directly to the body and
traumatized tissue. Suicide bombings frequently include
shrapnel, and these materials can contribute greatly to injury
and death. Tertiary blast injuries result from the victim being
thrown by the blast force against stationary objects. It is
thought that the majority of injuries from the Oklahoma City
terrorist event were due to secondary and tertiary blast in-
juries (5,6). In addition to long bone fractures and some
complete amputations, skull fractures were common, and 17
children had open brain trauma. Miscellaneous blast ef fects,
such as burn, inhalation of gases, and other types of trauma,
may also occur. Falling structures may induce crush injuries,
which are discussed in Chapter 21. These patients will need
appropriate trauma and burn care.

INJURIES DUE TO RADIOLOGICAL
EFFECTS 

Radiological effects from an e xplosive device will be de-
pendent on the amount and type of the radioactive source(s)
used. The radioactive exposure will depend on the type of
radioactive source, how large it was, how close the victims
were to it, and how long the victims were exposed to it. 

SOURCES OF RADIATION USE IN
RADIATION DISPERSAL DEVICES

Numerous sources of radioactive material are in normal use
today. In the medical f ield, radioactive isotopes are used in
the treatment of cancer modalities and include cesium-37,
cobalt-60, and iridium-192. Nuclear medicine departments
use certain radioactive tracer elements for investigations. In
industry, radioactive isotopes are used for testing the in-
tegrity of welds in oil pipes and for detecting metal stress
fractures in aircraft. Lar ge activity radioactive sources are
used in the sterilization of medical products such as sy-
ringes and intravenous drip bags. They are also used in food
preparation to reduce the bacterial count of food, therefore
increasing the food shelf life. They have been used to irradi-
ate seeds. Enriched uranium-235, used as fuel rods for reac-
tors, is also applied as a high activity source for research. It
is interesting to note that the majority of serious radiation
accidents that ha ve occurred around the w orld have been
due to accidents with industrial sources or medical therap y
sources used in the treatment of cancer . The accountability
of radioactive sources in the Western countries is good due
to strict re gulations. Departments that use these materials

are required to register them as radioactive sources, and in-
ventories together with re gular spot check inspections are
mandatory. In the case of a radiation accident occurring, the
source and the activity of the source will be kno wn. Unfor-
tunately, these crucial last two factors will not be known in a
terrorist event. 

There are millions of packages containing radioacti ve
materials shipped annually. Since there has not been a trans-
portation accident resulting in a radiation e xposure death
since the start of radioactive materials transportation over 40
years ago, it has become standard practice to ship radioac-
tive materials. Radiation sources from shipped packages
could potentially be used as a terrorist weapon in an RDD.

RADIATION THREAT SCENARIOS

To fully understand the impact of RDDs, we must put
them into perspecti ve with other methods of distrib uting
radiation. A simple radiological device is defined as a
method of spreading radioacti ve material without the use
of an explosive device. An example of this type of de vice
could be the placement of a de vice where unsuspecting
people could be exposed to the radiation. Surreptitious ex-
posure of hidden isotopes without a blast

A terrorist could place a high activity source in a highly
populated location where the mo vement of people is rela-
tively stationary, such as at queues or a conference v enue.
These sources could be placed under seats or around bars
or even under buffet tables; as a result, people could re-
ceive a signif icant dose of radiation and de velop nausea
and vomiting a few hours later, blaming this on food poi-
soning. Generally the majority of people who develop nau-
sea and vomiting tend to take care of themselves over the
first 24 hours and not go to a doctor . If they did go to a
doctor, the doctor would most often diagnose food poison-
ing and usually radiation w ould not be in the dif ferential
diagnosis. People could also de velop skin lesions, such as
erythema, desquamation, blisters, or even ulcers. This
would generally be misdiagnosed as dermatitis, mycosis,
allergies, chemical burns, or even pemphygus skin lesions.
Initially, this would not be associated with ionizing radia-
tion.

As discussed in previous chapters, this type of exposure
has already occurred in Goiania, Brazil, in 1987, where
thieves stole a radiotherap y source from an abandoned
clinic, and broke it apart (7,8). They actually were able to
get to the source of 1375 curies of radioacti ve cesium-137
and were heavily exposed to the radiation. They sold the
machine to a scrap metal dealer. The scrap dealer, his fam-
ily, friends, and others suf fered from e xposure, and four
died. It took about two weeks to realize that this was radia-
tion exposure. The exposure was discovered when the wife
of the scrap dealer took some of the cesium source into
town on a b us (exposing more people) to deli ver it to a
town official. The source was placed on the desk of the of-
ficial where it w as recognized as a high-le vel radiation
source the following day. A major radiation accident w as
announced to the local population, and over 112,800 peo-
ple had to be monitored, 249 were contaminated, 129 were
both internally and externally contaminated, 49 were hos-



pitalized, 28 had local radiation injury , and 4 died. There
had to be extensive cleanup over several months with sev-
eral homes demolished and containerized. This caused
substantial fear in the local population with tra vel re-
stricted in the area and an embar go of the produce of the
area. A terrorist could cause such fear by hiding a similar
radioactive source in a hea vily populated or traf ficked
area, thus exposing many. 

RADIATION DISPERSAL DEVICE 

An RDD, or dirty bomb, is formed by combining an e xplo-
sive agent (such as TNT) with radioactive material. These
devices can cause conventional blast injuries as well as radi-
ation injuries resulting from the dispersion of the radioac-
tive material to the en vironment and surrounding popula-
tion. This would be one of the easier radiation de vices for a
terrorist to use. It would not be difficult to obtain a radiation
source or the explosives. Significant amounts of radioactive
materials could be spread this w ay with additional conven-
tional blast injuries.

An airplane used as a “suicide bomb” as in 9/11
could have radioactive material in it and could, on impact,
spread radioactive material o ver a wide area. This would
provide a great challenge to rescue efforts since the radioac-
tive dust might contaminate the victims and the rescue
workers as well as equipment. A similar issue w as raised
with the f irefighters who initially did not ha ve respiratory
protection during the Twin Towers attack on September 11,
2001. The problem of inhaled contaminants and pulmonary
toxicology would be compounded if they were breathing ra-
dioactive dust. Even with respiratory protection, they would
still be contaminating their clothing.

If terrorists managed to obtain weapons-grade material
such as enriched uranium-235 or plutonium-239, they could
also use these materials in a con ventional explosive device.
This would cause major problems not in the short-term radi-
ation sense, but as a result of contamination of the en vi-
ronment. Plutonium-239 and uranium-235, both nuclear
weapons-grade materials, have very long physical half-lives
and require thousands of years to decay completely . This
would produce areas of contamination that would be consid-
ered as “no go” areas until decontamination was completed,
which could take months to years to achieve.

Radiation monitoring de vices were described pre vi-
ously in Chapter 14. In the e vent of an RDD e xplosion,
these instruments would be used to measure radiation in a
fixed location, self standing or attached to people. These
instruments should be in fire departments and other emer-
gency response agencies. It has been suggested that there
should be radiation monitoring and detection de vices
strategically placed around a city to monitor any potential
radioactive material from a blast where potential radioac-
tive material could have been used, such as if radioactive
material were spread by means of an RDD. With an alarm,
notification would go to the appropriate la w enforcement
agency and the FBI, since this w ould be a potential
“weapon of mass destruction.” A series of local, state, and
federal responses and other notifications would result, de-
pending on the situation. 

INITIAL EVALUATION AND TREATMENT
FOR RDD DETONATION

Emergency treatment should tak e precedence o ver other
care since resuscitation and life/limb sa ving care has the
highest priority. If the patient is contaminated, decontami-
nation should be a high priority also. Staf f protection with
appropriate personal protecti ve equipment (PPE) and per-
sonal dosimeters will be necessary . Radiological survey
(specialized history, physical examination, and radiation de-
tection) of the patient is the initial starting point for care of a
contaminated patient and is described more completely in
Chapter 16. The patient should be interviewed to obtain the
history of the exposure. Information should be gathered on
the type and source of e xposure if possible, as well as the
distance from the source and the amount of time e xposed.
Other pertinent information includes determining if there
were other victims and obtaining information necessary to
assist in the criminal investigations.

Signs and symptoms assist in determining prognosis.
Nausea, vomiting, and anorexia are important symptoms to
note. If they occur earlier, this is an indication of a se vere
exposure (see Chapter 16). Se vere exposure may result in
transient loss of consciousness. There may also be trauma
with the exposure, so trauma life support may be initiated as
appropriate. If sur gery or orthopedic care is needed, it
should be done in the f irst 2 days before bone marro w de-
pression occurs. Otherwise, there will be a w ait of about 2
months while the blood cells return to normal. 

LABORATORY TESTS

Patients who ha ve been e xposed to an RDD generally
should receive a complete blood count (CBC) with differen-
tial. Platelet count and absolute lymphoc yte count are also
important prognostic indicators. Samples must be tak en if
internal contamination is suspected. These include swabs of
nares, oropharynx, and wounds to check for internal con-
tamination. Stool, emesis, sputum, and urine samples for
baselines are important, and they should be repeated daily
for 4 days to monitor e xcretion rate. A heparinized blood
sample for chromosomal abnormalities in circulating lym-
phocytes is useful as well.

TREATMENT

Emergency treatment of the victim of an RDD is based
first on the type of injury suf fered by the patient. Life-
threatening injuries should tak e precedence. Treatment
should begin in the “hot zone” to stabilize the patient along
with decontamination. It will be important to have the radia-
tion protection officer (RPO) or other appropriate radiologi-
cally trained person do an e xpeditious survey of the patient
in case gross contamination is present. These patients
should be transferred to appropriate hospitals for def initive
care. The receiving hospital should be informed of the pa-
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tient’s contamination status and survey readings so that they
can prepare the response personnel with appropriate PPE as
well as prepare the decontamination/treatment area for re-
ceipt of contaminated patients. 

DECONTAMINATION

If the patient was only irradiated, then decontamination will
not be necessary. If an RDD is suspected, decontamination
will be necessary. It will be important to kno w which has
occurred and to survey the patient to make certain. Deconta-
mination of externally contaminated body surf ace includes
the removal of the clothing, which will take care of the ma-
jority of the body. The exposed parts of the body, including
the head and the extremities, should be carefully cleansed to
prevent the spread of contaminants to an y parts of the body
that were not initially contaminated. 

INTERNAL CONTAMINATION 

The most lik ely form of internal contamination from an
RDD is from inhalation of particles of debris contaminated
with small amounts of radioacti ve material. Inhalation of
radioactive material is dif ficult to remove since it may be
insoluble and remain in the lung. This would cause ongo-
ing radiation to the sensitive lung tissues. Lung lavage may
be required (9).

DECONTAMINATION OF WOUNDS 

Wound decontamination needs to be done by irrigation with
sterile saline or w ater to remove any radioactive material.
Decontamination may need to be repeated, and measure-
ments should be tak en of the w ound after each irrigation
(Chapter 16). It is helpful to kno w if it emits beta, gamma,
and/or alpha radiation. The commonly used instruments
measure beta and gamma radiation. Alpha radiation is much
more difficult to detect, and it should be performed by a
trained and experienced person. The contaminated wounds
may be dif ficult to clean and may require repeated irriga-
tions, debridement, and/or decorporating agent treatment
and monitoring. As long as the contamination is being re-
duced, it should be continued. Surgical care may be needed
to remove contaminated tissue. Survey of the cleansed areas
must be done, especially for wounds, to make certain that
they are clean. 

DECONTAMINATION OF THE
GASTROINTESTINAL TRACT

If the gastrointestinal (GI) tract w as contaminated, or is
highly suspected to be so, then gut decontamination will be

necessary, since uptake from the gut leads to incorporation
into the body and internal organs. It is significantly more im-
portant to treat internal contamination since the radioacti ve
material continues to irradiate tissues until it decays to a sta-
ble isotope or is biologically eliminated. Incorporation may
take place if the isotope is absorbed and distrib uted in the
body. The biochemical nature of the radionuclide determines
whether it is disseminated throughout the body or goes to a
specific organ, such as the thyroid. The term critical organ is
used for the organ that receives the highest dose of radiation
or is the site of the most significant biological damage.

IDENTIFICATION AND MEASUREMENT 

The way to determine if there is internally deposited ra-
dionuclide is by radioanalysis of the substances e xcreted
from the body such as sputum, urine, and fecal specimens.
Radioactivity in the body may also be measured by a whole
body counter, which primarily measures gamma emitters
and some high-ener gy beta radiation. Such whole body
counters are not usually practical in the emergency setting. 

GENERAL TREATMENT 

The different radioisotopes ha ve differing methods for re-
moval and are only briefly introduced here. The main goal of
removal is to reduce absorption, or hasten elimination. Iden-
tification is possible using radiochemical identification of ra-
dionuclides but may take several days. If the substance w as
inhaled, bronchopulmonary lavage may be required. When
the radioactive material crosses into the extracellular fluid, it
is incorporated. There are several ways to decorporate in-
cluding blocking agents, isotopic dilution, displacement,
mobilization agents, and chelation (9). Incorporation is not
usually a hazard to medical personnel because they are wear-
ing protective clothing. Blocking agents reduce the uptake of
the radioisotope at an or gan or metabolic site by saturating
the site with a stable form of the isotope, for example by
using KI (potassium iodide) to saturate the thyroid with sta-
ble iodide (KI, oral 300 mg/day for 7 to 14 days). F or chil-
dren, a KI cough syrup is used. Isotopic dilution is a method
of decreasing the concentration of the radioactive form of the
isotope so it will be excreted (e.g., for tritiated water contam-
ination). This is typically done by the oral intake of water (3
to 4 liters daily). Chelation therapy uses organic compounds
that provide an ion e xchange matrix; it is one method of
decorporation. The radioactive isotope e xchanges with an
inorganic ion resulting in a nonionized ring complex that can
be excreted (e.g., DTPA, 1 g/day for 5 days). Mobilizing
agents may be used to induce body tissues to release ra-
dioisotopes by increasing the natural turnover process. These
methods are designed to increase the rate of elimination.
Mobilizing agents such as these are most ef fective when
given early after the exposure. The efficacy of these interven-
tions diminishes with time (9). Alpha contamination is a
particularly important case, sometimes requiring decorpora-
tion. Since alpha contamination causes potentially signif i-
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cant damage when internalized, early chelation is sometimes
useful (within 1 to 2 hours after e xposure), with Ca-DTPA
(calcium diethylenetriamine pentaacetic acid) or the zinc
form being recommended. Other heavy metal contamination
is also effectively chelated by using these forms. Ca-DTPA is
preferred due to the metallic taste of the zinc form.

EXTERNALLY IRRADIATED PATIENTS—
GENERAL CONCEPTS 

MANAGEMENT OF THE CONTAMINATED
PATIENT 

The contaminated RDD victim may ha ve a complex radia-
tion exposure: external, internal, contamination, and injury.
Priority of treatment includes the serious medical or surgical
conditions first. Protection of the providers is next. Decont-
amination of the patient follo ws. Counseling of the patient
concerning the significance of the radiation may be neces-
sary. External contamination is usually on clothing and e x-
posed skin—hands, face, and head. 

MEDICAL MANAGEMENT 

Personal protective equipment is an important consideration
for health care providers. References that describe appropri-
ate PPE are a vailable (10), and general characteristics are
discussed in Chapter 28. Protecting the airw ay, eyes, and
mouth of each medical pro vider, with surgical-type scrub
suits and double gloves, is the goal of PPE here. All workers
will also need radiological monitoring devices worn on their
PPE suits. Patient management should be conducted in the
radiation emergency area (REA). Access by clinic staff and
other patients should be restricted to the clinical staff caring
for the patient to minimize the possibility of spreading con-
tamination to other areas of the clinic.

SPECIAL CONSIDERATIONS FOR FIELD
RESCUE FOR VICTIMS OF RDD 

As soon as the patient is stabilized, decontamination should
commence in the f ield. The decontamination process not
only reduces the patient e xposure by decreasing the total
amount of surface contamination but also minimizes the op-
portunity for the contamination to be ingested or inhaled.
Decontamination also remo ves the material from w ound
sites to assist in preventing incorporation. Field decontami-
nation also reduces exposure to the staff, other patients, and
the facility. Removal of the contaminated clothing will elim-
inate the majority of the contamination. During the deconta-
mination, care must be tak en to pre vent the patient from
being internally contaminated, through inhalation or inges-
tion or across contaminated wounds. Definitive, methodical
decontamination should be performed at the hospital with
the guidance of the RPO. Patients transported in advance of

decontamination should be wrapped in blank ets to mini-
mize/eliminate the spread of the contamination.

WOUND DECONTAMINATION

Wounds may be difficult to clean if contaminated since the
tissues, fluids, and the like can mask the alpha emitters such
as plutonium, and alpha particles can be readily absorbed by
body fluids. Tissue samples from w ounds may have to be
sent for laboratory analysis to be certain if the y are clean.
Special low-energy x-ray detectors operated by highly trained
and experienced personnel may be necessary to e xamine
wounds. It is clear that if there were man y radioactively con-
taminated personnel from an e xplosion of a radioacti ve
weapon such as an RDD with resultant contaminated
wounds, there would be a need for many experienced radia-
tion personnel to assist.

If the mouth is in volved, it should be rinsed well with
much water. Assistance may be necessary to accomplish
this. Obtain sw abs of orif ices during the irrigation proce-
dures. Save all irrigation fluids for analysis. Name, date,
site, and time of sampling should be noted on the container.
These samples can be evaluated for radiation. Based on the
number of counts above the background radiation, they are
then classified as low level (up to thousands of counts) or
high level (many thousands of counts). Copious amounts of
water should be used f irst, and soap is also needed, to re-
move heavy high-level surface contamination. Soft surgical
sponges should be used to prevent damage to the skin. After
the survey results, the highest level of contamination should
be cleaned first. Use clean 4x4 gauze pads for each sw ab to
avoid cross-contamination. The areas to be cleaned must be
isolated with waterproof drapes to prevent contamination of
other areas of the body . Lower-level intact skin should be
next, and it should be cleaned appropriately similar to the
skin in the high-level areas. 

Eyes—Treatment of the eyes should be similar to stan-
dard treatment of a foreign body, with the additional
issue of radioactivity. Removal of any foreign bodies and
then irrigation with analysis for radioactivity is required.
Irrigation of the eyes should be in the direction from the
inner canthus to the outer canthus to limit the possibility
of contaminating the lacrimal duct. 

Thermal and Chemical Burns—These areas need cleans-
ing like other burns with additional precautions of saving
all rinsing fluids and surveying all materials used for
cleaning the areas. Dressings need to be labeled and
saved for analysis when removed.

Lacerations—Gentle irrigation with copious amounts of
water or saline are needed. Special use of cleaning with
hydrogen peroxide and surgical scrubs may be neces-
sary. Save all wound drainage. Leave open if unable to
determine if clean.

Puncture Wounds—It may be necessary to surgically re-
move some contaminated tissue, but caution should be
exercised to prevent further damage.
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EMERGENCY MEDICAL SERVICE
PERSONNEL 

Prehospital personnel, who have provided care for the pa-
tient in the emergent situation, must remain in a controlled
area until they can be properly surv eyed and cleared from
contamination. The same is true for an y of their equipment
that may have been used in the care of the patient and poten-
tially contaminated. If contaminated, the equipment must be
cleaned or discarded.

Treatment Area—The treatment area must be surveyed for
any residual contamination after the “clean” patient has been
finally transferred to ongoing care in the hospital. State,
contractor, or Department of Energy personnel may assist 
in the survey, cleanup, and restoration of the room for use.

Radiation Emergency Area—The REA is where the radia-
tion-contaminated patient is managed and grossly decon-
taminated. It is discussed and diagrammed in Chapter 15.
The patient must be decontaminated before being trans-
ported to an outlying facility. To prevent contamination of
the transport equipment, contaminated clothing and exter-
nal exposed parts such as exposed skin and hair will at
least need to undergo gross decontamination before the
patient can be moved to definitive care (Table 17-1). 
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SUMMARY

� Radiation exposure can occur by several routes.
These include placing a radioactive source near
the public, exploding a conventional bomb con-
taminated with radioactive materials, or deto-
nating an actual nuclear weapon. The first two
are thought to be the most likely to be used by
terrorists.

� RDDs are formed by combining an explosive
agent (such as TNT) with radioactive material.
These devices can cause conventional blast in-
juries as well as radiation injuries.

� Victims may suffer internal contamination by
inhaling debris from an RDD blast.

� Emergency treatment of the victim of an RDD
is based first on the type of injury suffered by
the patient. Life-threatening injuries should
take precedence. Treatment should begin in the
hot zone to stabilize the patient along with de-
contamination.

� The immediate treatment of these victims in-
volves caring for traumatic injury.

� Training and regular exercise of the correct
procedures will instill confidence into the med-
ical and emergency responders resulting in the
elimination of the fear of the unknown.

� Principles of management of the victim of
RDDs are discussed in greater depth in the
other radiation chapters in this text.

TABLE 17-1  Guideline for Response to a Radiation
Accident or a Dirty Bomb for a Hospital

1. Radiation accident hospital response notification
a. Number of patients
b. Type of injury/illness
c. Is the patient contaminated?
d. Staff/REA preparation

2. Patient arrival
a. Medical report
b. Radiological report
c. Clean team transfer

3. Triage/evaluation/treatment
a. Cut away clothing
b. Isolate contaminated area

4. Dry decontamination
a. Remove contaminated articles from 

patient/staff
5. Radiological assessment

a. Survey/document
b. Sample orifices and contaminated area/label

6. Wet decontamination
a. Priorities

i. Wound/orifices
ii. Intact skin

b. Methods
i. Drape
ii. Wash
iii.Rinse
iv. Dry
v. Survey

7. Patient exit
a. Clean pathway
b. Clean team transfer
c. Final survey at control line

8. Staff exit
a. Remove anti-contamination clothing
b. Survey at control line

9. REA cleanup

RESOURCES

1. Radiation Emergency Assistance Center/Training Site
(REAC/TS) at Oak Ridge, TN, with 24-hour response.
Daytime phone: (865) 576-3131. After hours phone:
(865) 576-1005.

2. Armed Forces Radiobiology Research Institute (AFRRI)
with 24-hour response to include the Medical Radiobiol-
ogy Assistance Team (MRAT). Phone: (301) 295-
0316/0530.



D. Transporting the victims to special radiation treat-
ment centers and bypassing all other health facilities

E. Contacting family members to determine living-
will status as a part of initial triage

4. News reports in the popular media raise the possibility
of a nuclear terrorist attack from which of the follow-
ing types of devices?

A. Radioactive materials from medical sources
B. Weapons-grade nuclear materials
C. Detonation of an actual nuclear device
D. Bombs made with radioactive materials purchased

from criminal sources
E. All of the above

ANSWERS
1: E. An actual nuclear device could be detonated.
2: A. Infection with the AIDS virus.
3: C. Treating life-threatening injuries first.
4: E. All of the above.
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Depleted Uranium-Containing Explosions
One of the authors was in the Army on active military duty
in Kuwait during “Operation Desert Storm” in 1991. He
was the incoming commander of a forward medical unit
when nearby a series of tank explosions occurred. In this
incident, a tank filled with munitions caught on fire caus-
ing munitions to explode. This, in turn, caused a 
series of other tanks to explode. These explosions also 
resulted in the destruction of the field hospital, which 
the writer was in at the time—I thank the Almighty that 
I am alive. The explosions caused over a hundred injuries
to personnel. Some of the munitions contained depleted
uranium (DU). Although DU is only minimally radioactive
and this was an accident, this type of incident could fall 
in the category of a “dirty bomb” had it been done by 
a terrorist. Some of the casualties could potentially have 
received internal fragments or even dust that was contam-
inated with DU. Here the major focus was to triage the
more serious casualties to Kuwaiti hospitals. Conventional
blast and fragments caused the majority of the injuries.

QUESTIONS AND ANSWERS

1. Which of the following is LEAST  likely to be used for
radiation dispersal by terrorists?

A. A radiation source may be placed in a food line at
a buffet or cafeteria, resulting in delayed diagnosis
and treatment.

B. Radioactive materials from medical sources may
be placed within a conventional explosive device.

C. There exists a remote possibility that terrorists
could obtain an actual nuclear bomb.

D. Nuclear weapons grade materials may be embed-
ded in a conventional explosive device, making
environmental decontamination difficult.

E. An actual nuclear device could be detonated.

2. The most probable injuries of a dirty bomb may in-
clude all the following EXCEPT:

A. Infection with the AIDS virus
B. Contamination with weapons-grade radioactive

materials like plutonium
C. Secondary blast injuries, caused by flying debris

from the blast
D. Crush injury from falling structures
E. Contamination of lungs or eyes, requiring special

techniques of decontamination

3. Priorities in the initial emergency care of RDD victims
INCLUDE which of the following?

A. Ensuring ability-to-pay and insurance status on all
victims prior to treatment

B. Determining the exact isotope involved in the blast
C. Treating life-threatening injuries first

Case Study

http://www.time.com/time/nation/article/0,8599,182637,00.html
http://www.PBS.org
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Detonation of a Nuclear Device
Cham E. Dallas

INTRODUCTION

The increasing likelihood of the use of weapons of mass de-
struction (WMD) on large civilian populations has been de-
scribed in international government alerts (1), U.S. congres-
sional hearings (2) and research studies (3), and numerous
scientific publications. The Islamic terrorist attacks on New
York and Washington, D.C., have accentuated the reality of
this threat. There is continued concern o ver the security of
the enormous arsenal of nuclear , chemical, and biological
agents left over in Russia as a result of the Cold War. It is
known that Libya, Iran, Syria, Iraq, and North Korea have
been actively recruiting the scientists who constructed this
massive stockpile, and it is not certain where many of these
experts are now (4). In just the case of biological weapons,
at least 17 countries are belie ved to be in possession of or
actively developing these agents (5). Although the terrorist
use of nuclear weapons has a certainty of mass casualties,
empirical analysis of the historical trends of terrorist e vents
have shown that chemical and biological agents were em-
ployed far in excess of nuclear or radiological materials (6). 

As the threat of the use of WMD on the civilian popula-
tion increases, data suggest that hospitals and medical
providers in general are signif icantly unprepared for a bio-
logical, chemical, radiological, or nuclear incident, with a
nuclear weapon attack presenting the greatest de gree of a
lack of preparedness. Radiological attacks are defined as in-
volving the release of radioactive materials into the proxim-
ity of people without a nuclear e xplosion and typically in-
volve far fewer and less consequential casualties than
nuclear detonations. Only in some regions of the former So-
viet Union have there been signif icant casualties from the
release of radionuclides into the en vironment without
atomic detonation (7,8). Use of a nuclear weapon will in-
volve a nuclear detonation, with the accompanying massive
explosion, devastating fireball, extensive burns in patients,
trauma victims, blindness, and short- and long-term radia-
tion sickness. This chapter focuses on specif ic medical re-
sponse procedures for treating patients resulting from the
use of nuclear weapons, including the unique aspects of
dealing with mass casualties.

Although the preparation of hospitals using the princi-
ples inherent in hazardous materials (hazmat) training has
provided some degree of response capability, there are sig-
nificant additional concepts for an overwhelming impact on
public services. Medical as well as law enforcement person-
nel will need to understand the unique challenges in dealing
with the intense public fear of radiation, which will signifi-
cantly impact on the apprehension of perpetrators as well as
maintaining public order (especially in nuclear attacks, with
the attendant widespread destruction). Public health of fi-
cials will learn of the potential radiological monitoring of
patients and the environment, dealing with the likelihood of
a large number of “worried well,” transportation difficulties
inherent in mass casualty management, and the sheer mag-
nitude of nuclear attacks in general. Pharmacists must un-
derstand their critical role in the rapid dispersion of iodide
tablets for the pre vention of radiation-induced thyroid can-
cer, the pharmaceutical agents of most importance in nu-
clear attack medical response, and the agents for removal of
internal radioactive contaminants from exposed patients.

THEORETICAL CONCERNS RELATED TO
NUCLEAR BLAST

Radiation exposure involves various particles (i.e., beta,
alpha, neutrons) or rays (gamma) generated from the unsta-
ble elements released into the environment (see Chapter 13).
Gamma rays and some of the more intense beta particles
(electrons emitted from radioacti ve materials) can be de-
tected at a distance, and scanning the individuals and samples
taken from them can generate relati vely rapid indications of
exposure. Unfortunately, alpha particles (a lo w-penetration
particle consisting of two protons and two neutrons) cannot
be detected with standard detection de vices, so plutonium
exposures, for example, are harder to detect. Because nu-
clear weapons generate a wide range of radiations and
radioactive particles, the scanning of patients and the en vi-
ronment for gamma and beta detection is sufficient to deter-
mine an overview of the exposure potential for an individual
patient. 



Classification of both nuclear detonation and radiologi-
cal contamination patients in the e vent of a nuclear detona-
tion is signif icantly expedited by e valuation of hemody-
namic parameters, as well as the time of prodromal onset, as
discussed in Chapter 16 (10). The rapid decline in blood
lymphocytes induced by signif icant radiation e xposure is
particularly useful. Data gathered for the lar ge number of
highly exposed cleanup w orkers (known as “liquidators”)
and others following the Chernobyl nuclear disaster provide
an example of the classif ication of radiation patients as to
outcome (Table 18-1). Lymphocyte counts were found to be
highly correlated with the treatment cate gories, with very
low numbers found in patients who did not survive and pro-
gressively higher counts found in groups that had probable
survival with treatment, possible survival without treatment,
and probable survival without treatment, respectively. Gran-
ulocytes had a similar utility and o ver a larger range of val-
ues (11). Platelets were useful in distinguishing between the
lower exposed groups but had less utility in distinguishing
between higher exposed groups (12). If hemodynamic pa-
rameters are not a vailable or of questionable quality , the
onset of the prodromal syndrome will still ha ve consider-
able utility in patient classification. Indeed, prodromal onset
may be better correlated with radiation dose than blood pa-

rameters. If both are a vailable, they can be used to v erify
each other in patient cate gory designation. The health pro-
vider will have to be careful in using vomiting as a parame-
ter, however, because it is lik ely that man y patients will
present this symptom for psychological reasons (13). Gen-
erally, patients with v ery low or undetectable lymphoc yte
counts, prodromal onset of less than 30 minutes, and very
severe (i.e., 60% of the body) b urns are likely to be in the
expectant category. Every case should be e valuated sepa-
rately, however, on the judgment of the pro vider on site
(Table 18-1).

One of the most feared long-term effects of radiation ex-
posure is the subsequent induction of cancer (14,15). It has
been found after tracking survi vors of the Hiroshima and
Nagasaki atomic bomb attacks that there is a series of long
latent periods followed by a detectable incidence of radia-
tion-induced cancers (Table 18-2). Because some of the nu-
clear weapons available today have far greater yields than
the atomic bombs used on Hiroshima and Nagasaki, the de-
gree of cancer incidence may be considerably greater . Even
the latent periods may be shorter, as was seen following the
Chernobyl nuclear accident with the much shorter incidence
(presumably due to the much higher dose rates for radioio-
dine) for thyroid cancer (16,17) (Table 18-2). 
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TABLE 18-1  Patient Categories Based on USSR Chernobyl Classification

PARAMETER 1st DEGREE 2nd DEGREE 3rd DEGREE 4th DEGREE

Prodromal onset (hours) >3 1-3 0.5-1 <0.5

Latent period (days) >30 15-25 8-17 6-8

Lymphocytes/ul (3 to 6 days) 600-1,000 300-500 100-200 <100

Granulocytes/ul* 3,000-4,000 >1,000 <1,000 <500

Platelets/ul† 40,000-60,000 40,000 <40,000 <40,000

Total body dose (rads)†† 100-200 200-400 420-630 600-1,600

Estimate of survival Probable Possible Probable Unlikely
without treatment without treatment with treatment

Modified from F. Fong, Nuclear detonations: evaluation and response, which was based on Barabanova, Complete Union of Soviet Socialist Re-
publics Classification of Chernobyl Victims
* Data from 1st and 4th degrees based on 7-9 days, 2nd for 15-20 days, and 3rd for 8-20 days.
† 1st degree based on 25-28 days, 2nd on 17-24 days, 3rd on 10-16 days, 4th on 8-10 days.
†† Values in grays are 1st degree: 1-2;  2nd degree: 2-4; 3rd degree: 4.2-6.3; 4th degree: 6-16.

TABLE 18-2  Radiation-induced Cancer Induction Following Atomic Bomb and Nuclear Reactor Airborne Releases

CANCER HIROSHIMA/NAGASAKI CHERNOBYL LATENT PERIOD (YEARS)

Leukemia (+) (-) 6 +

Lymphoma (+) (-) 9 +

Thyroid cancer (+) (+) 5 + (Chernobyl); 15 + (H/N)

Stomach cancer (+) (-) 20 +

Lung cancer (+) (-) 20 +



UNSUBSTANTIATED FEAR OF
RADIATION-INDUCED BIRTH DEFECTS

One of the most entrenched concepts in the general pub-
lic concerning radiation is the fear of birth defects in-
duced by radiation exposure. Certainly, it has been shown
that intense x-ray exposure has produced birth defects in
humans (17,18,20) and there ha ve been a v ery limited
number of defects reported in Hiroshima and Nagasaki
atomic bomb survi vors (21–23). Indeed, many of these
survivors were a voided socially in relation to marriage
selection because of a fear of birth defects in subsequent
offspring. However, the actual incidence of teratogenicity
resulting from radiation e xposure has been highly o ver-
rated, based on numerous historical radiation e xposures
worldwide (24).

The most distinctive example of how this fear of birth
defects impacts on a medical response to ionizing radia-
tion was the Chernobyl e xperience (25,26). Ov er 100
times the amount of radioacti vity generated by both the
Hiroshima and Nagasaki atomic bomb detonations w as
released into the air after the Chernobyl nuclear accident
(27). In the immediate aftermath of the accident, over
30,000 women terminated their pregnancies directly as a
result of fear of the birth defects from their radiation e x-
posure. These are women who would have had the babies
otherwise, so their decision (supported by medical providers)
was completely due to the accident. Subsequent analysis of
the 60,000 other equally exposed women who did have their
babies, however, revealed no statistically signif icant inci-
dence of birth defects. Clearly, the information given to the
women concerning relati ve risk of birth defects w as false
and misleading. In conjunction with the v ery low incidence
of birth defects after the atomic bomb detonations in Japan,
a fear of significant numbers of birth defects is not justified.
In both the immediate aftermath and long-term medical re-
sponse to nuclear weapon use and in radiological exposures,
therefore, termination of pregnancy due to the anticipation
of radiation-induced birth defects is not a scientifically justi-
fied course. 

DETECTION AND MEDICAL SURVEY
FOLLOWING NUCLEAR BLAST

Radiation detection was discussed in Chapter 14. Radia-
tion exposure to humans can result from irradiation from
a distance, contamination on the skin, hair, and clothing,
and from internal contamination of radioacti ve materials
from inhalation or ingestion (28). In a long-distance irra-
diation (gamma, beta, and neutron), internal injury can
occur due to the penetrating power of the particular radi-
ation. One intense source of this e xternal irradiation oc-
curs in the blast of radiation emitted from a nuclear
weapon at the time of detonation, and decreases in inten-
sity (not counting shielding) are e vident with distance
from ground zero. Ev aluating an individual for possible
contamination or radiation emission using detection de-

vices is referred to as a radiation survey. A radiation sur-
vey does not, except for some neutron-induced acti vity,
detect a person’s exposure to radiation. A radiation sur-
vey is useful for the radiation that occurs as a result of
fallout or the contamination from radiological e xposure.
Therefore, the radiation survey helps identify those indi-
viduals who have been exposed and is invaluable in pro-
tecting those serving the victims (and pre venting further
exposure). It can only be expected, though, to give an ap-
proximation of the e xtent of e xposure that actually oc-
curred (29).

If the emer gency unit does not possess a gamma-
counting device, state and federal authorities must be
contacted and a detection instrument procured immedi-
ately. Along with surv ey instrumentation, at least one
trained person should accompan y the de vice, and this
training must be transmitted to as many personnel on site
as quickly as possible upon arrival. Fortunately, basic ra-
diation survey can be conveyed to a wide v ariety of per-
sonnel fairly quickly, although the overall process must
be under the authority of the incident commander and the
local physicians and other health care professionals. If
patients have detectable radiological contamination, their
clothes must be removed, and these individuals examined
and treated as potential radiation victims. 

In a radiological terrorism e vent, as well as in some
accidental radiation exposures, the specific radionuclide
used determines the specif icity and efficacy of scanning
and detection (30). If strontium-90 was the agent of con-
cern, for example, the radiation monitoring w ould have
to focus on beta detection. From the consideration of the
penetration potential of v arious radiations, gamma and
neutron radiation ha ve the highest penetrating po wer
(i.e., through walls), beta is less penetrating (i.e., most
will not pass all the w ay through the body), and alpha
particles will not even penetrate a piece of paper (29,31).
However, penetrating power only determines the mode in
which the various radiations can e xert physiological in-
jury. Gamma and beta radiation can be a health hazard
from a distance due to their penetrating po wer. Although
alpha particles would not be dangerous outside the body
(i.e., on clothing), once they are inhaled or ingested into
the body, they have a very high radiation ener gy with a
significant potential of generating toxic injury in the tis-
sues immediately next to them. 

The initial radiation surv ey technique is pro vided in
Table 18-3 and describes a generalized overview of the ap-
proach to be taken in surveying patient populations for ra-
diation exposure and potential decontamination. Whenever
possible, a health physics practitioner should be included in
the radiation surv ey team. Because properly trained indi-
viduals are few in number, this may be hard to accomplish
if there is a lar ge-scale event. The extent of the surv ey
would depend to some e xtent on the number of potential
victims as well as the size of the medical response team.
Whenever time and resources are suf ficient, and especially
when the patient population is lo wer, the survey should be
conducted as thoroughly as possible. This radiation survey
is not specific only to nuclear detonation b ut may be used
in any radiation exposure (Table 18-3).

Monitoring of clothing is usually considered to be e x-
traneous to the mission, and the clothing should be
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bagged for later disposal. It is important to protect the
probe from contamination with a glo ve because in most
emergency settings a replacement will not be a vailable.
Therefore, complete protection of the probe becomes a
serious limiting factor. If the monitoring cre w has suffi-
cient confidence, and the patient is very cooperative, one
might consider using the probe without the glo ve. This
would increase the sensitivity of the probe for weak beta
particles and perhaps some alpha contamination. Ho w-
ever, the most important consideration is to protect the
probe for subsequent use (which in mass casualty situa-
tions would mandate the use of a glo ve even with the
availability of multiple probes). Checking the back-
ground of the examining area should be done at periodic
intervals in order to remove the confounding interference
with the patient measurements. F or every patient, a
record of his or her contamination (or lack thereof)
should be made for future reference. A simple schematic
of body surf aces (front: with top of feet sho wn; back:
with bottom of feet sho wn; right f ace; and left f ace)
would be used to indicate the presence (and absence) of
contamination. The type of surv ey meter shown and its
settings should also be indicated, along with the patient
name, date, and time.

Further radiological surveys are usually beyond the ca-
pabilities of most emergency settings, but additional infor-
mation gathered can be useful to subsequent treatment.
Blood samples can be tak en and lymphocyte counts made
over time, which would be plotted out on an Andrews
nomogram (Chapter 16). This profile would provide an in-
dication of the likely impact on the blood elements of the
affected individual after the initial crisis is o ver. Whole-
body counting can be employed to determine the extent of
internal radionuclide contamination in patients, after de-
contamination. These counters are relati vely scarce b ut
have considerable utility in delineating patient dosimetry
for long-term health care planning. Additional scarce, but
highly useful techniques can also be emplo yed in long-
term follow-up, such as lymphocyte cytogenetics, fixed in
situ hybridization (FISH) techniques, “chromosome paint-
ing,” and electron spin resonance. Chromosome analysis
for dicentric malformations w as described in Chapter 16.
Expertise and equipment for these approaches can be iden-
tified by contacting the Armed Forces Radiobiology Re-
search Institute (AFRRI) in Washington, D.C., or the
Lawrence Livermore Laboratory in San Francisco. 

NUCLEAR WEAPON DETONATION

With the demise of the Cold War, the possibility of devastat-
ing attacks with multiple nuclear weapons (kno wn as mu-
tual assured destruction, or MAD) has decreased dramati-
cally. However, the new asymmetric threat for a nuclear
weapon involves small terrorist groups or rogue states deto-
nating a single nuclear weapon in a population center using
covert delivery (e.g., a delivery van). The “nuclear club” of
countries possessing nuclear weapons no w includes North
Korea, Pakistan, possibly Iran, and other nation-states who
have been willing to export this technology freely. Although
there has been a precipitous decline recently in the number
of active nuclear warheads in the U.S. and Russian nuclear
arsenals, it is unfortunate that none of the weapons-grade
material removed from the deacti vated warheads has been
destroyed. Instead, the plutonium and uranium pits from
these thousands of nuclear w arheads have simply been
stored away. Possible theft of small portions of the tons of
this stored nuclear material, especially from the Russian ar-
senal, is a constant source of concern. Additional efforts by
unstable and e ven aggressive nations (e.g., North Korea,
Iran) to produce nuclear material for use in w arheads also
heightens the tension. 

BLAST DYNAMICS

Upon detonation of a nuclear de vice in an urban area, a se-
ries of events would result in a spectrum of injuries requir-
ing a massi ve medical response (32). The impact of a
medium-sized nuclear detonation on an urban population,
including the health care system, is depicted in Figure 18-1.
Commensurate with con ventional explosion blasts, there
would be a pressure change decreasing in intensity with the
distance from the blast (31). With nuclear detonations, of
course, the degree of pressure change is larger and covers a
greatly enhanced area relati ve to con ventional blasts. A
shock wave emanates from the blast with a pressure change
that will result in the destruction of buildings (generally de-
creasing in intensity with distance from ground zero),
eardrum damage in humans, and the intense mo vement of
air containing radioactive materials and massive amounts of
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TABLE 18-3  Basic Radiation Survey Technique for Patients

1. Conduct a background radiation check to determine contamination of the immediate environment.
2. Cover probe with a disposable glove to prevent contamination of the probe during the initial survey.
3. Remove patient’s clothing (separate monitoring of clothing is labor intensive) and store it away.
4. Have the patient stand with extremities extended slightly to avoid confusion of radiation source.
5. Move probe 1 inch above the body at a rate of 1 inch/second or less.
6. Monitor the entire body, including soles of feet, armpits, groin, and hair.
7. Indicate the places in which contamination are found on a simple diagram chart.
8. If contamination with patient seems remote (cooperation), conduct survey without glove.
9. Remove the glove and replace with another before the next patient survey. 

10. Repeat the background radiation check of the immediate environment periodically.



debris. The destruction of buildings and the movement of ma-
terials in the shock w ave can be e xpected to generate v ery
large numbers of trauma injuries, amounting to hundreds of
thousands of trauma patients in a highly populated urban area. 

RADIATION BURNS AND FLASH
INJURIES

A daunting array of burn injuries will result in all directions
from a nuclear blast as a result of the e xplosion fireball re-
leased. A nuclear fireball is at least four orders of magnitude
(10,000 times) hotter than that produced by a con ventional
explosive, with the resulting dramatic increase in f ires and
thermal burns in the affected population. The fireball can be
expected to result in a large number of burn victims, which
will create one of the most perple xing logistical medical is-
sues in a nuclear weapon response. The fireball will expand
in a full circle around ground zero, creating burn victims in
all directions in a continuous w ave over many square miles
of territory. With a large nuclear weapon in a major urban
area, several hundred thousand serious b urn victims could
be presented to the medical response community . The in-
tense flash of visible light at detonation can by itself cause
the ignition of f ires as well as e xternal flash burns in hu-

mans. The most common result of this initial flash is flash
blindness, which involves primarily a temporary loss of
sight. A far more serious (b ut less common) injury is the
retinal burn, which is permanent and can result in blindness
(33). The instinctive reflex to cover the eyes in a flash will
aid significantly in man y cases in reducing these injuries.
The distances at which burn and flash injuries will occur can
be calculated based on the size of the nuclear detonation.

IMMEDIATE AND DELAYED RADIATION
TOXICITY

Both immediate and delayed radiation e xposures occur fol-
lowing nuclear detonations. Gamma irradiation occurs from
the detonation as well as from f ission products resulting
from the blast (34). Neutrons emitted in the blast are be-
lieved to be considerably more hazardous than the gamma
rays, and neutrons are unique in that the y can mak e other
materials (including living tissue) radioactive. Both gamma
and neutron radiation can pass through a verage walls to in-
duce radiation damage in people. Delayed radiation e xpo-
sures can occur when people encounter materials that ha ve
been induced to become radioacti ve by neutron and gamma
radiation. Exposures to delayed radioactivity can occur over
very wide areas due to the airborne dispersion of f ission
products that condense and return to the ground as what is
known commonly as f allout. Airborne detonations produce
considerably less fallout than surface bursts. The dispersion
of fallout is dictated primarily by the prevailing winds in the
first days after the detonation, with winds at higher altitudes
often traveling in very different directions than on the sur-
face (35). In the early f allout in the f irst 24 hours (Fig. 
18-1), most hazardous exposures are due to e xternal radia-
tion sources, and the f allout particles tend to be lar ger.
Smaller particle sizes of the subsequent late f allout keep
them aloft longer, but the levels of radioactivity are lower.
Less penetrating beta particles and lo w-penetration (but
high-energy) alpha particles are more of a hazard when taken
into the body (36). Some higher ener gy beta radiation can
also be an external hazard as well. Internal contamination of
gamma or neutron emitting materials also results in consid-
erable human health hazards. One v ariant with nuclear
weapons is the use of a neutron bomb, which is reputed to
employ only a small blast area. Instead, it would emit a large
amount of deadly neutron irradiation that w ould kill people
and animals but leave most buildings intact (there may be
unpredictable health ef fects on the periphery of the attack
area, outside of where people are actually killed). Ho wever,
it is unlikely a terrorist group will acquire a neutron bomb.

RADIOLOGICAL EXPOSURES

It is valuable to consider release of smaller amounts of radi-
ation into the environment to contrast these with the ef fect
of a nuclear detonation. Radiological e xposures can result
from the deliberate or accidental release of radionuclides
into the air, water, food supplies, or on surfaces that people
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Figure 18–1. A 350 KT nuclear detonation in New York City is 
depicted, with the casualty plumes depicted over the ensuing 24
hours. The circle of casualties at ground zero on Manhattan rep-
resent deaths, trauma victims, and burn patients resulting from
the blast, shock wave, and fireball. The comet-shaped plume 
extending eastward across most of Long Island represents the
subsequent casualties from the short-term (first 24 hours) fallout
from the blast. Together, one million casualties could be ex-
pected. The major hospitals are shown with the letter H, with
airports delineated by an airplane. It is evident that a single
medium-sized nuclear detonation will result in the inactivation
of a majority of the health care centers in the metropolitan 
area, which would put an even greater (and overwhelming)
stress on the remaining hospitals. 



contact (37). The resulting health hazards can be similar to
those experienced following early and delayed f allout. Re-
cently, there have been a number of alleged threats from Is-
lamic terrorists considering the use of “dirty bombs, ” or
conventional explosive devices that have radioactive materi-
als encased around them. The intent would be for the explo-
sion to distrib ute the radioacti ve materials o ver a certain
area. Usually there will be few immediate health effects, un-
less the radiation source is especially intense. The danger
for human exposure will be primarily from the ingestion or
inhalation of radioactive particles. Commensurate with the
time-honored radiation protection maxim of time, distance,
and shielding, the best immediate action is to decrease the
length of exposure, increase the distance of the victims from
exposure, and put appropriate shielding in between the pa-
tient and the radiation e xposure source. If a radiological
source is located in the vicinity of a population, the primary
danger is from a lack of detection. Once a hazard is identi-
fied, people can be remo ved relatively quickly and further
exposure averted. 

ORGANIZATION OF THE MEDICAL
RESPONSE TO NUCLEAR DETONATION
AND RADIOLOGICAL EVENTS: THE U.S.
GOVERNMENT MODEL 

All responses to major disasters, including nuclear and radi-
ological attacks, are by nature initially local events. A com-
mon misconception of the public, and many medical
providers, is that state and especially federal response assets
will be on the scene of an attack within hours or e ven min-
utes of an attack. It is no w widely estimated by these
state/federal response groups that it will not be uncommon
for 24 or e ven up to 72 hours to elapse before substantial
specialized personnel and equipment be gins to arrive at the
scene of an attack with weapons of mass destruction. There
is a further delay, of course, as these assets are deployed and
set up in field applications and still more delay during intel-
ligence gathering and decision making. This mandates that
the appropriate entity should be contacted absolutely as
soon as possible, so a further increase in this inherent latent
period of response is a voided. Another source of delay will
be the jurisdiction of local and especially state authorities in
a crisis, in that federal institutions must be approached
through appropriate channels (i.e., the state governor’s of-
fice) before the federal mobilization can e ven begin. It is
also incumbent on health care responders to notify authori-
ties because they are required to do so by law, and penalties
for noncompliance may be severe. 

In most crises that could be envisioned as a result of radi-
ological and nuclear attacks, the initial authority rests with
the government of the state in which the attack occurs. The
first responders on the scene of most attacks will be munici-
pal and county of ficials, but these personnel will immedi-
ately report and respond to the authority of the state go ver-
nor. The governor would then make the decision to call in
federal assets (T able 18-1), which would likely occur in
most cases soon after the attack. 

The initial phase of an attack with weapons of mass de-

struction is known as the crisis management phase, and the
lead federal agency is the Federal Bureau of In vestigation
(FBI). All aspects of the initial federal response w ould be
under the authority of the FBI, which would include the col-
lection of evidence, the pursuit and capture of perpetrators,
management of medical resources, and coordination of
local, state, and federal response entities. After the initial
crisis management period has transpired, disasters are cate-
gorized as moving into the consequence management phase,
where primary responsibility mo ves to the Federal Emer-
gency Management Agency (FEMA). FEMA will coordi-
nate the movement of the massive supplies and large num-
bers of support personnel needed in the response that would
ensue over the weeks and months after a major tragedy .
Whenever medical personnel are considering acquiring an
array of resources for dealing with the crisis, FEMA should
be contacted to determine the a vailability of resources as
well as their overall authority in the response.

MASS CASUALTY ISSUES

One of the most daunting prospects for the emergency com-
munity response to a nuclear weapon attack is the very large
numbers of real patients that are likely to be generated (38).
These groups of patients will descend on the local hospitals
and designated emergency response centers in lar ge unor-
ganized masses. Even more thousands will lie where the y
are or wander about until emer gency responders can reach
them, often within environments that are not conduci ve to
transport. Unless they are separated and or ganized quickly
into manageable treatment groups, at best many of these in-
dividuals will be lost unnecessarily , and at worst the entire
medical system could be swept away in just the initial stages
of the crisis. By contrast, in radiological events the actual
number of real injured patients (particularly in short-term
response) is likely to be quite small, and triage will not be a
major issue. 

Because of the lar ge numbers of patients and w orried
well, and due to the special issues of decontamination, secu-
rity of the medical response area follo wing a nuclear
weapon attack is an initial primary concern. As large num-
bers of these people arrive at emergency rooms or even hos-
pital entrances, all subsequent health care will be disrupted,
and it might cease altogether . The incident commander for
the event will decide where to set up areas for receiving and
processing patients, which will include not only hospitals
but large public areas such as schools, government build-
ings, and even shopping malls. A major priority will be to
have a security perimeter placed around these areas as
quickly as possible. Initially , local police w ould be em-
ployed, of course, but the size of the areas to be co vered
would entail the incorporation of additional nonmedical
personnel from the local municipal authorities, at least until
state and federal resources arrive. It would be expected that
the state national guard would take over most of the security
functions once they are mobilized and arri ve at the scene.
However, it cannot be overemphasized how much the local
authorities will be on their o wn in the f irst hours and e ven
days into a crisis.
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UNIQUE SECURITY ISSUES 

A major tactical and le gal issue will be the de gree of force
to be used to protect the health care perimeter . Because of
the panic and loss of confidence in public institutions likely
to ensue following the devastation of a nuclear attack, the
loss of restraint in the patients and w orried well on the
perimeters of the health care system is lik ely to be striking
(39). Once the perimeter is breached in e ven one area, the
sequential breakdown of order within the perimeter might
be precipitous (40). Another related concern will be the
manner in which the security personnel will conduct their
duties and prevent contamination of themselves and the fa-
cility while still serving the patient community. It should be
remembered that radioactive contamination of patients, un-
like highly toxic chemicals, is not going to have an immedi-
ate effect on the security people. If the y become contami-
nated by contact with the public in protecting the perimeter,
this can be detected by the radiation surv ey personnel and
they can simply be decontaminated and return to protecting
the perimeter. As with all radioactive contamination issues,
the major exposure to avoid is inhaling or ingesting ra-
dioactive particles. Therefore, the security force would need
to avoid eating or drinking on the perimeter, and they could
consider wearing a face mask with an appropriate f ilter if a
concern for inhalation of particles on the perimeter is v eri-
fied by the radiation surv ey team. The degree of v erified
hazard would dictate the decision (to be made by the inci-
dent commander, not by the security personnel) of the de-
gree of force to be used at the perimeter. 

SEPARATION OF RADIATION INJURIES
AND “WORRIED WELL”

Because of the e xtensive trauma injuries in volved in nu-
clear weapons attacks, the precautions established for ad-
vanced trauma life support tak e precedence, of course,
over all considerations of the in volvement of radiation.
Although severe consequences have been reported on oc-
casion following exposure of first responders and medical
personnel to biologically and chemically contaminated
patients, there have been very few reports of medical per-
sonnel suffering ill ef fects from radiological contamina-
tion from patients. Upon consideration of the primac y of
trauma support issues, establishing the truth and extent of
radiation exposure is an essential initial process in pa-
tients potentially in volved in a nuclear or radiological
event (41). 

Because of the widespread and intense fear of radiation
in the public, it is likely that in many instances the “wor-
ried well,” or the uncontaminated and uninjured popula-
tion insistent upon treatment that the medical pro vider
will directly encounter, will far outnumber the actual nu-
clear/radiological-injured patients (42,43). Therefore, the
inundation of hospitals and other emer gency provider
sites with a mixture of real patients and w orried well will
require a rapid, accurate, and convincing protocol for de-
lineating the two groups. In the case of a nuclear attack in

a major urban area, it is concei vable the w orried well
would number in the hundreds of thousands or even in the
millions. Radiological attacks w ould generate f ar fewer
actual patients than nuclear weapon attacks, but the num-
ber of worried well could still be very high (44). 

HEALTH HISTORY CONSIDERATIONS

In the event of a nuclear weapon detonation, it is highly
likely that the health care system will be inundated with
severely injured patients, patients who will e xhibit injury
at a later date (but are not immediately obvious), and very
large numbers of w orried well. The health history w ould
be of critical benef it in delineating between these groups.
In the absence of a radiation surv ey, of course, the entire
subsequent treatment plan will depend on the history out-
come and analysis. The interviewer will have to establish
the immediate previous history of the individual as well as
current symptoms. In the e vent of an overwhelming num-
ber of w orried well, an initial intervie w using se veral
salient questions would be able to separate out lar ge num-
bers of these indi viduals who can be established as not
being in danger. For instance, with a nuclear weapon dis-
persion of radionuclides in the air, knowledge of the direc-
tion of the fallout plume will give the interviewer the abil-
ity to determine quickly whether e xposure was possible.
Having a large map available would allow a quick refer-
ence for these w orried well to be identif ied, perhaps even
in large groups. It would also be very useful to have a large
number of volunteers who are willing to spend time with
the groups of worried well, in order to comfort them, pre-
vent them from spreading their panic to others, and iden-
tify individuals within the group who may indeed ha ve
been exposed and require treatment or decontamination
(45). These volunteers need not be medical personnel or
municipal employees (fire, police) but average citizens
with good verbal skills, a minimal level of training on pro-
cedure and outcomes (which could be done on site), and
who will follow orders from legitimate authority. 

Many, perhaps even most, patients being examined for
potential radiation e xposure will not be e xpected to e x-
hibit significant symptoms at the time of presentation,
even if they received significant radiation exposure. This
is because of the characteristic delayed onset of symp-
toms following radiation exposure. As the delay of symp-
tom onset decreases (symptoms appear more rapidly), it
can be e xpected that the se verity of symptoms will in-
crease. There is therefore a real danger of missing the po-
tential exposure severity with an examination of only the
symptoms at hand. F ollow-up examination over the next
hours and days is essential to establishing the true nature
and extent of exposure. Establishing the time that individ-
uals were in a potential e xposure area is important, as
well as the potential for ingestion or inhalation of radioac-
tive materials. Because of the intense public fear of radia-
tion, it should be e xpected that considerable panic and
even exaggeration of symptoms are lik ely in a typical
population (46). However, all claims must be considered
and balanced with the likelihood of being in tandem with
an expected radiation exposure. 
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FEDERAL RESOURCES IN THE UNITED
STATES: COMMUNICATION AND
COORDINATION

Federal emergency response authorities are being coordi-
nated under the ne w Department of Homeland Security ,
which will have a series of notif ication requirements es-
tablished. There are separate responsibilities for the dis-
tinct federal agencies. The large number of agencies to be
notified in a radiation-related crisis (T able 18-4) may
seem daunting, but it is imperati ve that emer gency and
other health care responders understand the v arious fed-
eral responsibilities and lines of authority to be followed.
Unfortunately, many people in a disaster will not under-
stand these and can be e xpected to circumvent them and
advise others to do so. In most cases, the FBI, FEMA,
and the incident commander will inform people of the
proper notification requirements in a particular crisis, but
it is incumbent on response personnel to know who to no-
tify in order to maximize response and maintain compli-
ance with the law.

Whenever nuclear reactor materials are involved in the
crisis, the Nuclear Regulatory Commission (NRC) would
be contacted. This would involve the release (or potential
release) of radioactive agents directly from an operating
reactor or the dispersion of materials that originated from
a nuclear reactor (i.e., stolen reactor w aste, fuel rods).
One of the more frequently ignored federal notif ication
requirements is that of derangements with the transporta-
tion of nuclear materials. All transportation of nuclear
and other radioactive materials is strictly regulated by the
Department of Transportation (DOT), and any radiation
hazard that results from the release of an agent during or
following transport must be reported to the department.

There has been considerable concern v oiced over the
large-scale transportation of radioacti ve waste materials
for permanent b urial because the y could be intercepted
by terrorists desiring to use them in radiological terrorist
attacks. One of the most time-sensiti ve aspects of re-
sponding to a nuclear weapon attack or nuclear reactor
fire would be the distrib ution of iodide tablets to the af-
fected population. If iodide tablets are tak en within 12
hours (ideally within 4 hours) of e xposure to radioactive
iodine, the incidence of radiation-induced thyroid cancer
(especially in children) can be pre vented. The National
Pharmaceutical Stockpile (NPS), run by the Centers for
Disease Control (CDC), should be contacted immediately
for this and other emergency medical needs (Table 18-4). 

The actual weapons-grade nuclear materials are pro-
duced and owned by the Department of Ener gy (DOE),
which must be notif ied if any portion of them becomes
compromised in an y way. Tracking and monitoring of
these materials can also be pro vided by DOE in a crisis.
The operational nuclear weapons in the U.S. arsenal are
under the authority of the Department of Defense (DOD),
so any problem (or hint of a problem) with a weapon
would be reported to DOD. In most cases, the FBI or one
of the other agencies w ould contact the DOD whene ver
such a problem w as even suspected. Whenever foreign
nationals or people in contact with them are found to be
involved in any way with radioactive materials, the Cen-
tral Intelligence Agency (CIA) should be contacted. Es-
pecially in the current en vironment with dedicated Is-
lamic terrorists pursuing American targets, the CIA has
the responsibility of vigorously pursuing potential leads
to interdict these indi viduals before an e vent. Whenever
radioactive materials are released into the en vironment,
the Environmental Protection Agency (EPA) should be
contacted so of ficials can mak e plans to decrease the
spread of agents and remediate the existing hazard. 
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TABLE 18-4  Notification of Federal Agencies

NOTIFICATION OF FEDERAL AGENCIES

Terrorist attacks and all criminal activity with radioactive agents Federal Bureau of Investigation (FBI) 

Nuclear reactor materials (accidents or intentional use) Nuclear Regulatory Commission (NRC)

Transport of radioactive materials (hazards from legal or illegal transport) Department of Transportation (DOT)

Distribution of medicines in a crisis (i.e., iodide tablets) Centers for Disease Control (CDC)

Nuclear weapons materials (components, production materials) Department of Energy (DOE)

Operational nuclear weapons Department of Defense (DOD)

International citizens involved with radioactive materials and/or weapons Central Intelligence Agency (CIA)

Environmental contamination Environmental Protection Agency (EPA)

Mobilization of medical resources Federal Emergency Management Agency  (FEMA) 

Coordination of federal and local response to all major attacks Department of Homeland Security



TRIAGE AND TREATMENT OF NUCLEAR
AND RADIATION EVENT PATIENTS

The conventional triage system of immediate, delayed, min-
imal, and expectant can be used in nuclear/radiological
triage, with the additional modif iers of radiation dose (if
known) and onset of symptoms that aid in classif ication. If
the radiation dose is less than 150 rads, it can be e xpected
that the onset of prodromal symptoms will be in less than 3
hours, and patients may present in all four cate gories. If
doses increase beyond this range up to 450 rads, the onset of
symptoms could decrease to as little as 1 hour , and all cate-
gories but immediate will simply become e xpectant pa-
tients. Once the dose e xceeds 450 rads, nearly all patients
can be expected to be in the expectant category (47–49). At
these higher doses, all of these patients would likely present
prodromal symptoms in less than an hour (Table 18-5).

Nuclear and radiological medical treatment is similar to
other conventional trauma treatment approaches in that life-
threatening complications like airway blockage and shock
must be addressed before other issues, even radiological
concerns. Thus conventional trauma treatment tak es prece-
dence over all other priorities (T able 18-5), and the ATLS
protocols should be followed. The incident commander will
make corporate decisions about the relati ve importance of
decontamination, but it is likely that at least some initial ra-
diation survey will be done at the perimeter before the pa-
tient arrives at the site of the medical provider (50). Again, it
should be remembered that radioacti ve contamination does
not hold the immediate health hazard that toxic chemical
and contagious biological agents hold, and decontamination
is generally much easier to conduct.

TREATMENT OF RADIATION/THERMAL
BURN PATIENTS IN LARGE-SCALE EVENTS

The aspect of nuclear w ar casualties that might be the hard-
est to address appropriately in terms of patient outcome is
the overwhelming number of burn victims that will result. It
has been estimated that just one medium-sized nuclear
weapon will fill every burn bed in the eastern United States.
The speed with which b urn victims need to be treated to
avoid the high le vel of pain presented as well as to achie ve
survival is almost certain to preclude a successful transport
of large numbers (i.e., hundreds of thousands) of these pa-
tients to stationary current facilities capable of treating them.

About one out of eight burn victims will die as a direct result
of the event; slightly less than half will die of infection. Most
of the remainder will be lost as a result of or gan failure. The
high degree of mortality due to infection dictates the use of
antimicrobials. When feasible, the support of immune mech-
anisms of defense by the patient is also important. It is criti-
cal to eliminate reservoirs of infections on the patient as well
as ensure that the transfer of infection to other sites and to
other patients does not occur. Mafenide acetate cream can be
used to treat the b urns, which may be signif icant and cover
large areas. Standard burn approaches such as debridement,
surgical removal, and the use of skin grafts and co vering
with nylon fabrics can be employed depending on the patient
load and resources. In the Chernobyl e xperience, nearly all
victims with significant burns had received very high doses
of radioactivity (mostly firemen in close proximity to the re-
actor fire) and died (51,52). With a nuclear de vice detona-
tion, there is likely to be a more heterogeneous population,
and some portion of the b urn victims will ha ve received a
low enough dose of radioactivity to survive if their burns are
treated in time. 

The major problems in burn treatment for nuclear detona-
tion victims is going to be transport, time from injury to
treatment, and availability of trained personnel to enable
treatment. With only a handful of facilities even in peacetime
capable of handling severely burned patients, the prospect of
treating large numbers (i.e., thousands) requires a rapid e x-
pansion of b urn treatment capability in the vicinity of the
disaster and rapid transport to those sites. The key problem is
time because the burn victims will be in se vere pain during
the delay, and infection will be setting in during this interim
period. As mentioned, arrival of state and federal assets will
be delayed at best for hours, and perhaps days after the deto-
nation, and it is these assets that will be critical for lar ge-
scale burn treatment. F or this reason, many analysts ha ve
concluded that most severe and even moderately burned vic-
tims would perish before an adequate response can be
mounted. This was the case for the se verely burned firemen
and other workers coping with the Chernobyl nuclear disas-
ter. Therefore, it is essential that local authorities de vise
emergency response plans that mobilize b urn treatment, and
especially trained health care pro viders, rapidly on the im-
mediate periphery of a nuclear detonation disaster area.
Transport will also be v ery difficult in a de vastated urban
area. It is likely that most roads will have debris hindering or
even preventing the rapid mo vement of patients that w ould
be necessary. An organized helicopter transport system
would be useful, but the large number of likely victims might
overwhelm the capacity of this approach. 

An important point to stress, however, is that health care
providers should not write off burn victims as a group, and they
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TABLE 18-5  Triage Priorities for Combined Nuclear Weapon Injuries

1. Presence of trauma dictates the immediate need for medical care.
2. Burn victims must be categorized as to extent of burns, survival prospect, and resources.
3. Time of onset from nuclear detonation to prodromal symptoms (vomiting could be psychogenic).
4. Decline in lymphocyte count (when possible, use more than one value to determine a trend).
5. As always, the immediate availability of personnel dictates triage priority outcome.



should not just transfer all resources to other patients. The best
effort possible with existing personnel should be made, and the
most promising prospects for treatment selected, so some of
these victims survive. The incident commander and decision
makers should be a ware that burn treatment and radiation-in-
duced skin burns will be labor intensive, but with proper selec-
tion of patients for treatment a higher percentage of these b urn
victims will be sa ved than might be e xpected (53,54). With
careful management of the flo w of nonburn patients and their
providers, resources can be transferred where feasible to b urn
treatment, with the purpose of e xpanding capacity whenever
possible. Those patients classified as expectant should be given
pain relief, of course, as supplies are a vailable. Every effort
should be made to bring the immediate b urn victims to the
health care site, even if capacity seems to be saturated. With the
constant flux in resources and the arri val of new assets over
time expected as medical response unfolds, these patients
might be squeezed in if they are present.

TREATMENT STRATEGIES TO ENHANCE
ELIMINATION OF RADIONUCLIDE BODY
BURDENS

Once people have been exposed to radionuclides due to nuclear
weapon detonation or other radiological release, pharmaceuti-
cal approaches can be tak en to lower the amount of radionu-
clides taken up by the patient (Table 18-6). The intention is to
lower the relative risk to the patient by decreasing the subse-
quent body burden of the toxins that the patient will carry o ver
a lifetime. Therefore, it is not necessary in all e xposures that
these decorporation interventions be initiated during the med-
ical crisis response. Ho wever, once patients are in the care of
the medical pro vider, enhanced elimination could be used
when other response work requirements allow them. Note that
some analysts question the utility of some enhanced elimina-
tion strategies because there is limited human data to verify the
utility demonstrated in animal studies. Clearly, enhanced elimi-
nation approaches should be used only when high le vels of ra-
dionuclide uptake can be substantiated.

Following a nuclear weapon detonation or with a nuclear re-
actor fire (like Chernobyl), very large amounts of radioactivity
will be released into the air, including both particulate and gas-
eous radioactive iodine. These radioactive agents will be in-
haled and ingested by lar ge numbers of people in the radioac-
tive plume, which may have long-term health consequences.
Following the Chernobyl nuclear disaster, when over 100 mil-
lion curies of radioactivity were released (100 times as much as
the Hiroshima and Nagasaki atomic bomb detonations com-
bined), thousands of people contracted radiation-induced thy-
roid cancer years later (55,56). The real tragedy of this occur-
rence was that it w as almost totally pre ventable. The Soviet
authorities did not issue potassium iodide tablets until 72 hours
after the reactor fire issued radioactive iodine into the air (radio-
active iodine is much more of a hazard for a nuclear reactor f ire
than for a nuclear detonation), by which time they were useless. 

It is a v ery time-sensitive mandate that the successful re-
sponse must ha ve iodide tablets issued to radiation-e xposed
people within 4 hours after the initiation of e xposure, and no
later than 12 hours after e xposure begins. The iodide tablets
bind up all sites within the thyroid before the radioactive iodine

arrives at the target site, and because no other organ in the body
utilizes iodine, all subsequently inhaled/ingested radioiodine
will simply be eliminated. The most critical population to be
reached are children because the majority of radiation-induced
thyroid cancer cases have appeared in patients who were chil-
dren or teenagers at the time of e xposure. Therefore a major
priority of the security personnel, those in patient registration,
the decontamination squads, radiation survey teams, and health
care responders in the first hours after the release of radioactiv-
ity suspected of radioiodine content is to distrib ute the iodide
tablets. After more than 12 hours ha ve elapsed, this priority is
eliminated entirely. It should be noted that some indi viduals
may enter the radioactive plume or become exposed to a radio-
logical release later than others, so knowledge of when the
plume has moved over the area the patient w as in may justify
issuing iodide tablets in time periods later than 12 hours fol-
lowing detonation or initiation of radiological agent release.

Plutonium and the transuranics (artif icially made elements
that are heavier than uranium, including plutonium, americium,
neptunium, and curium) are kno wn to be highly toxic in hu-
mans, with very long half-lives. The use of chelators to remove
them could be justified depending on the relative degree of ex-
posure. The agent diethylenetriamine pentaacetic acid (DTPA)
has been shown to remove 90% of the soluble plutonium (even
from bone, the major sink for plutonium in humans) from an
exposed individual if gi ven within 1 hour of e xposure (57).
Some of the more soluble transuranics can also be remo ved
using DTPA, although not as ef ficiently. The calcium (Ca)-
DTPA would be used if given early (i.e., 1 hour) after exposure
for maximum efficacy. Subsequent doses after this initial Ca-
DTPA dose or if the f irst dose is gi ven hours after e xposure
would utilize zinc-DTPA (in order to lower the risk of zinc de-
pletion). Cesium forms a sizable portion of the radioacti ve
components formed by nuclear and radiological e vents, so it
can be expected to be taken up by most people who are in the
vicinity of these events. Because it is an efficient gamma emit-
ter, scanning for multiple radionuclide exposures is often really
based on the cesium e xposure that has occurred. Insoluble
Prussian blue has been shown to be effective in binding cesium
in the intestinal tract and decreasing the cesium physiological
half-life in the body (58). The Prussian blue itself is not ab-
sorbed, but it can cause gastrointestinal disturbances at doses
exceeding 20 grams/day (Table 18-6). 

A daily dose of 300 mg of potassium iodide is recom-
mended for 7 to 14 days to pre vent the uptake of radioiodine.
As noted previously, the dose needs to be initiated within 12
hours following the initiation of the exposure of the individual
(not necessarily since radiation release). The World Health Or-
ganization recommends lo wer daily doses, with 100 mg for
adults, 50 mg for children (3 to 12 years), 25 mg for infants (1
month to 3 years), and 12.5 mg for neonates (birth to 1 month).
Increased removal of tritium operates under the simple princi-
ple of increasing w ater intake to 4 liters/day , which has been
shown to reduce the tritium physiological half-life by up to
half. A reduction in absorption of o ver 80% in radiostrontium
uptake has been sho wn following 100 ml of aluminum phos-
phate (59).Additional oral administration of ammonium chlo-
ride enhances this removal rate. A significant removal of ura-
nium has been shown by the alkalinization of urine (increased
to a pH of 7.5 to 8) with sodium bicarbonate (60). This also
serves to protect the indi vidual from uranium-induced renal
toxicity. Supplemental augmentation with potassium chloride
may also be used. 
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QUESTIONS AND ANSWERS

1. Which of the following is FALSE?
A. The initial phase of an attack with weapons of

mass destruction is known as the crisis manage-
ment phase, and the lead federal agency is the
Central Intelligence Agency (CIA).

B. After the initial crisis management period has
transpired, disasters are categorized as moving
into the consequence management phase, in which
primary responsibility moves to the Federal Emer-
gency Management Agency (FEMA).

C. Many patients being examined for potential radia-
tion exposure will not be expected to exhibit sig-
nificant symptoms at the time of presentation,
even if they received significant radiation exposure.

D. The National Pharmaceutical Stockpile (NPS) is
run by the Centers for Disease Control (CDC) and
should be contacted immediately after a nuclear
attack to distribute pills that may prevent the ulti-
mate development of thyroid cancer.

E. Actual weapons-grade nuclear materials are pro-
duced and owned by the Department of Energy
(DOE), which must be notified if any portion of
them becomes compromised in any way.

2. Which of the following has been shown to remove
90% of soluble plutonium (even from bone, the major
sink for plutonium in humans) from an exposed indi-
vidual if given within 1 hour of exposure?

A. Diethylenetriamine pentaacetic acid (DTPA)
B. Potassium iodide
C. Aluminum phosphate
D. Diethyldithiocarbamate
E. Calcium EDTA

3. Which of the following is FALSE?
A. The actual incidence of teratogenicity resulting

from radiation exposure has been highly overrated,
based on numerous historical radiation exposures
worldwide.

B. Regarding the penetration potential of various
radiations: gamma and neutron radiation have
the highest penetrating power (i.e., through
walls), beta is less penetrating (i.e., most will
not pass all of the way through the body), and
alpha particles will not even penetrate a piece of
paper.

C. With a large nuclear weapon in a major urban
area, several hundred thousand serious burn vic-
tims could be presented to the medical response
community. The intense flash of visible light at
detonation can by itself cause the ignition of
fires as well as external flash burns in humans.

D. Delayed radiation exposures can occur when
people encounter materials that have been in-
duced to become radioactive by neutron and
gamma radiation.

E. It is expected that state and especially federal
response assets will be on the scene of a nuclear
attack within hours or even minutes of an attack.

4. If ____________ tablets are taken within 12 hours
(ideally within 4 hours) of exposure to radioactive io-
dine, the incidence of radiation-induced thyroid can-
cer (especially in children) can be prevented.

A. Strontium chloride
B. Potassium iodide
C. Calcium carbonate
D. Levoxyl (T4)
E. Potassium chloride

ANSWERS
1: A. The initial phase of an attack with weapons of mass de-

struction is known as the crisis management phase, and the
lead federal agency is the Central Intelligence Agency
(CIA).

2: A. Diethylenetriamine pentaacetic acid (DTPA)
3: E. It is expected that state and especially federal response as-

sets will be on the scene of a nuclear attack within hours
or even minutes of an attack.

4: B. Potassium iodide
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TABLE 18-6   Pharmaceutical Intervention Strategies

Calcium-DTPA Early doses after exposure to more soluble transuranics†, plutonium

Zinc-DTPA Subsequent doses, late administration to transuranics,† plutonium

Insoluble Prussian blue Cesium

Potassium iodide* Radioactive iodine, Technetium

Radiostable water Tritium

Aluminum phosphate, ammonium chloride Radiostrontium

Sodium bicarbonate, potassium choride Alkanization of urine (pH of 7.5 to 8) for removal of uranium

* Potassium iodide must be orally administered within 1 to 4 hours to be maximally effective; if more than 12 hours has elapsed since exposure, it
will be of dubious value.

† The transuranics are artificially made elements that are heavier than uranium, including plutonium, americium, neptunium, and curium. They
are all alpha emitters.
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Nuclear Power Plant Disasters
Wilfredo Rivera

NAME OF AGENT

Nuclear Power Plant Disaster

THEORETICAL AND SCIENTIFIC
BACKGROUND

The first successful nuclear detonation took place in Ne w
Mexico in July 1945 as part of the “Manhattan Project” in
the United States. Ten years later in June 1955, the first nu-
clear reactor was unveiled by the former So viet Union in a
town called Obninsk, 60 miles south of Mosco w. Since the
conception of the nuclear bomb and nuclear powered plants,
terrorism associated with these has been a concern of go v-
ernments and individuals all over the world. After the events
on September 11, 2001, in the United States, the concern of a
terrorist attack to nuclear power plants, with subsequent dis-
persal of radiation, has increased significantly. 

Radiation dispersal can be achie ved by several mecha-
nisms. The ultimate dispersal method is by the detonation of
a nuclear weapon (Chapter 18). This will result in explosive
destruction along with the massi ve dispersal of radioacti ve
material, depending on the magnitude of the bomb. The use
of conventional explosives mixed with radioactive material
is another type of dispersal mechanism (Chapter 17). The
use of liquid radioisotopes to be dispersed in the w ater sup-
ply of certain cities has also been considered a possible
threat although the amount of material needed to cause
large-scale illness is so large that experts believe that this is
not a feasible method for an event. The psychological impli-
cations of this type of threat are perhaps the most significant
and may af fect a lar ge number of people in a gi ven area
(1,2). Alternatively, an attack on a f ixed nuclear facility or
on radioactive material in transit may disperse radioacti ve
material in a local region and is considered a possibility in a
terrorist attack (2). 
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TABLE 19-1   U.S. Nuclear Power Plants in Operation

STATE NUMBER OF NUCLEAR PLANTS

Alabama 2
Arizona 1
Arkansas 1
California 2
Connecticut 1
Florida 3
Georgia 2
Illinois 6
Iowa 1
Kansas 1
Louisiana 2
Maryland 1
Massachusetts 1
Michigan 3
Minnesota 2
Mississippi 1
Missouri 1
Nebraska 2
New Hampshire 1
New Jersey 3
New York 4
North Carolina 3
Ohio 2
Pennsylvania 5
South Carolina 4
Tennessee 2
Texas 2
Vermont 1
Virginia 2
Washington 1

United States Nuclear Power Plants currently in operation as reported
by the U.S. Nuclear Regulatory Commission as of December 2002.



Nuclear power plants are found in multiple locations
around the w orld. The United States currently has o ver
100 commercial nuclear power reactors in operation as re-
ported by the Nuclear Re gulatory Commission (T able
19-1). Nuclear po wer plants of dif ferent types are also
found in many other parts of the w orld (Table 19-2). The
widespread distribution of these power plants enhances the
concern of the threat of terrorism. Each nuclear po wer
plant contains multiple sites where radiation could be re-
leased. The reactors contain radioactive material that could
lead to radiation exposure to surrounding areas if not con-
tained in the e vent of a meltdo wn. These nuclear po wer
plant facilities also house storage f acilities for spent fuel
that can also provide a target for terrorists. Such f acilities
may vary from spent fuel pools to under ground storage in
containers that are more highly resistant to direct impact
from munitions and from aircraft impacts akin to the at-
tack on the World Trade Center in 2001.

Nuclear safety is a very high priority in all of these power
plant facilities. Several incidents have occurred where power
plant emergencies have occurred (Table 19-3). With each of
these events, communicating risk to the public has become a

critical feature of the response. A method for grading these
incidents has become widely accepted. Figure 19-1 sho ws
the International Nuclear Event Scale (INES), a tool created
to communicate and report to the public in common terms
when an event has happened in any nuclear power plant (Fig.
19-1). The scale is di vided into seven levels with the lo wer
ones described as incidents and the upper le vels termed “ac-
cidents.” Most events involving nuclear power plants in his-
tory have been described as incidents, and only a handful
have met accident criteria. In this chapter we will focus on
two main accidents, Chernobyl and Three Mile Island. The
Chernobyl accident is considered the w orst nuclear po wer
plant accident in history because it had signif icant health ef-
fects, in both the immediate area surrounding the plant and
other countries surrounding Chernobyl. Although contro-
versy exists about the health ef fects of the Chernobyl acci-
dent, much of the literature supports that the ef fects on thy-
roid cancer and other diseases ha ve been signif icant
following the accident in the areas adjacent to the plant and
also remote areas downwind from the accident (3–12).

TYPES OF REACTORS

Energy production by con ventional and nuclear po wer
plants is very similar. The difference is the substrate for the
production of heat. Con ventional power plants use fossil
fuel, oil, gas, or coal to produce heat, which in turn is used
to produce po wer. Nuclear po wer plants use dif ferent ra-
dioactive materials with a controlled reaction to produce
heat, and this heat is used to produce power. 

Nuclear power plants have been controversial since the
beginning of the nuclear era. These issues and worries inten-
sified after the September 11, 2001, attack on the landmark
towers in New York City in the United States. Nuclear facil-
ities have implemented multiple redundant systems to en-
sure their safety. In the United States, nuclear power plants
are designed with the idea that the deeper nuclear material is
placed in the structure, the safer the structure is. F ailure of
three specific barriers is needed before a release of radioac-
tive material would occur. Fuel rods are lined by steel and
buried inside the reactor with the reactor coolant
system/pressure vessel that has steel w alls about 9 inches
thick. The containment building surrounds these structures
and is constructed of concrete 3 to 5 feet thick. These facili-
ties are designed to withstand the impact of hurricanes and
airborne objects with very substantial force (13–16).

In 2002, a study based on a computer model found that
the structures that house the nuclear reactor fuel (including
the dry storage containers) will protect against the release of
radiation even if they are struck by a lar ge commercial jet-
liner (14). Sandia National Labs used an F-4 Phantom jet
and hit a similar structure at 480 miles per hour. The jet was
completely destroyed, and the maximum penetration to the
concrete wall was 2.4 inches. Spent fuels are stored in dif-
ferent locations in dry storage canisters b uilt and tested to
withstand extremely severe impacts that include f ire, hurri-
canes, earthquakes, and other extreme forces (14,17).

Throughout the w orld, several types of nuclear po wer
plants are used for ener gy production. The most common
types are light water reactors, which are divided into pres-
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TABLE 19-2   «Nuclear Power Plants in Operation
around the World as Reported by
the Nuclear Energy Institute

COUNTRY NUMBER OF NUCLEAR PLANTS

Argentina 2
Armenia 1
Belgium 7
Brazil 2
Bulgaria 4
Canada 14
China 7
Czech Republic 6
Finland 4
France 59
Germany 19
Hungary 4
India 14
Japan 54
Lithuania 2
Mexico 2
Netherlands 1
Pakistan 2
Romania 1
Russian Federation 30
Slovak Republic 6
Slovenia 1
South Africa 2
South Korea 18
Spain 9
Sweden 11
Switzerland 5
Ukraine 13
United Kingdom 27
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TABLE 19-3   Nuclear Power Plant Disasters in History

YEAR LOCATION EVENTS

1952 Dec 12 Chalk River, near Ottawa, Canada A partial meltdown of the reactor’s uranium fuel core resulted after
the accidental removal of four control rods. Although millions of 
gallons of radioactive water accumulated inside the reactor, there 
were no injuries. 

1957 Oct. 7 Windscale Pile No. 1, A fire in a graphite-cooled reactor spewed radiation 
north of Liverpool, England over the countryside, contaminating a 200-square-mile area.

1976 Near Greifswald, East Germany The radioactive core of reactor in the Lubmin nuclear power plant
nearly melted down due to the failure of safety systems during a fire.

1979 March 28 Three Mile Island, near Harrisburg, One of two reactors lost its coolant, (so the radioactive fuel to 
Pennsylvania overheat,) which caused a partial meltdown. Some radioactive 

material was released.

1986 April 26 Chernobyl, near Kiev, former USSR An explosion and fire in the graphite core of one of four reactors 
released radioactive material that spread over part of the Soviet Union,
Eastern Europe, Scandinavia, and later Western Europe. Thirty-one 
were claimed dead. Total casualties are unknown, but estimates run 
into the thousands. It is the worst such accident to date.

1999 September 30 Tokyo, Japan Workers added seven times the required amount. Radiation was 
released to the surrounding areas. The three workers performing the 
operation were exposed to high levels of radiation and were treated. 
Thirty-nine workers were exposed in total.

1 ANOMALY

2 INCIDENT

3 SERIOUS INCIDENT

4 ACCIDENT WITHOUT
SIGNIFICANT OFF-SITE RISK

5 ACCIDENT WITH OFF-SITE
RISK

6 SERIOUS ACCIDENT

7 MAJOR ACCIDENT

0 NO SAFETY SIGNIFICANCE

ACCIDENT

INCIDENT

DEVIATION

Figure 19–1. International nuclear event scale.



surized water reactors and boiling w ater reactors; hea vy
water reactors; and graphite-moderated reactors. Other
types of reactors are used in e xperimental installations and
submarines, but they are beyond the scope of this chapter .
Pressurized water reactors (PWRs) and boiling w ater reac-
tors (BWRs) are the tw o reactors currently used in the
United States. PWRs k eep water under pressure, but this
water does not boil. The water from the reactor heats up the
water in the steam generator , which in turn produces steam
to power the turbine. These two never mix, so any radioac-
tive materials  stay in the reactor area (Fig. 19-2). With boil-
ing water reactors, the water boils inside the reactor, which
causes the turbines to revolve. The steam is converted back
to water in the condenser and is pushed back to the reactor .
The water is allowed to boil in the reactor, but the pressures
are much smaller in this type of reactor than the y are in
PWRs (Fig. 19-3).

Another type of reactor is the RBMK, which is a Russian
acronym for Reactor Bolshoi Moschnosti Kanalynyi; it uses
a graphite moderator (Fig. 19-4). The world’s first nuclear
power plant in Obninsk was of this type. The coolant is boil-
ing water, like the BWR. The Chernobyl reactor is a reactor
of this type. The major advantage of these reactors is the
massive amounts of po wer that can be achie ved but its
major disadvantage is that the core is so lar ge that it is very
difficult to control. After the Chernobyl accident the use of
RBMK reactors was discontinued in the United States.

MAJOR NUCLEAR INCIDENTS

THREE MILE ISLAND, PENNSYLVANIA, 1979

The Three Mile Island station is located on 814 acres of an
island near the state capital at Harrisburg, near Middletown,
Pennsylvania. The reactor is a pressurized light w ater reac-
tor (Fig. 19-2). The site consists of four reactors, and the ac-

cident occurred in the number two reactor. A combination of
equipment malfunctions and human error led to a loss of
coolant, which precipitated the emer gency events. It re-
mains the most significant accident at a U.S. nuclear po wer
plant to date.

On March 28, 1979, at approximately 4:00 A.M. a failure
was experienced in the secondary section of the plant. An
undetermined failure caused the main pumps that run w ater
to stop running. This in turn prevented the steam generators
from removing heat. As a result, the turbine and then the re-
actor automatically shut do wn causing the pressure in the
primary system to increase. The pressurizer relief v alve
opened to prevent the pressure to continue rising and be-
come dangerous. This valve should ha ve reclosed after a
certain pressure w as reached, but it ne ver did, and there
were no signals a vailable to the operators to alert them of
this situation. In addition to these occurrences, the emer-
gency feedwater system was tested 42 hours prior to the ac-
cident. This test consists of closing a valve and then reopen-
ing it at the end of the test. This time, for an unkno wn
reason, the valve was not reopened, which prevented the
emergency water feeding system from functioning. After
several minutes, this malfunction w as discovered, and the
valve reopened allo wing cooling w ater to flo w into the
steam generators. The pressure in the primary system con-
tinued to rise, and voids, areas where no w ater is present,
began to form in portions of the system where they were not
supposed to be. Consequently , the water was redistributed
and caused a false reading that the system was full of water.
The operators then stopped pumping w ater in a system that
needed water to cool down the fuel in the reactor because of
this false reading in the instrumentation. As a result, the nu-
clear fuel overheated to the point where some of the long
metal tubes or jack ets that hold the nuclear fuel pellets
(made of zirconium) reacted with the w ater and generated
hydrogen. This hydrogen was released into the reactor con-
tainment building. Two days after the start of the e vents,
some hydrogen remained, forming a “hydrogen b ubble”
above the reactor core. The concern at this point was that the
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Figure 19–2. Pressurized water reactor.



hydrogen could expand and interfere with the flo w of cool-
ing water through the core if the reactor pressure decreased.
The bubble was reduced by degassing the pressurizer. 

The primary damage to the reactor occurred two to three
hours into the accident. Although the fuel did not melt
through the floor beneath the containment (the classic idea
of meltdown) or through the steel of the reactor v essel, a
significant amount of fuel did melt inside the reactor . Ra-
dioactivity inside the reactor v essel increased dramatically,
and some small leaks occurred in the coolant system. This
caused the radiation levels in other parts of the plants to reg-
ister as elevated, and some minimal release occurred to the
environment. Shortly after, some water leaked to the base-
ment of the reactor b uilding. This water condensed in the
walls passing through the concrete and layers of iron that
became corroded (18).

Initially, it was believed that the main threat after the acci-
dent was the release of radioactive cesium and iodine. It was
concluded that the main threat was the release of noble gases
into the atmosphere with the main one being xenon-133 (19).

MANAGEMENT AFTER THE INCIDENT

The Three Mile Island incident has been described as a lo-
gistical failure with respect to the management of the acci-
dent. The information was leaked in the ne ws and was not
consistent from one agenc y to the other. The evacuation of
people living in the vicinity of the plant including hospitals
and patients was a major point in the discussions at the time.
The county closest to the area, Dauphin, had a plan to evac-
uate a 5-mile radius around the plant. As days went by, the
plans were e xpanded, and the radius w as increased to 20
miles. Hospitals in the area be gan a massive effort to de-
crease admissions and to discharge patients who were not in
critical condition (20,21).

At the same time, discussions began on how to supply
potassium iodide (KI) to the people surrounding the area. At
the time of the accident, there were enough doses of KI for a
few thousand people but not nearly enough for the popula-

tion around the neighboring city , Harrisburg, Pennsylvania.
After a massive effort, with the help of the U.S. Air Force
and a pharmaceutical compan y, 237,000 family-sized bot-
tles, 250,000 droppers, and 250,000 patient information
sheets were assembled in a Harrisburg warehouse ready for
distribution just 72 hours after the accident. No dose w as
given, and no bottles were ever distributed (20,21).

Several days after the accident w as controlled it was de-
termined that no need for massi ve evacuation was needed.
This accident resulted in many changes for the Nuclear Reg-
ulatory Commission. One of the man y lessons learned w as
that preparing for a possible nuclear accident is v ery com-
plex and the multitude of agencies involved needs a central-
ized figure to direct all efforts. 

CHERNOBYL, UKRAINE, 1986

The Chernobyl reactors are of the RBMK type (Fig. 19-4).
Fourteen RBMK systems are still in operation in the former
Soviet Union. There are four reactors at Chernobyl: Unit 4
reactor was destroyed in the 1986 accident; Unit 2 reactor
was shut down five years later, after a serious turbine build-
ing fire; Unit 1 w as closed in No vember 1996. Because of
energy shortages, Unit 3 continued operation until Decem-
ber 2000 (22).

The Chernobyl power station is located in the Ukraine,
one of the Soviet Union’s most productive regions for agri-
culture. It is 130 km north of Kie v, capital of the Ukraine,
with a population of more than 1,000,000 people. The town
of Chernobyl is 12 km to the southeast of the plant. The
town of Pripyat, with a population of more than 40,000, is
immediately northwest of the plant. The plant is located
close to the Prip yat River, which is a trib utary of the
Dnieper, the second largest river in southern Russia (23). A
modest-sized concrete shell surrounded the reactor; ho w-
ever, multiple pipes for the cooling system passed through
the shell, possibly weakening the structure.

On April 25, 1986, a scheduled service shutdo wn was
started. The objective was to determine how long the decel-
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erating turbines would spin and supply power to some of
the reactor’s emergency systems. Similar tests had al-
ready been carried out at Chernobyl and other plants, de-
spite the fact that these reactors were kno wn to be v ery
unstable at low power settings. Operators disabled auto-
matic shutdown mechanisms and withdre w most of the
control rods for the purpose of the e xperiment. A series
of nuclear chain reactions caused the reactor po wer out-
put to drop. The operators reduced the flow of coolant to
stabilize steam pressure. A feature kno wn as “positi ve
void coefficient,” a feature of RMBK reactors, can pro-
duce a power surge if cooling w ater is lost. Because of
the positive void coefficient, a huge power surge resulted.
It is theorized that the reactor may ha ve reached more
than 1 million me gawatts. It w as originally designed to
operate at only 3,200 megawatts (24). 

As a result of the uncontrolled reaction steam, pres-
sure was building up in the coolant w ater area, and the
core temperature rose mark edly. The fuel elements rup-
tured, bringing them in contact with water, which in turn
caused more steam and increased the pressure. The steam
pressure at the plant went to between 100 and 500 times
the maximum le vels it w as designed for , and lifted a
1,000-ton cover plate, turned it on its side, and ripped
open the reactor, leaving the hot core exposed to the envi-
ronment (25). Air rushed in, coming in contact with the
graphite and causing it to b urst into flames. Experts dis-
pute the character of this second explosion. 

Ten days of ef forts were needed to bring the disaster
under control. Lead, sand, clay, and boron in e xcess of
5,000 tons were dropped in the area by helicopters to con-
tain the fire. Authorities made no announcement of the dis-
aster until two days later, resulting in delayed e vacuation
and possible increased problems in adjacent areas (22).

The accident destroyed the Chernobyl Unit 4 reactor
and killed 30 people, 28 of whom died from radiation ex-
posure. Another 209 individuals on site were treated for
acute radiation poisoning; among these, 134 cases were
confirmed, all of whom reportedly reco vered. Nobody
off-site suffered from acute radiation ef fects. However,
large areas of Belarus, Ukraine, Russia, and beyond were
contaminated in varying degrees. 

It is estimated that all of the x enon gas, about half of
the iodine and cesium, and at least 5% of the remaining
radioactive material in the Chernobyl Unit 4 reactor core
were released in the accident. Most of the released mate-
rial was deposited close by as dust and debris, but the
lighter material w as carried by wind o ver the Ukraine,
Belarus, Russia, and to some extent over Scandinavia and
Europe. Most of the casualties were among the f irefight-
ers, including those who attended the initial small f ires
on the roof of the turbine building. All these were put out
in a few hours. 

After extinguishing the fire, the next task was cleaning
up the radioactivity at the site so that the remaining three
reactors could be restarted, and the damaged reactor
could be shielded more permanently. About 200,000 peo-
ple (“liquidators”) from all over the USSR were involved
in the recovery and cleanup during 1986 and 1987. It is
estimated that this group may ha ve received high doses
of radiation at around 100 millisie verts (mSv). Some
20,000 of them recei ved about 250 mSv , and a fe w re-
ceived 500 mSv. Later, the number of liquidators swelled
to over 600,000, but most of these later participants re-
ceived only low radiation doses (22,23).

Many children in the surrounding areas were e xposed
to radiation doses suf ficient to lead to thyroid cancers.
These are usually not fatal if diagnosed and treated early
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Figure 19–4. RBMK reactor.



(5,6). Initial radiation e xposure in contaminated areas
was due to short-li ved iodine-131; later cesium-137 w as
the main hazard (both are fission products dispersed from
the reactor core). On May 2–3 (7 days after the accident),
some 45,000 residents were e vacuated from within a 10-
km radius of the plant, notably from the plant operators’
town of Pripyat. On May 4, all those living within a 30-
km radius—an additional 116,000 people—were e vacu-
ated and later relocated. About 1,000 of these have since
returned unofficially to li ve within the contaminated
zone. Most of those evacuated received radiation doses of
less than 50 mSv , although a fe w received 100 mSv or
more (26). 

In the years following the accident, 210,000 more peo-
ple were resettled into less contaminated areas, and the
initial 30-km-radius e xclusion zone (2,800 km 2) was
modified and extended to cover 4,300 km2. Psychosocial
effects among those af fected by the accident are emer g-
ing as a major problem and are similar to those arising
from other major disasters such as earthquak es, floods,
and fires (1,23,27). 

MANAGEMENT FOLLOWING THE
CHERNOBYL INCIDENT

The Chernobyl Nuclear Power Station was equipped with a
medical center with a wide array of instrumentation and
personnel needed to treat patients. Most of the instruments
used for detecting radiation were lost in the e xplosion, so
the triage of patients was made based only on clinical signs
and symptoms. The emergency medical plan for this type of
accident in the So viet Union specified three levels of care:
rescue and first aid at the plant site; emergency treatment at
regional hospitals; and definitive evaluation and treatment at
a specialized center in Moscow (28). 

Most of the patients were initially sent to Kie v for treat-
ment. The government radiation disaster team arri ved ap-
proximately 10 hours after the accident. Subsequently 129
seriously injured patients were transported to Hospital 6 in
Moscow, an institution specializing in the treatment of radi-
ation injuries (23). The magnitude of this accident required
a large number of workers and hospital beds to treat the in-
jured. Hundreds of workers were called to assist in the ini-
tial response, in addition to the more than 500 w orkers al-
ready in the plant including technicians, firefighters, and
support personnel. The initial triage and decontamination
was performed on site before transport to other f acilities.
Victims received large doses of radiation in addition to
burns and traumatic injuries. Attempts were made to treat
these patients with techniques that were not fully developed
and were still undergoing research. Bone marrow transplan-
tation was attempted in patients that recei ved more than 6
Gy, which resulted in almost a 100% death rate. Of the 203
victims hospitalized, 30 died of different causes (28).

The third phase of medical response in volved the arrival
of medical teams from outside of the region. This phase was
started after initial e valuation and def initive treatment,
within days of the accident. Approximately 450 medical
brigades were or ganized and sent to Chernobyl from all
parts of the Soviet Union. More than 5,000 medical person-
nel were activated for this part of the treatment (28). The
mission of these brigades w as to evaluate and treat patients

who were not signif icantly injured but who required man-
agement in one of the main treatment f acilities in the sur-
rounding area.

Potassium iodide was readily available for use during the
accident. A total of 90,000 people received KI from the on-
site personnel 1.5 hours after the accident; residents of
Pripyat were given KI 6.5 hours after the accident; and the
rest of the population within a 30-km radius recei ved KI
during the first days of May. The use of KI in nuclear inci-
dents is discussed in more detail later in this chapter.

Due to increased winds and rain during the accident
days, the spreading of radioactive material to adjacent areas
was increased. The day after the incident (April 27), in-
creased air radioactivity was detected in Poland (300 miles
away from the accident). By 10 A.M. on April 28, all Polish
monitoring stations reported air, soil, and water contamina-
tion, and a 24-hour emergency alert was initiated. Air sam-
ples showed over 80% of contamination being iodine iso-
topes. No conf irmation of this incident w as received in
Poland until late on April 28. After soil, air, and water levels
were taken, officials concluded that important threshold ra-
diation levels (above 50 mSv) were exceeded. Given the fact
that these towns were mainly agricultural centers and con-
sumed most of its products, large-scale prophylaxis with KI
was started in children 16 years of age and younger . Al-
though some thyroid uptak e was believed to have already
occurred by the time prophylaxis could be started, stable io-
dine was still considered to be useful to protect against the
continuing contamination resulting from Chernobyl (6). Be-
cause the cancer risk for adults w as believed to be low, and
because some side effects might be anticipated, iodide pro-
phylaxis was not recommended for adults. The mass media
was used to alert the population and to look for v olunteers
for the nationwide distribution. They banned the feeding of
cows with fresh pasture, and children under 4 were provided
with powdered milk for consumption until the le vels in the
atmosphere and soil were normal. People, especially chil-
dren and pregnant and lactating women, were encouraged to
eat a minimal amount of fresh v egetables. A total of 10.5
million doses of KI were given to children, with 90% of the
under-16 group receiving the iodide tablets. In spite of the
recommendations for adults not to receive iodine, 7 million
doses were taken by adults.

ROLE OF POTASSIUM IODIDE

Radioactive fallout in the immediate vicinity of a nuclear re-
actor is introduced into the body predominantly through inhala-
tion. Radiation is absorbed into the body f astest via this route
of exposure. Particles then may be deposited in the soil, water,
and vegetation, subsequently being ingested by humans and
animals several days after f allout. For example radioiodines
can appear in cow’s milk within 5 to 10 hours of contamination
of their fodder , with peak concentrations by 36 to 48 hours
postingestion (3,11). Thus the issue of maintaining a supply of
prophylaxis is important not only for those in the immediate
area surrounding a reactor but also to the people in more distant
communities near the reactor sites, who may be at risk of con-
tamination from food and water.
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Radioisotopes of iodine are produced in fission reactions,
and after an accident in a nuclear reactor several of them will
be released to the environment. There are 24 isotopes of io-
dine 117I to 140I all of which are radioacti ve except 127I
(11,29). Iodine-132 to iodine-135 are produced in greater
yields than iodine-131, which has the longest half-life (ap-
proximately 8 days).

Different factors influence the absorption of radioacti ve
iodine into the thyroid gland. These include dietary intake of
iodine and previous thyroid disease (e.g., Grave’s disease).
The presence of food in the gastrointestinal (GI) tract also in-
fluences the rate of absorption into the bloodstream. After
exposure, the iodine is absorbed into the blood and then
taken up by the thyroid gland over a long period of time. One
study demonstrated that radioactive tracer is measured in the
neck approximately 3 minutes after oral administration of
131I (11). In euthyroid subjects, a single ingestion of radioac-
tive iodine results in a saturation plateau at 10% to 40% of
the total iodine ingested with maximum accumulation
reached by 36 to 48 hours (3,9,11). 

Potassium iodide is a thyroid-blocking agent. The salt sat-
urates the thyroid gland with stable iodine, which in turn will
stop the absorption of further iodine hence blocking the ab-
sorption of radioacti ve iodine. The reports of blockade of
thyroid absorption of radioactive iodine are varied in the lit-
erature. Some reports sho w that if KI is gi ven 12 hours be-
fore the e xposure to radioiodine, 90% blockade can be
achieved; however, if it is gi ven 24 hours before, there is
only 70% blockade. Reports also vary from 98% blockade if
prophylaxis is given at the same time of e xposure to 60%
blockade if prophylaxis is given after 3 hours to 40% block-
ade if it is given 8 hours after exposure, with the approximate
time of blockade duration being 48 to 72 hours (3,9,11).

RESPONSE TO AN ACCIDENT

Nuclear power plants in the United States are mostly pri-
vately owned facilities that are required to adhere to strict
regulatory measures imposed by dif ferent agencies. The
Nuclear Regulatory Commission (NRC) is one of the agen-
cies responsible for the regulation of U.S. commercial nu-
clear power plants. They are responsible for licensing and
evaluating the different power plants across the nation. Li-
censing of a nuclear po wer plant facility requires that the
safety of the plant be up to national standards and that an
emergency plan is in place in each of these f acilities. The
Federal Emergency Management Agency (FEMA) has de-
veloped guidelines and plans in accordance with the NRC
to give specific guidelines on how to respond to a nuclear
power plant accident. These plans are state-specif ic and
have specific guidelines depending on the magnitude of
the incident or accident. 

The NRC/EPA Task Force Report on Emergency Plan-
ning (NUREG 0396, EPA 52011-78-016) delineates and
describes the dif ferent steps to be tak en in case of a nu-
clear power plant accident. The risk area associated with a
nuclear power plant accident is di vided in two geographi-
cal areas designated Emer gency Planning Zones (EPZs).
These define the areas for which planning is needed to en-
sure that prompt and ef fective actions are taken to protect

the health and safety of the public. These EPZs are in the-
ory a circle centered on the po wer plant and may change
depending on such characteristics as topography and spe-
cific landmarks. A short-term area or “plume e xposure
pathway” includes everything within a 10-mile radius of
the power plant. This area’s risk includes whole body in-
jury from e xposure to gamma radiation and other injury
from inhalation of radioactive material. 

The other EPZ is the long-term ingestion exposure path-
way, which includes everything within a 50-mile radius of
the power plant. The risks in this area are whole-body and
thyroid injury from ingesting water and food supplies con-
taminated with radioactive materials. These general guide-
lines must be modified in each specific event. In the case of
the Chernobyl accident, the ingestion e xposure pathway
extended well be yond 300 miles from the nuclear po wer
plant site. This was demonstrated in the Polish e xposures
seen after the accident as explained in the previous section.
For this reason, the exposure areas depend on the extent of
the accident, the atmospheric conditions, and the specif ic
conditions of the terrain in the different areas. 

In the event of an accident, the response will be directed
by a multitude of agencies. The initial response has to be
within the power plant itself in that it must identify the ac-
cident and notify the local and state agencies of the f act
that an accident has occurred. NUREG-065/FEMA-REP-
1, an article describing nuclear po wer plant accident re-
sponse from FEMA and the NRC, states that “Normally,
the State emergency management organization will be the
primarily responsible for the response planning required
for the ingestion pathw ay EPZ” and that “an appendix to
the State or local emer gency plan must address the pro vi-
sions that have been made to detect contamination, imple-
menting procedures, prepare maps for secondary surv eys,
implement evacuation etc. as well as an y requests for fed-
eral assistance.”

Important parts of the emer gency plan include public
warning, emergency public information, evacuation, mass
care areas, and resource management. In the event of a nu-
clear power plant accident, initial evaluation and care of
workers and people living close to the plant is expected. A
plan has to be in place for the e valuation and care of these
immediate patients in conjunction with the management of
the accident itself. The care of emergency personnel work-
ing in the relief efforts in the accident is also a crucial part
of this emer gency plan. Coordination with se veral local,
state, and federal agencies must be in place for the under-
taking of patient management and possible e vacuation
zones and routes for the immediate or plum EPZ. F or the
ingestion EPZ, other agencies and concerns must be un-
dertaken to examine the possibility of e vacuation or pro-
phylaxis with potassium iodide.

The management of a nuclear power plant disaster needs
the intervention of local, state, and federal agencies. Every
location with a nuclear power plant has a plan in the e vent
of an accident, as required by the NRC to be licensed. The
medical management of these e vents will be as an y other
mass casualty event. The Radiation Emergency Assistance
Center/ Training Site (REACT/TS) provides support to the
U.S. Department of Ener gy, the World Health Or ganiza-
tion, and multiple international agencies in the medical
management of possible radiological accidents. 
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RESOURCES

1. Nuclear Energy Institute Web site: http://www.nei.org
2. Nuclear Regulatory Commission (NRC) Web site:

http://www.nrc.gov
3. Radiation Emergency Assistance Center/Training Site

(REAC/TS) Web site: http://www.orau.gov/reacts/

QUESTIONS AND ANSWERS

1. Which of the following statements is FALSE?
A. The first successful nuclear detonation took

place in New Mexico in July 1945 as part of 
the Manhattan Project in the United States. 

B. The United States currently has over 1,000 
operating commercial nuclear power reactors.

C. Nuclear power plant accidents are a very rare oc-
currence, and contemporary designs have more
safety features than their predecessors.

D. Most events involving nuclear power plants in
history have been described as incidents, and
just a handful have met accident criteria.

E. Throughout history, several nuclear power plant
incidents have occurred, and most of these have
not had any effect on the population, with no 
radioactive material having been exposed.

2. Which of the following regarding the Chernobyl accident
is  FALSE?
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SUMMARY

Nuclear power plant accidents are a v ery rare
occurrence, and history has shown that nuclear power
plants have generally been safe to operate. The two
major power plant disasters in history are discussed
here. One of these, the Chernobyl incident, had
significant health implications to humans around
surrounding areas. The major causative factor in the
Chernobyl event is no w believed to ha ve been the
faulty construction of a reactor that should not ha ve
been in operation in an y part of the w orld (23,27).
Because of the great number of po wer plants around
the globe and the v ariety of designs, there is still a
possibility of another accident of great magnitude
happening. It is believed that the robust construction of
the U.S. nuclear po wer plants will pre vent these
accidents, but debate still e xists in the literature
(2,16,30). 

The release of radioactive material will be varied
and specific to the reactor fuel being used in the
specific plant. After an accident, the major concern is
the release of radioactive isotopes that may travel for
many miles and present a radiation hazard f ar from
the immediate areas surrounding these po wer plants.
The release of radioactive iodine from the site of the
accident is still considered to be responsible for the
increase in the incidence of thyroid cancer in Belarus
(7,8,10–12). The cause of the increased intak e of
radioactive iodine in the population of Poland and
areas surrounding Chernobyl do wnwind from the
accident is believed to be a combination of f actors
including dietary intak e and not necessarily the
“cloud” of radioactive material (11,19). In this
instance, the use of a thyroid-blocking agent may be
effective in protecting the incorporation of radio-
active iodine into v arious organs, especially the
thyroid. The use of potassium iodide for this purpose
is still debated in the literature, but it is widely stored
for use in the event of a nuclear power plant incident
(3,5,6,9,11,12,31,32). 

Nuclear power plants are still considered a prime
target for terrorists by man y experts. In the United
States, the strict requirements for construction and
management of these plants should enable them to
withstand many threats. The possibility of leakage of
radioactive material to adjacent areas in the e vent of a
terrorist attack cannot be excluded. For this reason, the
regulatory commissions and government agencies are
working diligently to make this threat negligible.

Some of the most important issues to remember are
listed in Table 19-4. 

TABLE 19-4 Key Features of Nuclear Power Plant 
Disasters

1. Pressurized water reactors (PWR) and boiling water reactors
(BWR) are the two reactors currently used in the United
States. 

2. The emergency medical plan for a nuclear incident includes
rescue and first aid at the plant site, emergency treatment at
regional hospitals, and definitive evaluation and treatment at
specialized centers.

3. The issue of maintaining a supply of potassium iodide (KI)
prophylaxis is important not only for those in the immediate
surroundings of a reactor but also to the people in more dis-
tant communities near the reactor sites, who may be at risk of
contamination from food and water.

4. The risk area associated with a nuclear power plant accident
is divided into two geographical areas designated Emergency
Planning Zones (EPZs). They define the areas for which
planning is needed to ensure that prompt and effective ac-
tions are taken to protect the health and safety of the public.

5. Important parts of the emergency plan include public warn-
ing, emergency public information, evacuation, mass care
areas, and resource management.

Each state and agency has designated a team of respon-
ders who, in the case of an emer gency, will take over the
management of the emer gency site, and local plans must
be identified in each area in order to be in volved in the
management of these cases. 

http://www.nei.org
http://www.nrc.gov
http://www.orau.gov/reacts/


A. The Chernobyl accident is considered the worst nu-
clear power plant accident in history because it had
significant health effects in the immediate area sur-
rounding the plant and also other countries surround-
ing Chernobyl.

B. The Chernobyl accident killed 30 people, including
28 from radiation exposure. The main casualties
were among the firefighters, including those who at-
tended the initial small fires on the roof of the turbine
building. 

C. Nobody off-site from the Chernobyl accident suf-
fered from acute radiation effects; 1.5 million resi-
dents were evacuated from within a 10-km radius of
the plant.

D. The release of radioactive iodine from the site of the
accident is still considered to be the responsible for
an increased incidence of thyroid cancer in Belarus.

E. The most recent and authoritative UN report has con-
firmed that there is no scientific evidence of any sig-
nificant radiation-related health effects to most peo-
ple exposed to the Chernobyl disaster.

3. Which of the following statements is FALSE?
A. There are several types of nuclear power plants used

for energy production around the globe. 
B. Light water reactors are divided into pressurized

water reactors and boiling water reactors.
C. Heavy water reactors and graphite-moderated reac-

tors are the two reactors currently used in the United
States.

D. The main threat after the Three Mile Island accident
was the release of radioactive cesium and iodine.

E. RBMK is a Russian acronym for reactor bolshoi
moschnosti kanalynyi and is a reactor in which its
moderator is graphite. The world’s first nuclear
power plant in Obninsk was of this type.

4. Radiation dispersal can be achieved by several mecha-
nisms. Which of the following statements is FALSE?

A. The ultimate dispersal method is the nuclear weapon. 
B. The use of conventional explosives mixed with ra-

dioactive material is considered to be another type of
dispersal mechanism. 

C. The use of liquid radioisotopes to be dispersed in the
water supply of certain cities is also considered a
possible threat. 

D. The amounts of liquid isotope material needed to cre-
ate a successful terrorist water supply attack could be
stored in an 8-ounce lead can.

E. An attack on a fixed nuclear facility or on radioactive
material in transit may disperse radioactive material
and is considered a possibility in a terrorist attack.

ANSWERS
1: B. The United States currently has over 1,000 operating com-

mercial nuclear power reactors.
2: C. Nobody off-site from the Chernobyl accident suffered from

acute radiation effects; 1.5 million residents were evacu-
ated from within a 10-km radius of the plant.

3: C. Heavy water reactors and graphite-moderated reactors are
the two reactors currently used in the United States.

4: D. The amounts of liquid isotope material needed to create a
successful terrorist water supply attack could be stored in
an 8-ounce lead can.
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Types of Explosions and 
Explosive Injuries Defined
Richard Linsky and Adam Miller

The worldwide escalation of violence, both civilian and
military, demands that medical personnel and f irst re-
sponders be prepared to deal with the consequences of

bombings. Explosions serv e terrorist goals well. They are
dramatic and gain immediate public attention, creating chaos
and mass hysteria. Bombings are not only meant to kill and
maim, but to strike fear in those remo ved from the event it-
self. Despite widespread concerns re garding biological and
chemical attacks, conventional and improvised explosive de-
vices are by f ar the most commonly utilized terrorist
weapons. According to FBI statistics, there were 12,216
bombings in the United States between 1980 and 1990,caus-
ing 1,782 injuries, 241 deaths, and almost $140 million of
property damage. Between 1990 and 1994, there were 8,567
bombings and nearly 2,000 additional bombing attempts, the
majority of which involved pipe-bomb-type devices (1). Sui-
cide bombings in Israel are increasing e xponentially, with
107 suicide bombings between 2000 and 2003 (2).

In most bombings, many more are injured than killed.
For example, the 1993 bombing of the World Trade Center
in New York City killed 6 but injured over 1,000. The truck
bomb detonated outside the Murrah Federal Building in Ok-
lahoma City in 1995 killed 168 and injured o ver 750. In
1998, the bombing of the U.S. embassy in Nairobi killed

253 and created a staggering 5,000 casualties. The large
numbers of casualties generated can easily o verwhelm any
local medical system. 

Explosions cause a unique form of barotrauma, known as
primary blast injury, which affects principally the air -filled
organs in the body. The violent forces created also cause all
types of penetrating and blunt injuries, termed secondary
and tertiary blast injuries, which are more f amiliar to med-
ical personnel. The number of casualties and the severity of
their injuries varies depending on the type of attack, size of
the explosive charge, and whether located in a conf ined or
open space (3). Impro vements in prehospital trauma care
and EMS systems ha ve allowed more bombing victims to
arrive at the medical center with signs of life (3). This chap-
ter discusses types of e xplosive devices, blast physics, and
the pathophysiology and management of blast-related in-
jury, focusing on the organ systems most at risk.

TYPES OF EXPLOSIVE DEVICES 

Many bombs manufactured by terrorists are relatively unso-
phisticated “improvised explosive devices,” or IEDs, made

Explosives and 
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using readily obtainable materials such as agricultural fertil-
izer or household cleansers. Recipes for such homemade
bombs abound on the Internet. The pipe bomb, the most
common type of improvised terrorist bomb, consists of low
explosives inside a tightly capped piece of metal pipe, often
wrapped with nails or scrap metal to cause even more harm.
The Molotov cocktail is another easily constructed terrorist
weapon that can cause considerable damage. Materials such
as gasoline, diesel fuel, kerosene, ethyl or methyl alcohol,
lighter fluid, or turpentine are placed in a glass bottle, which
is thrown and breaks upon impact. A piece of cotton serves
as a fuse, which is ignited before the bottle is thro wn at the
target (4). 

More sophisticated e xplosive devices generally contain
three basic elements: a trigger, a fuse, and the main charge.
Various triggering mechanisms may be employed, including
motion detectors, photoelectric cells, time switches, radia-
tion triggers, and remotely controlled electronic signals.
Once triggered, the fuse is acti vated and the main char ge 
ignited. 

Common high explosives include TNT, C4, PETN, and
dynamite. High explosives can be mix ed with plasticizers
such as oil or wax to create soft, hand-malleable substances
called plastic explosives, or plastique. Terrorists frequently
employ plastic explosives because of their ease of conceal-
ment, and they have been the predominant weapons used in
aviation-related terrorism incidents (5). Only 312 grams of
the plastic explosive SEMTEX, connected to a battery and
a barometric trigger mechanism, and small enough to be
hidden inside a portable cassette player , was responsible
for the destruction of P an Am Flight 103 o ver Lockerbie,
Scotland, in 1988.

An explosion is caused by the rapid chemical conversion
of the main charge into a gas with resultant violent release
of energy. Explosives are classified as “high” or “low,” de-
pending on the speed with which the y release that ener gy.
Low explosives, such as flash po wder or gunpo wder, re-
lease energy relatively slowly via a process called deflagra-
tion. The low explosives exert more of a pushing or heaving
effect and are generally used as propellants. 

By contrast, high explosives undergo detonation when
initiated, an almost instantaneous transformation of the
original explosive material into gases f illing the same v ol-
ume and therefore under e xtremely high pressure (6). The
highly pressurized gases e xpand rapidly and compress the
surrounding medium, generating a pressure pulse that is
propagated as a blast wave in all directions. It is this instan-
taneous rise in pressure that gi ves high-explosive blast
waves the unique characteristic of brisance, or shattering
ability. The rapidity with which an e xplosive reaches its
peak pressure is a measure of its brisance. Lo w explosives
do not release energy fast enough to demonstrate brisance. 

PATHOPHYSIOLOGY OF BLAST INJURY

Although the physics are comple x, a blast wave has three
basic components: an extremely short burst of increasing
pressure, a longer phase of negative pressure, and a massive
movement of air called the blast wind. An idealized blast
wave is depicted in Figure 20-1. During the positi ve-pres-

sure phase, the blast front moves away from its point of ori-
gin at supersonic speeds. Under ideal conditions, the blast
front is spherical and propagates outw ard equally in all di-
rections. This positive-pressure phase, much more powerful
than the negative phase, is responsible for the majority of
the damage. The magnitude of the positi ve phase impulse,
the peak overpressure, is the primary determinant of the
severity of blast injury . The overpressure needed to cause
blast injury to the lung is approximately 40 pounds per
square inch (psi). More than half of all victims will suf fer
pulmonary damage with pressures of 80 psi or more; o ver-
pressures exceeding 200 psi are uniformly fatal (7). 

The peak overpressure is governed largely by three fac-
tors: (a) the size of the e xplosive charge, (b) the distance
from the detonation, and (c) the surrounding medium (air
or water). The larger the charge, the greater the peak over-
pressure will be and the longer its duration. With the com-
mon high e xplosives used in ci vilian terrorist bombs, the
duration of the positi ve-pressure impulse is 2 to 10 mil-
liseconds (8). Small bombs that may be carried by hand or
in a parcel may contain up to 30 pounds of e xplosives; car
bombs may contain up to 500 pounds or more (9). The size
of the truck bomb used in Oklahoma City in 1995 has been
estimated to be about 4,000 pounds. The truck bomb that
destroyed the Al Khobar Towers in Saudi Arabia in 1996
detonated with an estimated lik ely yield of more than
20,000 pounds of TNT-equivalent explosives. The 1998
bombing of the U.S. embassy in Nairobi w as deadly b ut
fairly small by comparison, equivalent to 3 metric tons of
TNT. The 1993 World Trade Center bomb had the e xplo-
sive power of about 2,000 pounds of TNT. 

The peak o verpressure at an y given point is in versely
proportional to the cube of the distance from the blast. As
blast waves travel outward, their velocity and pressure fall
off rapidly and e ventually deteriorate into acoustic w aves
(10). As a result, casualties must be relati vely close to the
detonation, or the explosion must be of great magnitude, to
make significant primary blast injury a lik ely finding in
survivors (11). As a point of reference, an explosive charge
equivalent to 20 kilograms of TNT that detonates more
than 6 meters away from the body is unlik ely to cause sig-
nificant blast injury to the lung (7). 

Because water is essentially incompressible, a blast wave
will be transmitted with greater speed and intensity and over
a longer range than the same blast wave in air (9). Underwa-
ter blast injuries are more pre valent at any given distance
(12), and the lethal range of an underw ater explosion is far
greater than a similar open-air blast (13). The presence of
reflecting or absorbing surfaces, such as walls or other peo-
ple, will alter the peak o verpressure. When reflected by a
solid surface, a blast wave can be magnified many times the
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Figure 20–1. Idealized high-explosive blast wave as it passes
over a fixed point in space.



original incident pressure. Victims who are near walls, large
solid objects, or corners can ha ve injuries se veral times
greater than what w ould be e xpected for an y given blast
pressure (14). A recent Israeli study reported that mortality
was 8% in open-air terrorist bombings but 49% in enclosed-
space bombings. Similarly, the incidence of primary blast
injury in enclosed spaces w as twice that of open-air bomb-
ings. Body armor may protect from penetrating injury b ut
acts like walls surrounding the thorax and can potentiate the
blast effect (15). Animal studies have shown that intratho-
racic pressure is generally higher in those wearing ballistic
vests (15). The negative-pressure phase of the blast w ave
follows immediately after the positive phase and lasts about
10 times as long. The mass movement of air away from the
blast epicenter creates an area of lo w pressure, rarely ex-
ceeding –1 atmosphere. The suction ef fect generated re-
verses the direction of the blast wind and pulls debris into
the area, causing additional damage and injury (9).

Although the ultimate clinical presentation depends on
whether an explosion occurs in open or conf ined quarters,
open air, or water, the pattern of injury inflicted on the
body is relati vely consistent (3). As a blast w ave passes
through the body , it causes damage by se veral different
mechanisms: spalling, implosion, inertia, and pressure dif-
ferentials (9). Spalling occurs at tissue interfaces when par-
ticles from a denser medium are thro wn into a less dense
medium as a blast w ave passes through. In the lungs, for
example, particles of liquid are spalled into the alv eolar
space, much as water is thrown into the air in an underw a-
ter explosion (9). Blast waves passing through organs con-
taining pockets of gas, such as the middle ear or the si-
nuses, cause implosion of the air pock et, followed by a
rebound expansion once the w ave has passed. Because air
is easily compressible by a passing blast w ave but fluid-
containing tissues are not, pressure differentials develop at
such air-fluid interfaces, causing shear forces that tear and
disrupt tissues. Lastly, the inertia imparted from the force
of the blast wind may propel a victim against a stationary
object, causing injury on impact (9).

CLASSIFICATION OF BLAST INJURIES

Injuries caused by e xplosives have traditionally been di-
vided into primary , secondary, and tertiary blast injuries,
and miscellaneous or quaternary injuries. Primary blast in-
jury is a form of barotrauma, unique to explosions, which
causes damage to air -filled organs: the lungs, the gastroin-
testinal tract, and the auditory system. Secondary blast in-
jury refers to penetrating trauma caused by the acceleration
of shrapnel and other debris by the blast wind. Tertiary blast
injury is caused by the displacement of the body by the blast
wind, with typical patterns of blunt trauma occurring on
forceful impact with a solid object or the ground. 

PULMONARY BLAST INJURY

The hallmark of primary blast injury is damage to the respi-
ratory system, or “blast lung,” and is manifested by varying
degrees of pulmonary contusion and barotrauma. The extent

of pulmonary pathology is directly proportional to the v e-
locity of chest-w all displacement by the incoming blast
wave (16), which in turn is dictated by the size of the explo-
sive charge, distance from blast epicenter, orientation of the
thorax in relation to the blast w ave, and geography of
nearby reflecting surfaces. Injury tends to be w orse on the
side of approach of blast waves in open air but is usually bi-
lateral or diffuse when the victim is located in a conf ined
space (17).

As a blast wave propagates through the chest, enormous
pressure differentials are generated at interf aces between
media of different densities (8,13) resulting in alveolar tears
and vascular disruption. There is also evidence from rat lung
models that subtle biochemical changes and free-radical-
mediated oxidative stresses contribute to blast-induced in-
jury (18,19). Pleural or subpleural petechiae are the mildest
pathological findings (17,20). Higher ener gy stress w aves
conducted deeper into the lung can cause subpleural hemor-
rhage where the blast front f irst contacted the chest wall, as
well as near the diaphragm and mediastinum, where reflec-
tions and summations of stress w aves occur (7,21). Ev en
more powerful blast impulses cause large parenchymal tears
and stripping of small airway epithelium (22). Communica-
tion between the airw ays and the pleural space can lead to
simple or tension pneumothorax, hemothorax, traumatic
emphysema, and alveolo-venous fistulae, which, in the al-
ready compromised lung, will precipitate even more rapid
respiratory failure. Unfortunately, the need for early posi-
tive-pressure ventilation to treat such patients with rapidly
progressing respiratory failure can aggravate the situation,
increasing the risk for both tension pneumothorax and air
embolism (3).

Clinically, blast lung injury can appear v ery similar to a
pulmonary contusion from blunt chest trauma b ut without
associated rib fractures or chest w all injury (13,23). This is
rarely seen in the absence of other secondary or tertiary e x-
plosion injuries. Lik e blunt pulmonary contusion, gas ex-
change is impaired at the alv eolar level, and the degree of
respiratory insufficiency depends on the e xtent of hemor-
rhage. Signs and symptoms of primary pulmonary blast in-
jury may include dyspnea, difficulty completing sentences
in one breath, rapid shallow respirations, poor chest wall ex-
pansion, cough, hemoptysis, decreased breath sounds, and
wheezes. 

SYSTEMIC AIR EMBOLISM

A dreaded complication of primary pulmonary blast in-
jury is the development of arterial air embolism, thought
to be responsible for most of the sudden deaths that occur
within the f irst hour after blast e xposure (24). The true
incidence of systemic air embolism is unkno wn. Only
those with clinical evidence of blast lung injury seem to
be at risk, with a greater incidence follo wing explosions
in confined spaces (25). 

Large blast impulses passing through the lung can cause
hemopneumothoraces, traumatic emphysema, and vascular
disruption (6). Air emboli result from the direct communica-
tion created between the traumatized pulmonary airspace
and vasculature. Such communication can de velop at an y
time after a blast injury, either directly from the blast or as a
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complication of therap y for respiratory f ailure (24). Nor-
mally, in a patient with spontaneous respirations, the airway
pressure remains lower than the pulmonary venous pressure.
After blast trauma, states of low pulmonary venous pressure
(hypovolemia) or high airw ay pressure (positi ve-pressure
ventilation, coughing, or tension pneumothorax) may cause
the pressure gradient to re verse, allowing air to enter the
pulmonary circulation (26-28) and to be systemically dis-
seminated. One of the f irst animal studies linking air em-
bolism with blast lung injury subjected a dog to a near -
lethal air blast. Showers of carotid air emboli were detected
for 30 minutes after injury (29). Animal experiments have
also demonstrated coronary air emboli in rats dying imme-
diately following a blast (9).

Obstruction from air bubbles may occur in an y vascular
bed. The passage of air bubbles causes a transient precapil-
lary block and arterial spasm, dilatation, stasis, and is-
chemia (9). Air emboli to the heart or brain are thought to be
the most common cause of rapid death solely caused by
blast injury in immediate survi vors (30-32). The introduc-
tion of as little as 2 milliliters of air into the cerebral circula-
tion can be fatal (33,34). Likewise, as little as 0.5 to 1 milli-
liter of air injected into a pulmonary v ein can cause cardiac
arrest from coronary air embolism (35). 

Clinical manifestations of systemic air embolism depend
on the location of embolic occlusion and on the de gree of
resultant ischemia. Air embolism is often heralded by a
rapid decompensation immediately follo wing intubation
and positive-pressure ventilation (36); such collapse is usu-
ally unresponsive to con ventional resuscitation (37). He-
moptysis, suggesting communication between pulmonary
blood vessels and the airw ay, was seen in 22% of cases of
systemic air embolism in one large series (38). Other symp-
toms include blindness due to air in retinal v essels, focal
neurological deficit or loss of consciousness following cere-
bral obstruction, and chest pain from coronary obstruction
and myocardial ischemia. Air emboli to the skin may pro-
duce a reddish-blue mottling discoloration called li vido
reticularis. Tongue blanching and pharyngeal petechiae may
be seen. An arterial blood gas sample may appear frothy
with air b ubbles, and EKG may re veal arrhythmias or is-
chemia (39). In those with lung trauma, the combination of
hemoptysis and circulatory or CNS dysfunction immedi-
ately after initiation of positive-pressure ventilation is suffi-
cient to mak e the pro visional diagnosis of systemic air
embolism (27).

GASTROINTESTINAL (GI) BLAST INJURY

Gas-containing abdominal structures are injured in a similar
manner as the lungs (17), but such injuries are frequently
occult and o vershadowed by the more immediately life-
threatening manifestations of pulmonary blast injury (24).
Military studies have found that in open-air bombings, GI
injury occurs with the same frequenc y as lung injury (40)
and at lower pressures following blasts in enclosed spaces
(41). Victims of underwater explosions seem to be at a much
greater risk for GI injury, especially if treading water or par-
tially submerged (39). 

Blast injury tends to affect the colon more often than the
small bowel, owing to the greater amount of air in the for-

mer. Damage may range from edema to hemorrhage to
frank rupture. Rupture is commonly delayed 24 to 48 hours,
after stretching and ischemia have weakened the bowel wall
(42). Tangential shear waves affecting the liver, spleen, and
kidneys have been described, causing subcapsular pe-
techiae, contusions, lacerations, or rupture (39,43). Ho w-
ever, nonbowel or solid organ injuries seen following explo-
sions are f ar more lik ely to occur from the ef fects of
secondary or tertiary blast injury (8). Signs and symptoms
of GI blast injury are nonspecif ic and include abdominal
pain, nausea, vomiting, diarrhea, tenesmus, absent or de-
creased bowel sounds, rebound tenderness, guarding, or
frank rectal bleeding.

AUDITORY BLAST INJURY

The ear is designed to amplify ambient sound w aves, and
the thin tympanic membrane is directly e xposed to the sur-
rounding air. It is not surprising that blast injury to the audi-
tory system occurs much more commonly and at much
lower overpressures than do pulmonary or GI blast injury .
As a frame of reference, extremely loud acoustic w aves,
such as those generated at a concert, are generally less than
0.04 psi. Ov erpressures of at least 1 to 8 psi are needed
to cause tympanic membrane rupture (44,45), whereas the
threshold for lung injury is typically upw ard of 50 to
100 psi. 

Blast waves are kno wn to cause conducti ve, sensori-
neural, and mixed hearing defects. Conducti ve loss is usu-
ally caused by rupture of the tympanic membrane, although
ossicular chain disruption may also be seen (24). Such de-
fects are rarely found in isolation, however; most casualties
will invariably suffer some de gree of concomitant sen-
sorineural hearing loss (46). Blast-related inner ear damage
due to transient cochlear dysfunction can cause acute sen-
sorineural hearing loss, often accompanied by tinnitus,
which can be quite incapacitating in the moments following
an explosion (24). Vertigo and balance disorders ha ve also
been described but are thought to be more lik ely secondary
to blunt head injury than primary auditory damage (47). 

Although tympanic membrane rupture is objecti ve evi-
dence of significant exposure to blast overpressure and was
once thought to be an effective marker for occult pulmonary
or GI blast injury , a recent Israeli study demonstrated no
significant correlation. In f act, no patients with isolated
tympanic membrane rupture later de veloped evidence of
lung or GI pathology (48).

SECONDARY BLAST INJURY

Secondary blast injury, caused by shrapnel and displaced
debris, is responsible for the majority of casualties result-
ing from an explosive event, partly because victims do not
have to be close to the blast epicenter to be injured. In f act,
blast winds channeled by an alle yway or corridor can be
magnified substantially (49), causing significant secondary
blast injury to those distant from the epicenter. Shrapnel in-
juries have been reported in 20% to 40% of blast victims,
with an increased incidence in enclosed spaces (50). In-
juries from all types of missiles ha ve been described, al-
though in the urban setting, glass has been the most com-
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mon hazard (9). Terrorists often deliberately pack small
metal objects such as nails, bolts, and screws around an ex-
plosive charge in an attempt to increase shrapnel injuries;
military shell casings are specifically designed to fragment
to achieve a similar goal. These irregularly shaped missiles
are generally of high mass and therefore high kinetic en-
ergy. The kinetic energy is dissipated rapidly along w ound
tracts to produce se vere tissue destruction (51). Such
wounds are usually hea vily contaminated. At missile
speeds of 15 meters per second (m/s), skin may be lacer-
ated; at speeds of 120 m/s and above, body penetration and
significant tissue damage can occur (9). A detonation caus-
ing a peak overpressure of 5 psi, just strong enough to rup-
ture half of exposed tympanic membranes, may generate a
blast wind of up to 70 m/s (156 mph) (6), a speed that, al-
though not sustained, can exceed that of most hurricanes
(52). A blast wind sufficient to cause primary lung injury in
a significant number of casualties may exceed 400 m/s (895
mph) (6). Most conventional military explosives can propel
fragments with initial v elocities reaching 1,500 m/s (53).
Secondary blast injuries were a signif icant cause of mor-
bidity in the Oklahoma City bombing; the Murrah Build-
ing’s glass facade shattered and was propelled over an area
of many city blocks. Similarly , in the 1998 U.S. embassy
bombing in Nairobi, flying glass wounded people up to 2
km away (52).

TERTIARY BLAST INJURY

Tertiary blast injury is a feature of high-ener gy explosions
and occurs when the individual becomes the missile. A high
explosive blast wind may propel a 75 kilogram adult with an
acceleration of close to 15 G’ s. Typical patterns of blunt
trauma and deceleration injury are seen when casualties are
thrown against a solid object or the ground. Blunt head in-
jury is a leading cause of death in blast victims. Tertiary
blast injury accounted for most of the pediatric casualties in
the Oklahoma City bombing because children are lighter
and more easily displaced by blast wind. There was a high
incidence of skull fractures, closed head injuries, and long-
bone fractures.

QUATERNARY (MISCELLANEOUS) BLAST
INJURY

A variety of other blast-related injuries have been described.
Ocular injuries from flying debris are v ery common after
explosions. Injury can be e xtensive and can involve all tis-
sues of the e ye, the ocular adnexa, and the orbit, including
simple corneal abrasions, lid lacerations, global rupture,
retinal detachment, intraocular foreign bodies, and orbital
fractures. Retinal air embolism is also a potential cause of
visual disturbance. A review of ocular injuries sustained by
survivors of the 1995 Oklahoma City bombing found an 8%
overall incidence of ocular injury , with 71% of injuries oc-
curring within 300 feet of the point of detonation. The Mur-
rah Building’s glass f acade, shattered by the blast, ac-
counted for two-thirds of all ocular injuries (54).

Musculoskeletal injuries will be seen in almost all blast
casualties. Fractures may occur in an y extremity, are often
associated with extensive soft tissue injury, and are typically

heavily contaminated. Traumatic amputations, thought to be
due to bone-shattering blast w aves and near -simultaneous
high-velocity blast winds (55), are rarely seen in survi vors.
Only 1% to 2% of blast victims who survi ve will ha ve a
traumatic amputation, and its presence, evidence of expo-
sure to extreme overpressures, is highly suggestive of other
severe injuries (9). Crush injuries and rhabdomyolysis are
among the most frequent injuries seen when e xplosions
cause structural collapse, falling debris, and displaced heavy
objects.

Cardiovascular injury following an explosion is usually
secondary to lung damage or coronary air emboli. However,
a vagally mediated direct blast ef fect, causing a triad of
bradycardia, hypotension, and apnea, has been described in
rat models. This response w as attenuated after sur gical
vagotomy (56) and not seen at all follo wing directed ab-
dominal blasts (57). It has been postulated that this vagal re-
flex can contribute to those cases of shock seen immediately
after an explosion (58). Other studies in rats demonstrated a
variety of EKG disturbances from v entricular extrasystoles
to ventricular fibrillation; all abnormalities reverted to sinus
rhythm within minutes except in fatally injured rats (57). 

Flash burns may result from the short-li ved but intense
blast heat, which can reach 3000°C (59). In the absence of
secondary fires, such burns usually occur only in those clos-
est to the blast and are generally superf icial and confined to
exposed areas of the body . Burns to the upper respiratory
tract are uncommon with small bombs (3). Deeper or more
extensive burns may occur if the clothes ignite. Fires occur-
ring in enclosed spaces may cause carbon monoxide,
cyanide, or particulate inhalation, further complicating the
clinical picture. This was a particular problem in the 1993
bombing of the World Trade Center, when a large number of
victims suffered from smoke inhalation. 

Often overlooked, psychiatric problems are among the
most common sequelae following explosions. One large se-
ries reported a 58% incidence of poste vent psychological
problems among males and 82% among females (60). A
French study of 254 survivors of terrorist attacks (including
20 separate bombings) documented posttraumatic stress dis-
order in 10.5% of uninjured, 8.3% of moderately injured,
and 30.7% of severely injured casualties; major depression
was seen in 13.3% of all victims (61). One animal study has
demonstrated blast-induced cognitive and memory def icits
(62). A variety of biochemically mediated ef fects on the
central nervous system suggest that direct neuronal blast in-
jury could be responsible for some aspects of what is no w
considered to be posttraumatic stress disorder (63). Radia-
tion exposure from a dirty bomb is also a potential compli-
cating factor (see Chapter 17).

EPIDEMIOLOGY

Most of the injuries seen after high e xplosive detonations
will be conventional blunt and penetrating trauma directly
produced by the e xplosion and flying missiles. Soft tissue,
orthopedic, and head injuries predominate in most larger se-
ries (64-69). A large Israeli series found that although pri-
mary blast injuries were not the most common type of in-
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jury overall, they were the most common severe injury seen
in survivors of suicide bombings (3). Explosions in confined
spaces are associated with a much higher incidence of pri-
mary blast injury , with more se vere injuries and with a
higher mortality rate in comparison with e xplosions in the
open air. An Israeli study of 297 victims of four suicide
bombings found a 7.8% mortality rate in open-air bomb-
ings, but a 49% mortality rate follo wing bombings that oc-
curred on a b us (an enclosed space). Similarly , the 77.5%
incidence of primary blast injury follo wing bus bombings
was double the incidence in open-air bombings (48). Sec-
ondary blast injury also occurs with a higher incidence in
enclosed spaces (50).

The spectrum of pediatric injuries seen after a bomb blast
is poorly documented, and only limited data exist. The only
large series describes the injuries seen in the 19 pediatric fa-
talities and 47 survi ving casualties of the 1995 Oklahoma
City bombing. The pediatric patients sustained a high inci-
dence of cranial injuries, fractures, and traumatic amputa-
tions. Intraabdominal and thoracic injuries occurred fre-
quently in the deceased but infrequently in survivors (70).

The number of fatalities seen after an explosion seems to
be more closely related to the type of attack rather than to
the amount and type of e xplosives used (71). Injuries ob-
served among fatalities of Israeli suicide bombings include
crush injury (38%), significant penetrating injury (25%),
burns (15%), limb amputation (11%), and decapitation (5%)
(3). One of the largest series to date, providing a study pop-
ulation of 3,357 casualties from 220 incidents w orldwide,
found that although head injuries predominated in both im-
mediate (71%) and late (52%) f atalities, injury to the ab-
domen carried the highest specif ic mortality rate (19%)
among immediate survivors (60).

Compared to other mechanisms of trauma, victims of ex-
plosive attacks sustain more se vere injuries, utilize more
hospital resources, require more sur geries and intensi ve
care, and have longer hospital stays and higher in-hospital
fatality rates. Also, the patient population as a whole tends
to be younger, implying a greater loss of potential life years
and longer disabled lives. This creates a burden not only on
the health care system but also on society as a whole (72).

MANAGEMENT AT THE SCENE

Regardless of the mechanism of e xplosion-related injury,
the basic principles of trauma care still apply. In the prehos-
pital setting, the focus should be on casualty extrication, ini-
tiation of life support, appropriate triage and transport, and
history gathering. However, in every case, scene safety must
be addressed first; it is of critical importance to protect EMS
personnel. Terrorist tactics often involve the use of second-
ary bombs positioned to harm f irst responders. Snipers or
radiation exposure from dirty bombs can present additional
potential hazards. In such situations, no one without protec-
tive equipment or hazmat training should be allo wed to
enter the scene. Most importantly, no attempts at victim res-
cue should begin until some assessment of structural stabil-
ity has been made. The importance of this w as never more
tragically demonstrated than on September 11, 2001, when

the collapse of the World Trade Center Towers claimed the
lives of countless EMS personnel.

Once the blast site is secure, any nonambulatory patients
should be immediately e xtricated and delivered to a triage
staging area. It is important to remember that victims who
have auditory blast injury may not respond appropriately to
triage. Lack of awareness of this fact may lead to incorrect
evaluation and triage of those unable to hear commands (9).
Multiple types of trauma will be seen, but most will be the
familiar penetrating and blunt injuries. Such injuries are
often dramatic and can o vershadow the sometimes subtle
presentation of primary blast injury . First responders must
specifically seek e vidence of primary blast injury (52).
Those with immediate, severe respiratory insuf ficiency
caused by blast effect have less of a chance of survival. The
only chance for survi val of such victims in the f ield is the
availability of early advanced life support (3).

Establishing an airw ay is the critical f irst step. Victims
with mild or moderate respiratory distress may benef it from
the placement of an oral or nasal airw ay, but those with se-
vere respiratory embarrassment or massi ve hemoptysis
should be intubated, anticipating mechanical ventilatory sup-
port (24). In the Israeli e xperience, early control of the air-
way (with attention to cervical spine precautions) has been
the treatment that has sa ved most victims after terrorist
bombings, especially if they are unconscious (3). Ultimately,
spontaneous breathing is preferred because positive-pressure
ventilatory support can increase the incidence and severity of
both pulmonary barotrauma and arterial air embolism
(39,73). However, ventilatory support should never be with-
held from casualties in respiratory distress. Special care
should be taken in the intubated patient with evidence of pul-
monary blast injury to avoid overvigorous ventilations and to
keep the airway pressure as low as possible. Casualties with
asymmetrically decreased breath sounds and shock should
have immediate needle decompression. Some ha ve advo-
cated the prophylactic placement of bilateral chest tubes in
all blast victims before intubation (8). Hypotension in the
blast casualty may be caused by tension pneumothorax,
hemorrhage from secondary blast injury or other wounds, in-
traabdominal hemorrhage, coronary air embolism, or vagal
reflexes (24). Control of hemorrhage in the field is only pos-
sible if it is confined to external bleeding, and application of
an extremity tourniquet should be performed only if direct
pressure fails to control the bleeding (3). Resuscitation with
intravenous fluids should be done cautiously in the blast vic-
tim because excessive volume replacement may contribute to
the development of pulmonary edema (24). 

Stabilization of fractures, spinal immobilization, and
wound dressings are other important aspects of prehospital
casualty management. In mass casualty settings, limb-to-
limb splinting and the use of tapes to secure victims to
stretchers will usually suffice if sufficient materials are oth-
erwise lacking (3). Penetrating soft tissue w ounds require
little management at the scene other than controlling hemor-
rhage and covering the wound to avoid further contamina-
tion. Impaled objects should not be remo ved and should be
stabilized manually or with b ulky dressings. Multiple stud-
ies and military e xperience have shown that exertion after
blast exposure can increase the se verity of pulmonary blast
injury; thus it is critical to minimize the physical acti vity of
any ambulatory casualties (74,75).
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On-scene medical providers can play an important infor-
mation-gathering role. The magnitude of surrounding struc-
tural damage and how far away it extends from the blast epi-
center can give clues as to the type and size of the explosive.
An assessment of damaged objects near a particular casu-
alty may yield a gross estimate of the o verpressure experi-
enced by that victim. Blast waves strong enough to rupture a
tympanic membrane are capable of shattering automobile
glass, snapping utility poles, and cracking brick w alls
(52,76). Craters indicate magnitudes capable of disinte grat-
ing objects. The relative location and orientation of the ca-
sualty, whether the blast occurred in an open or conf ined
space, and the nearby presence of any reflecting surfaces are
extremely important historical aspects. In general, the far-
ther away from the detonation an indi vidual was, the less
likely that person is to ha ve sustained a gi ven type and
severity of primary blast injury (52). This does not apply to
secondary blast injury, however, because fragments can be
propelled over long distances (11). The presence of fumes,
smoke, or flames can indicate the possibility for inhalation
injury or exposure to toxic or radioacti ve materials. Proper
on-scene triage leads to better utilization of limited medical
resources. The importance of accurate triage as a survi val
determinant for critically injured casualties has been well
documented (60). The triaging of ficer should balance the
flow of patients among dif ferent hospitals while ensuring
that patients with significant blast injuries are transported to
a trauma center, if available (77). Casualties with severe in-
juries will have a higher survival rate and lower morbidity if
they are transported to a trauma center (3,69).

Helicopter transport of patients with suspected blast in-
jury may w orsen barotrauma, and marginal oxygenation
will only worsen with altitude. Expanding pneumothoraces
may occur. Prophylactic tube thoracotomy may be per-
formed. The flight should tak e place at the lo west altitude
possible, and the cabin should be pressurized to 5,000 to
8,000 feet (24). Air evacuation is a limited resource and may
not be available during severe weather or when the civil au-
thorities close off airspace as they did during 9/11.

Finally, it is important to remember that the scene of a
terrorist bombing is also a crime scene, and all materials re-
moved, including embedded foreign bodies, are potential
forensic evidence.

MANAGEMENT AT THE HOSPITAL

The majority of traumatic injuries seen after explosions will
be familiar to hospital personnel; thus only those aspects of
care specific to blast injury are discussed here. The manifes-
tations of secondary and tertiary blast injury will often dom-
inate the clinical picture, and a high inde x of suspicion for
occult primary blast injury must be maintained. Evidence of
exposure to overpressure should be specifically sought. Un-
fortunately, there are no pertinent negative findings on phys-
ical examination that absolutely e xclude life-threatening
primary blast injury (52). Therapy is directed at the specific
manifestations as well as avoiding iatrogenic injury.

On arrival to the hospital, casualties should be retriaged
into urgent and nonurgent categories. Advanced trauma life

support should be promptly initiated for the most ur gent,
with attention to the airway, breathing, and circulation. 

The judicious use of diagnostics is essential in the mass
casualty setting. A chest radiograph and arterial blood gas
are helpful in the initial e valuation of pulmonary blast in-
jury, but few other tests are useful in the early management
of primary blast injury (39,78,79). Additional studies can be
obtained as indicated for the e valuation of secondary, terti-
ary, and miscellaneous injuries (52).

Management of patients with se vere blast lung injury is
challenging because it is often complicated by shock and al-
tered levels of consciousness (28). Primary pulmonary blast
injury impairs oxygen diffusion, much like pulmonary con-
tusions, and the degree of respiratory insuf ficiency that re-
sults will depend on the e xtent of hemorrhage. All victims
with potential pulmonary blast injury should be initially
given the highest fraction of inspired oxygen possible (52).
The treatment then focuses on correcting the effects of baro-
trauma and supporting gas e xchange. Pulmonary blast in-
jury can cause delayed respiratory insufficiency, hours after
an explosive event. Early chest radiography can pro vide a
good estimation of the severity of injury (28) and may show
the characteristic “butterfly” pattern of hilar-based fluffy in-
filtrates seen with pulmonary edema. Chest CT can also
identify small pneumothoraces. In one Israeli study , all pa-
tients with blast lung injury had a rather fulminant clinical
course that w as evident soon after admission (48). Blast
lung injury also tends to stabilize rapidly (24), and it is un-
common for the radiographic changes to w orsen more than
6 hours after blast e xposure. However, in severely injured
patients, adult respiratory distress syndrome (ARDS) may
develop within 24 to 48 hours (9). Lung injury de veloping
later in the hospital course may be secondary to or aggra-
vated by hypovolemic shock, sepsis, overly aggressive fluid
administration, or aspiration (80). The severity of the pri-
mary blast lung injury seems to ha ve a dominant ef fect on
the later development of ARDS (28). 

Early signs of impending respiratory f ailure include
tachypnea and a falling PaCO2 level. Positive-pressure ven-
tilation should not be withheld in such patients, but meas-
ures should be tak en to decrease the risks of air embolism
and additional barotrauma (24). The tidal volume, respira-
tory rate, and ratio of inspiratory to e xpiratory time should
be set to maximize mean airw ay pressure and minimize
peak airway pressure (24). Any time it is necessary to in-
crease the pressures, it is important to be vigilant for w ors-
ening barotrauma and pneumothorax (9). Poorly compliant
blast-injured lungs can be v entilated using techniques
proven successful for pulmonary contusions and ARDS
(81), including permissive hypercapnia, pressure-controlled
inverse ratio ventilation, independent lung ventilation, and
high-frequency jet v entilation (82). The actual mode used
should be determined based on each indi vidual’s particular
requirements, as all ha ve been used successfully , and no
specific mode has been found to be superior to another (3).
Effective pneumothorax drainage and adequate mechanical
ventilation should result in impro ved oxygenation during
the first 24 hours in the majority of patients (28). Routine
steroids and prophylactic antibiotics are not advocated (9). 

The etiology of shock, if not the result of tension pneu-
mothorax or profound hypoxia, must next be assumed to be
the result of hemorrhage. If external and internal blood loss
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can be reasonably e xcluded, coronary air embolism with
myocardial infarction and cardiogenic shock should be con-
sidered as a cause. Nitrates should ne ver be given for EKG
findings of ischemia or inf arction, and thrombolytic agents
are absolutely contraindicated (52). Arterial air embolism
will only be seen in casualties with clinical evidence of pul-
monary blast injury . Management of suspected air em-
bolism begins with the administration of supplemental oxy-
gen, which not only impro ves gas e xchange but also
promotes more rapid absorption of arterial air b ubbles (24).
A primary goal is to keep the airway pressure lower than the
vascular pressure to minimize further risk of air emboli.
This is generally the case in the spontaneously breathing pa-
tient. In the patient requiring positi ve-pressure ventilation,
pressures and volumes should be kept as low as possible to
maintain adequate oxygenation and v entilation. In lungs
stressed by mechanical v entilation, air emboli ha ve been
demonstrated for hours to days after blast exposure (73,83). 

Theoretically, if it is possible to determine which lung is
injured, isolating that lung can stem the flow of gas into the
circulation (27). Several techniques for selective lung venti-
lation have been described using double-lumen tubes, Uni-
vent tubes, and bronchial blockers, although such special-
ized tubes may not al ways be available and can be dif ficult
to place in trauma situations. If only standard endotracheal
(ET) tubes are on hand, right main-stem intubation can be
accomplished with 99% success by adv ancing a normally
placed ET tube distally; left main-stem intubation may be
accomplished with 92% success by turning the patient’ s
head 90 degrees to the right, rotating the ET tube 180 de-
grees and passing it distally. If cervical spine injury is a con-
cern, an alternate method is to rotate a normally placed ET
tube 90 de grees counterclockwise and then adv ance (84).
Obviously, in those with bilateral lung injury , emboli may
originate from either lung, and lung isolation is not an op-
tion. If lung isolation and resuscitation are unsuccessful, im-
mediate thoracotomy may be needed to allo w hilar clamp-
ing or isolation of the injured lung segment (27).

Measures may be taken to limit air embolism damage by
positioning the victim’s body appropriately. Trendelenberg
positioning may keep air from entering the cerebral circula-
tion. If unilateral lung injury exists, keeping the injured lung
dependent to the left atrium can increase pulmonary venous
pressure and prevent emboli from entering the coronary cir-
culation. The definitive therapy for systemic air embolism is
hyperbaric oxygen therapy (HBOT). Benefits of HBOT in-
clude improved tissue oxygenation, decreased intracranial
pressure, decreased reperfusion injury, and reduced mortal-
ity among severely brain-injured patients (27). Prognosis is
generally good if HBOT is started within 6 hours of the in-
sult (85), but delays due to other management priorities
should not discourage the use of hyperbaric therapy (27).

Nonemergent surgery in casualties with pulmonary blast
injury or systemic air embolism should be delayed because
general anesthesia in these patients is poorly tolerated. Re-
gional or local anesthesia is preferred for those needing im-
mediate surgery (86).

Fluid management in patients follo wing blast injury is a
major challenge. Preload must be maintained to prevent tis-
sue ischemia, but fluid o verload can cause pulmonary
edema and worsen lung dysfunction. Early measurement of
central venous and pulmonary artery wedge pressures may

be helpful diagnostically and useful in guiding fluid man-
agement (52).

Despite the predominance of other injuries after blast ex-
posure, major morbidity and mortality among immediate
survivors is caused by delayed perforation of intestinal
mural contusions. The initial approach to the casualty with
gastrointestinal blast injury is not dissimilar to that of an y
other cause of abdominal trauma. Abdominal injuries are
treated according to general sur gical principles, including
volume replacement and nasogastric suction. The most chal-
lenging aspect is the identif ication of intestinal injury and
discrimination between those lesions destined for perfora-
tion or for spontaneous recovery. 

Although it is v ery uncommon for blood loss from pul-
monary blast injury to cause hypotension, shock commonly
will result from blast injury or blunt trauma causing abdom-
inal hemorrhage (24). Casualties with an y evidence of
shock and abdominal hemorrhage should proceed directly
to laparotomy. In the patient without clear indication for la-
parotomy, but with otherwise unexplained hemodynamic in-
stability, abdominal sonography may be used and can be
particularly useful in mass casualty situations (52). CT scan
of the abdomen, if available, can also provide detail for sur-
gical decision making b ut does not al ways identify bowel
injury well in the absence of pneumoperitoneum (87,88).

Successful treatment of soft tissue w ounds depends on
meticulous wound debridement, with excision of nonviable
tissue and foreign material likely to cause infection, adequate
drainage, and delayed closure (89). Treatment decisions are
based on an estimation of the type and location of w ounds,
the amount of tissue disruption, and the patient’s hemody-
namic status. Any penetrating abdominal or thoracic w ound
in a hemodynamically unstable patient requires emergent op-
erative intervention. Secondary blast w ounds in general are
extensively contaminated. Adequate debridement is manda-
tory, and deep wounds should not be closed acute. Delayed
primary closure is more appropriate. Because of the high ve-
locity of shrapnel, the superficial appearance of entry
wounds can be quite decepti ve, and all penetrating w ounds
to the chest or abdomen should be adequately e xplored.
Tetanus prophylaxis and broad-spectrum antibiotics should
be routinely given. Again, it should be emphasized that after
a terrorist bombing, the forensic aspects of documentation
must be considered (52); all foreign bodies remo ved are po-
tential evidence and must be preserved. 

Although auditory injury , in contrast to other blast-re-
lated trauma, has no devastating or life-threatening ef fects,
eardrum perforation, hearing loss, and dizziness can inter-
fere with daily activities and have a telling effect on quality
of life (46). The ears should be e xamined for blast-induced
TM perforation or ossicular chain disruption, as well as
findings suggestive of basilar skull fracture, such as the
presence of blood or cerebrospinal fluid. Ossicular damage
may be associated with vertigo and dizziness, and it carries
a high incidence of associated head injury.

Initial treatment of tympanic membrane rupture consists
of removing debris from the auditory canal and irrigating the
canal with antiseptic solution. Antibiotics or ear drops are
generally not indicated. Most perforations involving less than
a third of the TM surface should be left to heal spontaneously.
Patients with larger perforations or ossicular chain disruption
should be referred to an otolaryngologist for further outpa-
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tient management and tympanoplasty. Sensorineural deafness
due to cochlear damage or ossicle dislocation may impro ve
with time, although some will be left with chronic tinnitus,
vertigo, or permanent hearing loss (90).

The presence of isolated TM rupture is objecti ve evi-
dence of exposure to overpressure but does not appear to be
associated with delayed-onset or occult pulmonary blast in-
jury, in contrast to traditionally held beliefs (91). Con-
versely, the absence of rupture mak es pulmonary blast in-
jury unlikely (80).

Only patients without respiratory or abdominal com-
plaints, who have a normal chest radiograph and arterial
blood gas, may be safely dischar ged from the emer gency
department after a reasonable period of observation. Hospi-
tal admission for observation is prudent in all others. 
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Case Study
Terrorism And Explosive Trauma: 
The Colombian Experience

Nelson Téllez and Jenny Gil Almanza

Dedicated to the memory of Natalia Téllez, who takes
care of us from above (1993–2003).

Colombia’s Violent History
Colombian history has been marked by diverse manifesta-
tions of violence against individuals, groups, or at random
in order to paralyze society and promote particular goals.
The Spanish conquest in Central and South America took
place following 1492, starting off a period of increasing
violence in the region of Columbia. Multiple ethnic killings
occurred in the conquest period and during the formation
of early population centers by Spanish colonizers in what
would become Colombia (92). Today, paramilitary organi-
zations from the political right and guerrillas from the left
act against the civilian population to take over territories
that have strategic military value or natural resources (93).
Terror has resulted in important demographic shifts as
people move into the cities in search of greater security.
The resulting transient communities are ripe with illnesses,

SUMMARY

Urban terrorism has become a reality, and the use of
explosives is all too common. In general, a high-
explosive detonation will cause many minor injuries
and some signif icant injuries with which medical
personnel lack f amiliarity. Blast w aves impacting
the human body cause a unique form of barotrauma,
affecting the lungs, gastrointestinal tract, and ears.
The violent forces generated by explosions will also
cause familiar penetrating and blunt trauma.
Understanding the mechanisms of injury , expected
injury patterns, and treatment issues will ha ve a
significant impact on the survival of the victims. 

QUESTIONS

1. Which of the following is FALSE?
A. Primary blast injury primarily affects the solid or-

gans of the body, such as the liver, kidneys, and
spleen.

B. Primary blast injury is a form of barotrauma.
C. Recipes for homemade bombs abound on the In-

ternet.
D. High explosives can be mixed with plasticizers

such as oil or wax to create soft, hand-malleable
substances called plastic explosives, or plastique.

E. The rapidity with which an explosive reaches its
peak pressure is a measure of its brisance, or shat-
tering ability.

2. Basic components of a blast wave include:
A. A short burst of increasing pressure
B. A shorter phase of negative pressure
C. Minimal wind movement
D. A + B
E. A + B + C

3. As a blast wave passes through the body, it causes dam-
age by the following different mechanisms:

A. Spalling 
B. Implosion
C. Inertia 
D. Pressure differentials
E. All of the above

4. Which of the following is FALSE?
A. Primary blast injury is unique to explosions.
B. Secondary blast injury refers to penetrating trauma

caused by the acceleration of shrapnel and other
debris by the blast wind.

C. Tertiary blast injury is caused by the displacement
of the body by the blast wind, with typical patterns
of blunt trauma occurring on forceful impact with
a solid object or the ground.

D. Pulmonary pathology from blast injuries is in-
versely proportional to the velocity of chest-wall
displacement by the incoming blast wave.

E. Inertia imparted from the force of a blast wind
may propel a victim against a stationary object,
causing injury on impact.

ANSWERS
1: A. Primary blast injury primarily affects the solid organs of

the body, such as the liver, kidneys, and spleen.
2: A. A short burst of increasing pressure
3: E. All of the above
4: D. Pulmonary pathology from blast injuries is inversely pro-

portional to the velocity of chest-wall displacement by the
incoming blast wave.



poverty, prostitution, and violent crime (93). Many of these
organizations force young people to join as “conscripts”
to fight (94) or require them to perform prostitution. Many
children are born as a result of this forced prostitution (95).

Although violence existed for many years in Colom-
bia, many refer to a specific date as the start of the mod-
ern era of civil war. On April 9, 1948, Jorge Eliécer
Gaitán, a political leader from the Liberal Party, was as-
sassinated in a central street in Bogotá. This is consid-
ered the onset of a civil war between liberals and con-
servatives. Large numbers of victims have succumbed to
this violence, and the world media has brought dramatic
images of these tragedies to the world. There are several
reports of forces moving into a town and killing men,
women, and children. These individuals have sometimes
left disfigured bodies, cut into pieces, behind as they
left, perhaps even conducting a soccer match with a vic-
tim’s head (96,97).

During the violence of the 1950s, guerrilla groups
were formed that continue to exist in Colombia and
contribute to the ongoing conflict. One such group con-
stitutes the oldest continuously present guerrilla organi-
zation in the world, the Fuerzas Armadas Revolucionar-
ias de Colombia (Armed Revolutionary Forces of
Colombia; FARC). This organization has been declared a
terrorist group by the Colombian state and other coun-
tries, and multiple killings of both the civil population
and the authorities such as police, army, and intelligence
have been attributed to them. 

It is appropriate to recognize that the social situation
in Colombia, although not excusing the extremely cruel
activities by the subversive groups just described, un-
doubtedly contributes to the civil unrest. Over time, the
more loosely affiliated paramilitary groups that formed
in the 1970s and 1980s became highly organized and
sophisticated as they began to cultivate, process, and
traffic marijuana to meet the great demand for these
products by the merchants of the United States and Eu-
rope. The first bands of modern narcotraficantes were
created in Colombia, the leaders of which rapidly be-
came wealthy and acquired large urban and rural prop-
erties for high prices, inflating the local economy. These
same narcotic traffickers felt the need to protect them-
selves and their families, and so they surrounded them-
selves with small armies. These armed groups forced
small land owners to leave their property and sell it at
unrealistically low prices. As this continued to happen,
the size of properties owned by the powerful drug capos
(chiefs) began to swell to enormous proportions. Per-
haps the most infamous narcotic king was Pablo Esco-
bar, who even had a private zoo. The term “narcoterror-
ism” was first used to describe Escobar and his activities.
Sizable communities in Colombia were forced to leave
their homes, which contributed to the poverty of certain
regions within the country. In addition, as much as 10%
of the population has chosen to immigrate to other
countries, particularly to Europe and the United States.
This process, which started in the 1970s, reached its
peak during the 1990s. There has been a very significant
switch from marijuana to cocaine and heroin. 

This panoramic view of Colombian history from its in-
dependence to the present day allows us to understand

how terrorism developed in Colombia. In other parts of
the world, terrorism has been fomented from foreign in-
vasion or religious extremism. In Colombia, terrorism has
been used by diverse groups of political and economic
extremists, mostly based on illegal drug traffic.

During the years of Escobar, terrorism was used by
several groups to achieve economic power and political
control. Members of the society were frightened. They
were eventually not willing to defend the state. The use
of explosives has become especially prominent since the
late 1980s. Many devices were exploded against strate-
gic targets, such as politicians who were willing to
openly oppose the illegal drug infrastructure and com-
merce. On November 27, 1989, a bomb was detonated
in an airplane targeting a presidential candidate, using 5
kilograms of ammonium-based gelatin dynamite. All of
the 107 occupants in this Boeing jet were killed (100). 
Specially designed scenarios were aimed at killing politi-
cal leaders. On most of these occasions, civilian by-
standers were killed as well. Particularly devastating
were the situations in which cars were detonated with
very large quantities of explosives near military and key
governmental administrative buildings. Additionally,
competing illegal drug trafficking groups launched at-
tacks against each other. In general, the civilian by-
standers were the ones most devastated by the violence. 

One particularly cruel practice was to kidnap a family
and require one of its members to drive a vehicle laden
with large amounts of explosives up to police stations
and other governmental buildings to be detonated.
These acts of desperation were conducted under the
threat that their families would be killed if they did not
complete the mission. Another method used repeatedly
has been to leave donkeys loaded with explosives along
the road. When a soldier or police officer would come to
move the animal, the charge would be detonated re-
motely. A particularly shocking case occurred in a small
town outside of the capital city in May 2000 (101). In
this instance, Elvia Cortez, a 53-year-old dairy farmer,
was fitted with an explosive necklace collar, which had
been loaded with gunpowder and a remote detonation
device. Reportedly, the device was very sophisticated,
operating by sensing her body temperature and requir-
ing specialized equipment to defuse it safely. The collar
exploded, killing her and an explosive technician who
was trying to remove it. In 2003 the same method was
used again; however, technicians were able to remove it
successfully without detonation.

Another common explosive trauma technique in
Colombia is the use of ammonium nitrate and food oil,
known as ANFO (98). This substance is combined with
homemade metallic objects to enhance the injurious im-
pact. In Colombia, the transit of vehicles that distribute
propane to homes is prohibited at certain hours because
of the metal cylinders the fuel comes in. These cylinders
on many occasions have been used to make charged
bombs with ANFO.

The number of terrorist attacks in Colombia increased
sharply from 1966 to 1999. These have been most com-
mon in the Andean region (see Table 20-1). Bogotá,
which is also in the Andean region, is separated out in
the table for the purpose of display. 
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The accuracy of police statistics is sometimes ques-
tioned because the data can be either increased or de-
creased by various factors. It is widely assumed that
many cases of death by terrorism are not recorded.
Deaths that occur during military operations are some-
times counted as terrorist deaths. Some authorities have
been accused of attempting to increase the numbers of
victims to make the opposition appear larger than it re-
ally is. Certain American authors allege that this practice
of inaccurately reporting statistics has been used by
politicians with respect to many historical events, includ-
ing the fall of the Berlin wall, the fall of communism, the
end of the Cold War, and the necessity to justify the
wars in Iraq, Afghanistan, or Colombia (99,100).

Health services for victims of terrorism in Colombia
are provided by various governmental agencies that an-
swer directly to the president of Colombia. Survivors re-
ceive minimal economical assistance. There is no specific
medical school training for attention to terrorism or dis-
asters. Only since the tragedy of September 11, 2001,
has there been special attention paid to biological and
chemical warfare agents in Colombia. There have been
no cases of such weapons being used, even in the guer-

rilla conflict. Colombian medical students receive only
the standard teaching in microbiology and nothing
about biological warfare agents. Trauma, however, has
been emphasized in medical education in Colombia. 

Colombian experience with explosive trauma
The spectrum of explosive injuries from terrorist acts is
highly variable and depends on the specific circum-
stances of the event. Important factors include the type
and quantity of explosive used, the detonation mecha-
nism employed, and the location of the victim with re-
spect to the explosion (Fig. 20-2). 

As elsewhere, forensic pathologists generally evaluate
fatal cases, which of course are the more severe injuries.
Forensic physicians in Colombia have documented vari-
ous types of shrapnel injuries, including both minimal in-
juries in survivors and fatal cardiac lesions. Many cases
involved extensive destruction of the body in which ad-
vanced genetic techniques were required to identify the
victim. Several fatalities have been described involving
extensive cranioencephalic avulsions, either isolated or
associated with penetrating trauma to the thorax, ab-
domen, and extremities. In other cases, lesions are lim-

208 Section 5 Explosives and Traumatic Terrorism

Amazon

Andean

Atlantic

Bogota

Medellin

Orinoquia

Pacific

Totals

0

86

16

25

0

1

19

147

19
66

–1
97

0

2

270

61

90

0

0

38

461

19
71

–1
97

5

2

571

69

404

0

18

124

1,188

19
76

–1
98

0

11

822

176

445

0

10

413

1,877

19
81

–1
98

5

27

1,229

421

463

364

125

144

2,773

19
86

–1
99

0

115

2,373

1,041

415

628

318

73

4,963

19
91

–1
99

5

262

3,241

936

271

455

510

119

5,794

19
96

–1
99

9

419

8,592

2,720

2,113

1,447

982

930

17,203

T
ot

al
sRegions

Figure 20–2. Territorial sections and according to the victims: civilian, soldiers, or perpetrators. (Adapted from Revista Criminalidad,
Centro de Investigaciones Criminologicas, DIJIN, Policia Nacional de Colombia, Numero 45, 2003.)

TABLE 20-1   Fatal Victims of Terrorist Acts in Colombia by Region, 1993–2003

REGION TERRORISTS KILLED CIVILIANS KILLED SOLDIERS AND TOTAL DEATHS
POLICE KILLED

Amazon 12 107 159 278
Andean (mountainous) 139 677 622 1,438
Atlantic 59 364 226 649
Orinoco 57 163 279 499
Pacific 4 29 38 71
Bogota (capital) 10 134 40 184
Medellin 21 151 37 209

Totals 302 1,625 1,401 3,328

Source: Revista Criminalidad, Centro de Investigaciones Criminologicas, DIJIN, Policia Nacional de Colombia, Numero 45, 2003.



ited to the thorax, involving vital organs. Still others in-
volve injuries to abdominal organs and vessels.

Several incidents have occurred in Colombia that de-
serve special attention. There was a direct large-scale at-
tack against a Colombian security installation, Departa-
mento Administrativo de Seguridad (FBI equivalent in
Colombia), which resulted in hundreds of victims in
1989 in Bogotá. This case involved a truck with a large
load of dynamite that was detonated from a distant lo-
cation. The explosion of a commercial airliner was men-
tioned previously, as was the “collar bomb,” which also
took the lives of the technician/rescuers. Another exam-
ple in 2001 involved the use of a cadaver as a decoy
placed in an abandoned vehicle charged with explosives,
occurring in a town called Soacha, near the capital city
of Bogotá. The explosives were detonated as the car was
being investigated. Others died from carbon monoxide
inhalation produced by the subsequent fire. During the
presidential inauguration of August 7, 2002, a guerrilla
attack occurred against the Presidential Palace, known
as the Nariño House, resulting in 15 deaths, all of which
were of bystanders outside of the executive compound.
More recently, an exclusive social club in Bogotá was de-
stroyed by the detonation of a vehicle loaded with ex-
plosives in February 2003. The case resulted in 36
deaths, some with very severe mutilations.

A final category of attacks are those that occur
against industrial or commercial targets. Defense of this
strategic national infrastructure results in tremendous
costs to the government and citizens of Colombia. Very
large oil spills have occurred with attacks against the
principal oil pipeline in Colombia, from Caño Limón in
the Arauca region (102–104). In July 1997 a helicopter
transporting soldiers responding to such an attack was
shot down with missiles, resulting in the death of all 22
persons on board the aircraft. Many of these victims
were so mutilated that identification was possible only
through DNA testing.

The terrorism that has gripped Colombia has been so
great, and so pervasive, that it has had an overall nega-
tive social impact in the country. Society has been faced
with these great challenges, along with an increase in
many forms of violent crime. As these acts of terror per-
sisted, indifference has developed among many ordinary
citizens. This societal apathy provides an opportunity for
insurgent groups to push the limits of terrorism to fur-
ther extremes and to be rewarded their violent acts. 
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Structural Collapse, Extrication, Crush
Syndrome, and Rhabdomyolysis
Adam H. Miller

In the new era since 9/11, our world faces not only the con-
stant threats of natural disasters but also man-made tragedies.
Health care pro viders, and the study of disaster medicine,

must seek to understand these e vents and plan for their medical
and surgical consequences. By coupling predisaster prepared-
ness with the best a vailable techniques in search, rescue, and
health care, the best results can be achieved. This chapter looks at
the importance of b uilding structure design. It then continues
with the medical consequences of these structural fla ws when
they are faced with natural and man-made disasters. 

A review of the disaster literature suggests that some of
the morbidity and mortality of past world events could have
been prevented, particularly if structures were reinforced and
medical intervention had been initiated more e xpeditiously.
Whether it is from an earthquake or a bomb blast, loss of life
may result either from the direct effect of trauma or the meta-
bolic consequences of crushing weight upon the body. As we
shall see, this excessive weight damages muscle and other tis-
sues and results in various complications.

The development of firm guidelines for b uilding construc-
tion and the impro vement in the or ganization of urban search
and rescue are the essential types of pre vention required to en-
sure improved outcomes. Key medical features include renal
failure, electrolyte disturbances, and the potential for loss of one
or more limbs. Acute renal failure (ARF), a deadly consequence
of rhabdomyolysis, is mostly preventable by timely rehydration
therapy. Hyperkalemia and infection are the commonest causes
of death in victims who survi ve the direct effect of trauma (1).
In addition, fasciotomy can be limb sa ving if it is done in the
early hours. Each of these features will be described. 

BUILDING STRUCTURE AND THE RISK
OF CRUSH INJURIES

Many papers ha ve been written pertaining to natural and
man-made disasters, including descriptions of earthquak es,

bombings, gas explosions, and derailments and collisions of
trains, along with other types of trauma-related events (2–4).
As building structures age, the risk of their collapse and in-
jury to human life increases. This chapter explores several
past events, which may provide insight that may be applica-
ble to modern events. 

The Turkish earthquake literature describes the primary
mechanism of injury and death in earthquak es as attributa-
ble to the physical trauma from collapse of human-made
structures (2). This literature points out the vulnerability of
certain types of building structures. The most likely to col-
lapse were the midrise, unreinforced masonry b uildings
(MUMBs) and the one-story adobe structures with soft
ground floor construction. These buildings were typically
designed with a ground floor intended for commercial use,
incorporating large shop-front windows. The higher floors
were used as residential apartments. 

In the Turkish earthquake of March 13, 1992, the epicen-
ter occurred 5 km (3 miles) east of the city of Erzincan, at
the intersection of the North and Northeast Anatolian fault
lines in response to mo vement of the Arabian, Anatolian,
and Northeast Anatolian tectonic plates. Of the 526 mortali-
ties, 92% were attributed to the MUMB collapses character-
ized by a ground floor collapse pattern. Being on the f irst
floor was an important predictor of death. In addition, the
Turkish literature looked at the disaster response effort, dis-
cussing a detailed account of local response, which included
the city administration, the national response, and the sub-
stantial international participation, especially crews from
neighboring cities and countries. There was typically a
delay of more than 24 hours in the arri val of appropriate
search and rescue personnel and equipment. This prolonged
response contributed to a signif icant number of deaths,
which otherwise may have been preventable with immediate
rescue and medical response. 

The literature on the Hanshin-Awaji Japanese earthquake
of 1995 describes 14 patients who sustained crush injuries
(3). They had been buried under collapsed houses for an av-



erage of 6.7 ± 5.7 (SD) hours (5–8). Victims who arrived at
major treatment centers later (2 of the 6 victims), were more
likely to have developed renal failure than those who were
brought earlier. The major clinical problems encountered in
the treatment of these patients included deciding whether to
use the fluid resuscitation re gimen to prevent ARF and de-
termining whether there were clear indications for f as-
ciotomy in an attempt to prevent the loss of limbs.

CRUSH SYNDROME

A syndrome associated with myoglobinuria w as first de-
scribed by Me yer-Betz in 1910 (28). Ho wever, it was
recorded earlier in association with crush injuries after the
earthquake in Messina, Italy, in 1909, and again later by
Bywaters and Beall after observ ations of crush victims
during World I (29,30). In the era since the London Blitz
in World War II, the term “crush syndrome” has been ap-
plied to the ischemia-induced syndrome of myonecrosis,
myoglobinuria, and renal failure. 

In 1941, Bywaters described a syndrome of “being
trapped under the rubble for hours.” After release, patients
developed “swelling and later muscle weakness in the in-
jured limb, vasoconstriction and hypotension after se veral
hours, decreased urine output, changes in urine sediment,
hemoconcentration, hyperkalemia, acidosis, and persist-
ence of loss of blood supply and gangrene in the af fected
limb even after correction of blood pressure” (9).

Crush syndrome is the general manifestation of a crush
injury involving one or more limbs or abdomen under e x-
treme pressure for a few hours. The prolonged pressure to
the limb or abdomen leads to a breakdo wn of the integrity
of the muscle cell membrane and derangement of cellular
transport and occurs when indi viduals are trapped under
fallen debris during earthquakes, bombings, and other dis-
asters (1,10). This in turn may cause a syndrome of rhab-
domyolysis and ARF, hyperkalemia, disseminated in-
travascular coagulation (DIC), cardiomyopathy, and other
systemic manifestations, which may be fatal if not treated
promptly and properly (11). 

In crush syndrome, the damaged muscle cells lose the
capacity to pump w ater out of cells by acti ve transport,
which is necessary to maintain their internal environment.
When a myocyte exhausts adenosine triphosphate (ATP),
its normal homeostatic, synthetic, and reparative func-
tions deteriorate (12–13).  The result is loss of sarcolem-
mal and cellular membrane integrity and leakage of intra-
cellular contents. Prolonged pressure on a muscle group
can produce intracompartmental pressures reaching up to
240 mm Hg. This interrupts the normal blood supply, cut-
ting off essential nutrients for oxidati ve phosphorylation.
In turn, too little ATP, which is essential for cells to li ve,
is produced (14). Cell rupture releases potassium and
muscle pigment, and then the body’ s water begins to
move into this area of injury , known as “third spacing. ”
Therefore, hypovolemia is a major problem. Along with
the deposition of myoglobin from the injured muscles, the
hypovolemia causes acute tub ular necrosis (A TN) and
acute renal failure. This can be mitigated by early admin-
istration of intra venous fluids. In addition, patients may

require acute dialysis therapy if ARF is severe. In fact, if
kidney failure is present, death may result within a week
if dialysis is not instituted (9). 

Since the original description by Byw aters in 1941,
crush injury has been examined extensively; in general, the
clinical course and subsequent prognosis are signif icantly
altered by multiple factors such as the severity of the crush
injury, the timing of treatment, and the character of initial
treatment provided to the victim. Delivery of fluids to a
victim of crush injury is the critical feature in the proper
resuscitation of the patient. Other interventions are often
promoted including mannitol (15–17) and bicarbonate
(15,16,18,19); however, animal and human data are not
conclusive, and currently the literature in inconclusive.

The 1988 Armenian earthquake experience underscores
the importance of fluid resuscitation, where hundreds of
victims had delays to treatment of 24 to 48 hours (20).
This holdup resulted in a lar ge number of patients with
renal failure and subsequently a very large demand for he-
modialysis among these victims. The time to recovery is a
significant factor in determining the success of e xtrication
from collapsed structures (Fig. 21-1) (21). 

Better et al. (21,22) reported that administration of an
average of 12 L/day of fluid with sodium bicarbonate and
mannitol to 75-kg adults successfully prevented renal fail-
ure in severe crush syndrome cases. In this report, the pa-
tients received initial infusion of fluid on site, and most
were admitted to the hospital within 30 minutes where
they were gi ven massive fluid, sodium bicarbonate, and
mannitol. In the Hanshin-Awaji earthquake paper (24), the
intravenous fluids were given in conjunction with sodium
bicarbonate during the initial fe w hours (to correct only
metabolic acidosis) and lo w dose dopamine for se veral
days to maintain urine output abo ve 200 mL/hour without
mannitol-alkaline diuresis.

Crush victims may ha ve a v ariety of causes of renal
failure, including acute dehydration or bleeding. P atients
may have hypotension, prerenal azotemia, decreased urine
output, and hemoconcentration. Conditions leading to
shock should not be confused with crush syndrome be-
cause they have a different pathogenesis. Experience from
earthquakes indicates that hypotension and hyperkalemia
are the top tw o causes of death in the f irst day following
rescue (3) (Fig. 21-2). Hypotension in patients with upper
extremity crush syndrome usually cannot be e xplained
solely by third spacing, so other sources of shock must be
considered. Calculation of the fractional excretion of
sodium (FENa) is a classic w ay to determine if the patient
is simply dehydrated; in this case, the renal tubule conser-
vation of sodium is maximized (Fig. 21-3). The ATN dis-
rupts cell function; hence, sodium conservation is compro-
mised leading to a high fractional sodium excretion. A low
fractional sodium excretion can be misleading in ATN be-
cause of rhabdomyolysis. The creatinine level may be ini-
tially normal but rises rapidly after the rhabdomyolysis of
crush injury. Acute renal f ailure from other causes may
manifest with a more slo wly rising creatinine. Metabolic
acidosis, hyperphosphatemia, hypocalcemia, hyperuricemia,
and a low fractional sodium excretion are more likely to be
present in ATN secondary to rhabdomyolysis. Limb paral-
ysis in a trauma victim may be from acute nerv e trauma
not necessarily related to rhabdomyolysis.
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MANAGING VICTIMS OF CRUSH INJURY:
PREHOSPITAL CONSIDERATIONS

The first priorities after a catastrophic event is to minimize
further injury resulting from collapse of unsafe b uildings
or other heavy objects and to extricate those who may still
be buried. Retrieval of severely traumatized patients from
difficult locations remains a comple x science, which is
studied and taught by emer gency medical providers. The
challenges associated with retrie val situations can be e x-
treme (24–26). 

A very important principle relating to the initial treat-
ment of crush injury is the risk of acute deterioration and

sudden death with release of pressure on the involved ex-
tremity. Extrication accelerates the muscle ischemia and
edema. As soon as the compressive forces are released and
blood flows through the injured area, the sequelae of crush
syndrome begin. If extrication is prolonged, fluid replace-
ment should begin as soon as prehospital personnel reach
the victim. Aggressive fluid therap y should be gin once a
site is available to an intravenous line. If the victim is nor-
motensive, isotonic saline can be infused at a rate of
1.5 L/hour (27). For patients in a shock state, fluid replace-
ment should be instituted in a 3:1 ratio, where 3 L of iso-
tonic saline are used for every 1 L of blood loss. 

The hours spent trapped under the compressive forces of
debris with crush injuries often leads to massi ve tissue and
bone injury. Without access to fluids or nutrients, hypo-
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volemia, negative nitrogen balance, and inevitable ketosis
ensue. Third spacing of fluids in affected limbs or abdomen
is the consequence of rhabdomyolysis (Fig. 21-4). With hy-
povolemia and acidosis being present, circulating myoglo-
bin has an ideal milieu for precipitation in the renal tubules. 

HYPOVOLEMIA, RHABDOMYOLYSIS,
AND RENAL FAILURE 

The result of prolonged pressure to the limbs when individuals
are trapped under the debris of earthquak es, bombings, and
other disasters results in the compromise of myoc yte integrity.
After pressure is remo ved from a trapped limb, extracellular
fluid enters damaged cells. A fluid volume equal to that of the
entire extracellular space may enter damaged muscle within
hours or days after injury (11,30). This type of hypo volemia,
unlike acute blood loss, is due to fluid shifting to the interstitial
spaces from the intra vascular fluid space. At the same time,

potassium, phosphate, myoglobin, and other cell products leak
from damaged muscle cells. This can be detected by measuring
the plasma creatine phosphokinase (CPK) as early as the f irst
hour (11). Severe hyperkalemia, exacerbated by low calcium,
may result in sudden cardiac arrest. Lactic acid and other or-
ganic acids released into the e xtracellular fluid may cause aci-
dosis (30). DIC may occur as a result of thromboplastin re-
lease. The myoglobin released from muscle cells damages
renal tubules and, particularly in the presence of se vere hypo-
volemia occurring at the same time, may cause ARF. The mus-
cle mass of the body constitutes 40% of the total body weight,
and with severe trauma it is possible to “third space” up to 12 L
of fluid in muscle (31). The drop in mean arterial systemic
pressure of 60 to 70 mm Hg can induce ischemic injury to the
kidneys by resultant lo w perfusion states and decreased
glomerular filtration rates (GFR) (10); acidosis and aciduria
compound the effect of myoglobin on the kidney (32).

Rhabdomyolysis has many causes, which can be classified
into hereditary and sporadic forms. The inherited disorders in-
clude the glycogen storage diseases, muscular dystrophy, and
malignant hyperthermia. The sporadic forms are due to severe
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Figure 21–3. Calculation of the fractional excretion of sodium (FENa).

Compression

Ischemia

Reperfusion

Neutral Proteases

Ca-dep Phosphorylase

Niocleases

Lipid Peroxidation 

Ca++ Influx

Decreased ATP
Production

Increased Neutrophil
Chemoattractants

Increased Local
PMN concentration

Free
Radical

Formation 

R
h
a
b
d
o
m
y
o
l
y
s
i
s

Stretch

Arrest cellular
respiration

Inhibits
Na/K ATPase

activates

Figure 21–4. Number of rescued victims corresponding to various time strata under the rubble (columns) and cumulative percentage 
of the rescued renal victims by the function of time lapsed after the disaster (line). (From Sever MS. Lessons learned from the Mar-
mara disaster: time period under the rubble. Crit Care Med 2002;30(11): 2443-9. With permission.)

(UNa/SNa)/(UCr/SCr) x 100
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A fractional excretion of sodium of <1% indicates that the patient is likely to have hypovolemia

or other "prerenal" causes of renal failure. 



physical exertion, crush or compression injuries, ischemia,
metabolic depression, exogenous drugs and toxins, or com-
binations of these entities (33–36).

Rhabdomyolysis most typically results from the disrup-
tion of the muscle cell with release of myoglobin and other
components. These components include serum glutamic
oxalaoacetic transaminase (SGO T), lactate dehydrogenase
(LDH), creatine phosphokinase, glucose, and potassium (37).
Tubular deposition of pigment may obstruct the renal tub ules
and also dilate nephrons, leading to ATN. It is thought that
the injurious agent is the iron molecule of the heme moiety
in combination with free radical formation (38).

The prediction of patients most at risk of impending ARF
in rhabdomyolysis after crush injury (soft-tissue) may be
possible by obtaining a reduced venous bicarbonate concen-
tration (VBC) of <17 mmol/L. This may result from tissue
hypoperfusion with resultant tissue anoxia (39,40). 

ARF in rhabdomyolysis can be mitigated most effectively
by the initiation of early parenteral sodium chloride treat-
ment aimed at increasing renal blood flo w and decreasing
the concentration of nephrotoxic pigments early after the re-
lease of the victim. Alkalinization of the urine was part of the
preventive rehydration strategy described by several authors
during the late 1980s (41,42). It had been proposed that
sodium bicarbonate infusion could result in alkalemia and
increased potassium excretion because sodium bicarbonate
infusion exceeds the absorption capacity of the proximal
tubules (15). In some cases, elevated serum creatinine levels
returned to normal within 24 hours after initiating rehydra-
tion and increasing urine output (43). In other reports, hyper-
tonic mannitol was successfully infused along with rehydra-
tion (16,44). 

Normal saline combined with one vial of sodium bicar-
bonate can be infused. Some authors advocate adding hyper-
tonic mannitol to the intra venous set. The urine output
should be monitored. Therapy should be continued using
half normal saline containing one to tw o vials of HCO 3 (44
mEq each vial) per liter , administering 3 to 6 L in the f irst
day (11,15,44) and adding at least 25 g of mannitol (doses up
to 1 g/kg ha ve been tried) to decrease intercompartmental
pressure and possibly pre vent further renal damage. If the
patient is not elderly or high-risk for overhydration, one may
use higher quantities of intravenous fluid (16). 

If urine output does not increase, remaining low in the face
of adequate rehydration, and if plasma creatinine is rising, the
patient should be considered for renal replacement therap y
(RRT). Types of RRT include hemodialysis or peritoneal dialy-
sis, performed temporarily or continuously as needed. If urine
output increases, intravenous rehydration can be continued
until the urine is clear and tests for urine myoglobin are ne ga-
tive. The usual time for this recovery is 48 to 72 hours (1).

COMPARTMENT SYNDROME AND
INDICATIONS FOR FASCIOTOMY

Anyone who has had a limb or abdomen trapped under the
ruin for a fe w hours (crush injury) or has a limb fracture is
prone to develop a compartment syndrome and consequently
crush syndrome. Compartment syndrome has been reported

with trapping times of less than 1 hour (3). Extensive soft tis-
sue injury is often sufficient to cause severe increases in com-
partment pressure and v ascular compromise. Fracture is not
mandatory for the compartment syndrome to de velop (45).
Abdominal injury by itself can result in crush syndrome (11). 

Assessment of the local tissue crush may re veal a pale,
swollen, tense extremity that is painful (43). Early diagnosis
of compartment syndrome is very important because there is
only a brief period of time when f asciotomy may save the
muscle and nerv es of the limb . Whitesides et al. (43) sug-
gested “there is inadequate perfusion and relati ve ischemia
when the tissue pressure within a closed compartment rises to
within 10-30 mm Hg of the patient’s diastolic blood pressure.
Fasciotomy is usually indicated, therefore, when the tissue
pressure rises to 40-45 mm Hg in a patient with a diastolic
blood pressure of 70 mm Hg and an y of the signs or symp-
toms of a compartmental syndrome.” If the intracompartment
pressure (ICP) is critically high for more than 8 hours using
Whitesides’ criteria, neuromuscular damage is irre versible
(46). 

When the victim has motor or sensory f indings, or if the
limb is very tight and tender with or without a fracture, then
compartment syndrome probably e xists. Confusion e xists
when the patient has none of the pre viously mentioned prob-
lems. In cases where symptoms or physical f indings are not
clear-cut, measuring the ICP will be very useful. The absence
of clinical findings suggestive of the compartment syndrome
has a negative-predictive value of over 97% (47).

PREPARING FOR THE FUTURE

First responders and other medical professionals must be fa-
miliar with the logistical, medical, and surgical issues re-
lated to disaster management of victims trapped under col-
lapsed buildings and other structures. Much of the historical
morbidity and mortality resulting from natural and man-
made disasters could ha ve been lessened, were it not for
poor mobilization of rescue efforts. 

Early rescue should focus on the management of hyper-
kalemia, hypovolemia, and circulatory collapse. In the days
that follow, attention should shift to minimizing the conse-
quences from acute muscle injury, especially the avoidance
of acute compartment syndrome and aggressi ve manage-
ment of sepsis.

Individual governmental agencies, universities, and other
entities responsible for clinical education must coordinate
their efforts to better prepare health care responders to dis-
aster scenarios.

Communication networks must be de veloped to enable
regional health systems to be a ware of potential e vents 
requiring effective organization of crush victim rescue oper-
ations. Systems are needed to deploy resources to a disaster
event site to provide a sufficient stream of supplies, such as
intravenous fluids, intravenous setups, and fracture immobi-
lization equipment. This type of infrastructure w ould be 
accountable for the updating of k ey databases, resource 
utilization, and educational information.

Several potential areas of focus of disaster response
preparation include the following:
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1. Education of laypeople to assist professionals with
structural rescue, basic life support, and potential
structural collapse in communities where large popula-
tions exist

2. Coordination with the local media to reinforce rescue
and medical concepts pertaining to disaster prepared-
ness including issues relating to rescue and prognosis
in crush syndrome

3. Development in each community of practice scenarios
relating to extrication of victims who are trapped
under damaged building structures

4. Preparation of effective guidelines through scientific
investigations to develop evidence-based guidelines
and to determine “best practices” relating to rescue,
communication, and medical issues dealing with crush
syndrome 

QUESTIONS AND ANSWERS

1. Which of the following is FALSE?
A. The term “crush syndrome” has been applied to the

ischemia-induced syndrome of myonecrosis, myo-
globinuria, and renal failure after crush injuries.

B. Prolonged pressure to the limb or abdomen leads 
to a breakdown of the integrity of the muscle cell
membrane and derangement of cellular transport.
This occurs when individuals are trapped under
fallen debris during earthquakes, bombings, and
other disasters.

C. Crush syndrome may cause a syndrome of rhab-
domyolysis and ARF, hypokalemia, DIC, car-
diomyopathy, and other systemic manifestations
that may be fatal if not treated promptly and 
properly.

D. Delivery of fluids to a victim of crush injury is the
critical feature in the proper resuscitation of the 
patient. 

E. The time to recovery is a significant factor in 
determining the success of extrication from col-
lapsed structures.

2. Which of the following has been shown to prevent
renal failure in severe crush syndrome cases?

A. Administration of an average of 12 L/day of fluid
with sodium bicarbonate and mannitol to 75-kg
adults

B. Calcium ethylrnrdiaminetetraacetic acid 
C. Sodium polystyrene sulfate
D. High-dose dopamine
E. Fluconazole

3. Crush victims may have a variety of causes of renal
failure. These include each of the following, EXCEPT:

A. Dehydration
B. Hypotension
C. Bleeding
D. Hypertension
E. Rhabdomyolysis

4. Which of the following is FALSE?
A. ARF in rhabdomyolysis can be mitigated most ef-

fectively by the initiation of early parenteral
sodium chloride treatment aimed at increasing
renal blood flow and decreasing the concentration
of nephrotoxic pigments early after the release of
the victim.

B. Anyone who has had a limb or abdomen trapped
under the ruin for a few hours (crush injury) or has
a limb fracture is prone to develop a compartment
syndrome and consequently crush syndrome.

C. Early diagnosis of compartment syndrome is very
important because there is only a brief period of
time when fasciotomy may save the muscle and
nerves of the limb.

D. A very important principle relating to the initial
treatment of crush injury is the risk of acute deteri-
oration and sudden death with release of pressure
on the involved extremity. 

E. After crush injury, myoglobin released from mus-
cle cells damages renal tubules and, particularly in
the presence of severe hypovolemia, may cause
proliferative glomerulonephritis.

ANSWERS
1: C. Crush syndrome may cause a syndrome of rhabdomyolysis

and ARF, hypokalemia, DIC, cardiomyopathy, and other
systemic manifestations that may be fatal if not treated
promptly and properly.

2: A. Administration of an average of 12 L / day of fluid with
sodium bicarbonate and mannitol to 75-kg adults

3: D. Hypertension
4: E. After crush injury, myoglobin released from muscle cells

damages renal tubules and, particularly in the presence 
of severe hypovolemia, may cause proliferative glomeru-
lonephritis.
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INTRODUCTION

In this post–September 11 era, more horrific acts of ter-
rorism will likely occur in the United States. Health care
providers must be ready to respond and coordinate their
actions. This chapter identif ies basic definitions of com-
monly used terms, discusses the need for standardized ed-
ucation and training, provides an o verview of disaster
planning, and demonstrates the importance of good com-
munication among all agencies and responders in volved
in disaster management. Furthermore, several essential el-
ements vital to disaster preparation and response are re-
viewed in the context of an all-hazards approach. 

PREPAREDNESS ESSENTIALS, HISTORIC
EVENTS, AND CASE HISTORIES 

There are man y examples of terrorism e vents in or di-
rectly affecting the United States. The devastation result-
ing from the events of September 11, 2001, will never be

forgotten. Historically, several different types of terrorism
and attempts at utilizing weapons of mass ef fect are
noted. There have been reports of f ailed attempts (1), nu-
merous anthrax hoaxes (2,3), and actual attacks, such as
the inoculation of salmonella into Ore gon salad bars in
1984 (4), the New York City Trade Center bombing in
1993 (5), the release of sarin in Japan in 1994 (6) and
again in 1995 (7), the Oklahoma City bombing in 1996
(8,9), and the U.S. embassy bombings in K enya and Tan-
zania in 1998 (10).

Over the years, the increasing likelihood of the use of
weapons of mass destruction (WMD) on lar ge popula-
tions has been discussed in v arious official publications,
from international go vernment alerts to congressional
hearings (8,18). The threat is real regarding the use of nu-
clear, biological, and chemical (NBC) agents and is due to
the sheer number of weapons in the NBC arsenal w orld-
wide, global security limitations, and changes in the polit-
ical and overall socioeconomic status and stability of sev-
eral countries (12). Although the threat of nuclear e vents
is important, historically the use of chemical and biologi-
cal agents is utilized more frequently (13,14). In addition
to terrorist events and the military use of weapons, there
are many examples of natural disasters including e vents
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requiring a national response, tornados in prone re gions,
devastating earthquakes worldwide (e.g., in Iran and
Turkey), the severe flooding and forest fires in California,
and the devastation from hurricanes in the Caribbean and
the United States. Volcanic eruptions, such as that of
Mount Saint Helens in 1980, also demonstrated that the
risk of natural disasters is real in the United States and
throughout the world. All of these events have a high po-
tential for multiple injuries and f atalities, and they all
have the potential to recur and create more havoc.

Mass casualty incidents (MCI) from e vents other than
terrorism have identified and shaped the e volution of the
disaster response in the United States. F or example, when
two commercial airliner crashes and a lar ge military heli-
copter crash occurred over a 3-year period in Dallas, Texas,
although not caused by terrorism, it significantly impacted
the medical response approach in the Dallas-F ort Worth
(DFW) area, as stated by Klein (15): “Working at a level 1
trauma center, we shared an attitude of complacency about
disaster drills. We had a disaster plan, the available man-
power, the experience, and the knowledge, and we felt con-
fident that we could handle a local disaster. The knowledge
we gained through three aircraft disasters pro ved to us that
most of our perceptions were wrong” (15).

DEFINITIONS

Terminology such as “WMD, ” “MCI,” and “all-hazards”
are important to understand because the y frequently have
varied and broad definitions. Take the word “disaster,” for
instance. Its definition encompasses the loss of life, loss
of property, loss of control, and many injured or killed. A
disaster has been described as an emer gency that disrupts
normal community function and causes concern for the
safety, property, and lives of its citizens (16). The Joint
Commission on Accreditation of Healthcare Or ganiza-
tions (JCAHO) defines an emergency (disaster) as “a nat-
ural or manmade event that suddenly or signif icantly dis-
rupts the en vironment of care; disrupts care and
treatment; or changes or increases demands for the or ga-
nization’s services” (17). Depending on the readiness and
sheer ability to handle a certain magnitude of an e vent, a
disaster is practically def ined as an y event that e xceeds
the capabilities of the response. A “disaster” is present
when need exceeds resources. “All-hazards” are a collec-
tion of various human-made and natural e vents that have
the capacity to cause multiple casualties. “ All-hazards
preparedness” is the comprehensi ve preparedness re-
quired to manage the casualties resulting from possible
hazards. Frequently, events exceed the quantitati ve or
qualitative ability of the on-site responders or recei ving
hospitals to treat and transport the casualties in volved.
This is considered a “mass casualty incident” (MCI). The
term “casualty” refers to a person who is ill, injured,
missing, or killed as the result of an e vent. And the term
“incident” is used when a signif icant event has occurred
that requires scene and casualty management (18).

Many organizations, including emergency medical
services (EMS), fire, municipal, and hospital, must be in-
tegrated to provide seamless patient care from the out-of-
hospital to the hospital setting. This effort will involve lay

individuals such as hospital administrators, local and state
emergency planners, law enforcement personnel, poison
centers staff, laboratory agencies staf f, industry person-
nel, public health of ficials, safety officers, and medical
specialists (19–22). A seamless integration requires an ap-
proach that is quite simple yet effective. 

Planning

After the terrorist attack on the World Trade Center on
September 11, 2001, the disaster management commu-
nity’s review of the incident identified areas of needed im-
provement. Among the difficulties encountered were poor
communication, lack of standardized training, and incon-
sistent definitions of key terms, principles, and concepts
including interagency jargon. The intended result of this
retrospective analysis has enabled the disaster response
community to remediate any such future catastrophe with
better planning and ideally more favorable outcomes. The
communication infrastructure must be designed with mul-
tiple levels of redundanc y in order to accommodate for
failure at one or more le vels. Hospitals, state, and federal
agencies must be able to communicate v aluable informa-
tion in spite of dif ficulties and demand on the system.
During the World Trade Center disaster , communication
among the Fire Department (FDNY), Police Department
(NYPD), and EMS was interrupted because major equip-
ment was located at World Trade Center to wer number
one. Similarly, vital organizations charged with the coor-
dination of any disaster, such as the Office of Emergency
Management (OEM), should not be located in a b uilding
that is a potential target for terrorist activities.

To utilize resources appropriately and ef fectively and
distribute victims of a disaster, hospitals, EMS, and the lo-
cality (community, region, or state) must f irst clearly un-
derstand their own capabilities and capacities and then be
able to assess rapidly the magnitude of the response needs.
This is very important because the outcome of disasters is
always significantly impacted by the local community’ s
response during the initial phase of management. 

Historically, the literature cites e xamples of cate go-
rizing the magnitude of a MCI using a system of MCI
levels. Level I MCI is an emer gency that is manageable
with medical resources a vailable within the locality b ut
produces alterations in the normal deli very of medical
care. This level designation implies that the capability
exists for local EMS to provide adequate field triage and
stabilization and for local health care f acilities to pro-
vide adequate diagnosis and treatment. Le vel II MCI is
an incident associated with signif icant numbers of casu-
alties that exceed the normal medical response capabil-
ity of the involved community. Routinely available mul-
tijurisdictional mutual aid and medical support are
required and pro vide an adequate response to meet the
demands of the incident. Level III MCI is a medical dis-
aster that overwhelms the capabilities of routinely avail-
able local and re gional resources, exceeds the capacity
of available multijurisdictional medical mutual aid, and
frequently necessitates state or federal support (23).

When a MCI is reported to the health care system, it
communicates to the appropriate agencies and to the com-
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munity that a certain amount or le vel of response is ur-
gently needed and emer gency preparedness plans should
be put into motion. The goal in a MCI is to do the greatest
good for the greatest number of potential survi vors (16).
This requires a coordinated plan to mobilize the responses
from local, regional, and national sources in a predeter-
mined manner. Whether or not a MCI has occurred de-
pends on several variables. This would include the overall
number of casualties, the severity and type of casualties,
equipment demands, facilities capabilities and sur ge ca-
pacities, transportation requirements, scene safety such as
hazardous materials team (hazmat) risks, secondary de-
vices, and other items that increase the likelihood of caus-
ing more victims. Other issues include the continued
functionality of the local community; the impact on clean
water supply, power sources, and key roadways; the abil-
ity of the incident to remain static or the potential for
spread; and the potential for a national threat, such as in
the recent anthrax incidents.

Hospitals not within the immediate area of the disaster
scene do not all have to be prepared to the same extent and
at the same time. If appropriate communication e xists
among hospitals, OEM, and EMS, hospitals will then have
the ability to scale the response based on the lik elihood of
patients being transported to any given hospital. It is imper-
ative that ef fective communication be maintained among
hospitals during a disaster. During the World Trade Center
disaster in 2001, significant amounts of time, effort, and re-
sources were expended in hospitals not located in the im-
mediate vicinity of ground zero. Man y hospitals were pre-
pared but did not recei ve patients. Hospitals closest to the
disaster site should care for the critically ill while distant
hospitals could manage the walking wounded, for example. 

Emergency management plans must address four phases
of activities during a disaster: mitigation, preparedness, re-
sponse, and recovery. The goal of mitigation planning is to
lessen the se verity and impact of a potential emer gency.
This process be gins by identifying potential hazards,
known as a hazard vulnerability analysis (HV A), that may
affect an organization’s operations such as a subway, hospi-
tal, or any building that may be at risk for natural or
human-made disaster. During this phase, strategies are de-
veloped to support perceived vulnerabilities most lik ely to
occur. Preparedness acti vities involve the construction of
organizational capacity to manage the ef fects of an emer-
gency. This includes but is not limited to resource inventory
of supplies and equipment, advanced arrangements with
vendors and health care netw orks, staff orientation and
training, and organizational rehearsals or drills.

The response phase is the real-time confrontation with
an event. The goal is to control the ne gative effects of the
incident. Management must take steps to initiate the emer-
gency plan, continually assess and reassess the situation,
and frequently set new objectives. Occurring concurrently
with the response phase are reco very activities. The main
initiative is to restore essential services and resume normal
activities with minimal delays. Issues such as loss of re v-
enue, staff support, and community reaction are addressed.

Disaster planning should incorporate multiagency, mul-
tidisciplinary coordination and information sharing, evac-
uation procedures, and integration of unsolicited emer-
gency responders and spontaneous ci vilian volunteers.

Additional disaster planning components to be addressed
include the coordination of widespread search and rescue,
triage, emergency medical care, casualty distribution, vic-
tim tracking, hazmat decontamination, security, restric-
tions of site access, and handling of the dead. Logistics to
be addressed include support for emer gency personnel
(food, shelter, sanitation, etc.), public information dissem-
ination, and mass media control, insight, and involvement. 

At the institutional level, the development of an exter-
nal and an internal emergency contingency plan should be
considered. An external disaster is anything that indirectly
affects the institution infrastructure. This type of an event
in the health care arena mainly addresses ho w increased
numbers of patients will be triaged, decontaminated,
transported, and treated. An internal disaster includes
conditions that affect a facility directly and may be an ex-
tension of an e xternal emergency. This type of disaster
carries the additional burden of not just caring for patients
but also ensuring the safety of patients and staff.

Educational Needs

The mission of the U.S. health care system has been
changed by acts of terrorism that ha ve occurred. Although
disaster preparedness has al ways been a focus within the
health care community, recent events are serving to refocus
this preparedness to a new level. Publications have reported
opportunities for improvement in several areas. A 2001 sur-
vey suggested that 100% of hospitals surveyed were inade-
quately prepared for a biological incident and 73% were in-
adequately prepared for a chemical or nuclear e vent (24).
In another surv ey of o ver 180 emer gency departments,
fewer than 20% of hospitals had plans for dealing with bio-
logical or chemical weapons e vents (25). The lack of pre-
paredness suggests a lack of training, and this theory w as
supported in research that found inadequate training in our
current educational process for the tar get groups who
would be called on to deal with a WMD incident (16).

The need for a uniform, coordinated approach to mass
casualty management is critical to all-hazards prepared-
ness. This is best accomplished by standardized training
that provides peer-reviewed, validated, didactic, and prac-
tical training for the responders to mass casualty e vents.
In the emergency medicine literature, one model suggests
a dual phase approach (2). Phase I must focus on the
(a) identification of the needs, demands, and feasibility
for MCI-related training, (b) determination of the barriers
and challenges related to deli vering MCI training, and
(c) development of high-le vel educational goals and
strategies to attain the identif ied goals. Phase II must
focus on the (a) re view of educational curricula for each
of the tar get audiences and of the e xisting courses,
(b) definition of levels of proficiency and development of
associated behavioral objectives, (c) identification of rec-
ommendations for inte grating WMD and other disaster
content into initial and continuing education, (d) identifi-
cation of recommendations for sustaining WMD and other
disaster knowledge and skills, and (e) specif ication of
techniques to ensure continuing proficiencies (16). 

Several areas important to disaster management are
traditionally absent or lacking in current health care
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provider education. These include casualty decontamina-
tion, regulatory and legal issues, media and communica-
tions, mass fatality management, personal protective
equipment (PPE), and decontamination, as well as com-
munity, state, and federal resources. In addition, the be-
havioral aspects and o verall psychological impact of dis-
aster management must be addressed. The potential
long-term psychological impact of disasters on respon-
ders and their careers is signif icantly related to the a vail-
ability of proper psychological impact management.
Communication is a k ey to managing the psychological
impact. Effective communication methods and proper in-
teractions with the media are therefore vital to operations
during a disaster. Education and training programs need
to be included in disaster planning. Community and hos-
pital disaster planning is the foundation of an effective re-
sponse to a MCI, and standardized preparedness methods
and models are essential for maximizing success.

The positive impact in clinical skills deli very has been
noted in se veral successful standardized training initia-
tives. At the citizen le vel, consider the impact on victim
survival and the performance of cardiopulmonary resusci-
tation (CPR). At the health care provider level, nationally
recognized and validated training programs such as Ad-
vanced Cardiac Life Support (A CLS) and Advanced
Trauma Life Support (ATLS) over the past three decades
have standardized the management of cardiac and trauma
care, respectively. Furthermore, these courses ha ve be-
come a standard part of civilian and U.S. military medical
training and continuing medical education (CME).

The American Medical Association (AMA) is leading a
national and international initiati ve to meet this critical
need in health care disaster preparedness through the im-
plementation of a standardized training program. Under a
federal appropriation managed by the Centers for Disease
Control and Prevention (CDC), disaster management edu-
cational programs were initiated from all-hazards training
programs developed by a v ariety of academic, state, and
federal centers. These groups formed the National Disas-
ter Life Support Educational Consortium (NDLSEC) that
now consists of both international and domestic leaders in
disaster management. The NDLSEC has designed a series
of courses that includes Advanced Disaster Life Support
(ADLS), Basic Disaster Life Support (BDLS), and Core
Disaster Life Support (CDLS). 

The National Disaster Life Support (NDLS) group of
courses serves a broad tar get audience, which includes
physicians, nurses, paramedics, emergency medical tech-
nicians (EMTs), pharmacists, veterinarians, physician as-
sistants (PAs), nurse practitioners (NPs), laboratory tech-
nicians, law enforcement of ficers, city officials and
planners, as well as other health care pro viders and non-
medical groups. The Core Disaster Life Support (CDLS)
course is focused on the all-hazards preparedness needs of
first responders, nonmedical personnel, and as an intro-
duction to the topics for other health care pro vider types.
Basic Disaster Life Support (BDLS) is a review of the all-
hazards topics including natural and accidental human-
made events, traumatic and explosive events, nuclear and
radiological events, biological events, and chemical
events. The Advanced Disaster Life Support (ADLS)
training program is designed for the BDLS pro vider and

consists of an intensi ve practicum 2-day course with
training focused on skill development and reinforcement. 

ELEMENTS

Education and training is critical to all aspects of disaster
preparedness. Several elements in disaster management
have been identif ied as areas in which performance im-
provement is needed. These essential elements are common
to all aspects of disaster management and include detection,
incident command, scene safety and security, assessment of
hazards, support, triage and treatment, and evacuation and
recovery (18). An introductory review of these essential top-
ics will lay the foundation for assisting health care providers
in assessing their own training and educational needs. These
and many other topics will be further de veloped in detail in
the following chapters. 

Detection is a wareness. Detection utilizes surv eillance
methods to audit or screen for patterns of illness or agent
identification clues. During an incident, detection involves
the recognition of a situation that will lik ely overwhelm the
resources available to the on-scene pro viders or the receiv-
ing health care facilities. It may be from an ob vious source
such as damage sustained from a tornado or from a source
more difficult to identify such as in the case of a biological
agent release. 

The Incident Command System (ICS) started as an ap-
proach to the problem of managing rapidly mo ving wild-
fires in the early 1970s. Originally, an interagency task force
comprised of local, state, and federal representatives called
FIRESCOPE (Firefighting Resources of Southern Califor-
nia Organized against Potential Emer gencies) was formed.
The original ICS concepts have been modified to all phases
of disaster preparedness and management to facilitate an or-
ganized response to all-hazards. Standardization of termi-
nology and a uniform system for coordination across agency
and facility lines is the goal of ICS. Although several varia-
tions of the original ICS e xist, the majority have the same
key elements, including the unif ied incident command,
planning, finance, logistics, and operations. The unified in-
cident command section includes the incident commander
and the staff that leads the component areas. Planning in-
volves strategic assessment and component analysis. Fi-
nance is the administration component and involves the con-
tracting and payment necessary to obtain the resources
needed. Logistics is responsible for obtaining and providing
all the personnel, equipment, supplies, and services to ac-
complish the mission. Operations are the implementation of
event management at the scene or f acilities involved in the
incident. This coordinated scene effort reflects the multitude
of agencies responsible for incident management such as
fire, medical, law enforcement, and many others. 

Safety and security are v ery important at e very stage in
disaster management. In the hospital or prehospital situa-
tion, many factors affect safety and security such as ef fec-
tive communication, scene access, hazard recognition,
crowd control, and others. Assessing hazards is a key aspect
of safety and security. Remember always that protection is
more valuable than identification. Utilizing proper personal
protective equipment (PPE) and applying sound principles



of scene management that protect the responders will ulti-
mately help victims and the general public. Maintaining an
all-hazards approach to each incident is important.

Terrorism has expanded the scope of hazards that must
be considered. The use of secondary de vices, which are in-
tentionally placed devices intended to detonate or cause fur-
ther destruction or injuries after the initial e vent has oc-
curred, are a signif icant threat to all scene response
personnel. Some of the injured may be the e vent perpetra-
tors who may still remain armed and represent a serious
threat to those responding. In addition to these relati vely
new considerations, there is the multitude of usual hazards
to consider such as do wned power lines, fire, explosions,
natural gas line ruptures, structural collapse, adverse
weather, toxic fumes/smoke inhalation, and so on. 

Support is having what is needed readily available to get
the task completed. Pro viding support in this manner re-
quires an effective ICS. Each responder must be able to as-
sess and communicate effectively his or her own capabilities
and capacities as well as size up the incident. 

Triage is the sorting of victims based on the se verity of
injury and likelihood of survival. Historically, there is not
any standardized system of triage uni versally accepted in
civilian health care. The U.S. Department of Defense
(USDOD) utilizes a standardized triage approach that has
been effectively used in the setting of military operations for
many years. In civilian health care, however, there are many
triage models in existence that may have significant limita-
tions. Some of them w ould be better def ined as individual
patient assessment tools because they are not effective at the
initial sorting of patient groups. Others in volve somewhat
complicated scoring systems to quantitate se verity that is
difficult to apply in actual events. Terminology and color as-
signments to each group complicate the matter further and
include immediate versus urgent, delayed versus nonurgent
versus minimal, and different methods of victim identif ica-
tion tagging.

The NDLS program sponsored by the AMA is helping
establish a standardized triage method appropriate to all vic-
tim scenarios (18). The objective is to modify and improve,
over time, a triage system through appropriate research and
evaluation while practically meeting the current need for a
common triage system. The MASS Triage model, a modi-
fied version of standard military triage, is gaining wide-
spread civilian acceptance. The MASS Triage model in-
cludes four areas: move, assess, sort, and send. These four
action steps serve to group patients, assess them individu-
ally, identify need for immediate life-sa ving interventions,
and determine transportation needs for the injured. Injury
categories and color designation for victim group assign-
ment are standardized for ease of use. A complete descrip-
tion of this system can be found in the NDLS Provider Man-
uals sponsored by the AMA (18). 

The treatment of the injured victims be gins at the inci-
dent scene and continues throughout the chain of care. The
amount of treatment delivered depends on the resources and
provider skills available. Terrorism can significantly affect
the treatment delivery phase of disaster management. The
ongoing threat of a secondary de vice may demand the im-
mediate removal of the injured or the responders, thereby
altering the typical treatment response phase. The sheer

number of victims as well may alter the treatment deli vered
at the scene or a receiving facility. Many of the treatment al-
gorithms of pediatric, cardiac, and trauma care apply to the
treatment of victims of terrorism. Ho wever, there are many
aspects of mass casualty management that may need addi-
tional algorithms. For example, several of the weapons of
mass effect, such as nuclear, biological, and chemical, are
not traditionally covered. 

The evacuation of everyone from the scene is a primary
focus of incident management. The transportation of the in-
jured to appropriate health care facilities, establishing desig-
nated treatment areas, the safe removal and return to duty of
response personnel, and the removal of the general public
from the area are important. Terrorism superimposes addi-
tional complexities (e.g., a sniper, an unexploded ordinate,
or unidentified secondary de vice) to the e vacuation phase
that may alter the evacuation effort. 

Recovery begins immediately after the incident occurs
and is the long-term objective and overall goal of MCI man-
agement (18). Minimizing the immediate as well as long-
term impact of the e vent are the o verall objectives. This in-
volves many different areas including reestablishment of the
local health care infrastructure, which may require the use of
state or federal resources to accomplish. The immediate need
for shelter and fresh water may be needed in the early recov-
ery phase. During this phase, the psychosocial impact of the
incident is important. The psychosocial impact on the vic-
tims, their families, responders, the public, and all personnel
involved must be considered early and maintained long term.
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SUMMARY

All-hazards planning and preparation for terrorism
is a serious requirement of the health care deli very
system in the United States. The horrific acts that
have been committed and the threat of additional
incidents validate this position. Standardized
training and education is fundamental to ef fective
preparedness. In this introductory chapter a number
of essential principles and components of disaster
management related to terrorism ha ve been
identified. Throughout the remaining chapters of
this textbook, these and many related topics will be
addressed in more detail.
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23
Scene Preparedness
Marc Eckstein and Ray Fowler

INTRODUCTION

Preparedness is the k ey to being able to respond safely
and efficiently to terrorist incidents. Even though one cer-
tainly cannot plan for e very possible contingency, certain
fundamentals must be in place to maximize the ef fective-
ness of the response and mitigation of this type of inci-
dent. This chapter discusses the k ey elements of scene
preparedness that must be in place in order to minimize
the resultant loss of life.

PREPAREDNESS ESSENTIALS

LOCAL CAPABILITY

The Emergency Medical Services (EMS) agenc y planning
for terrorist events should know the capabilities of the local
EMS system. In order to prepare for the potential “mass ca-
sualty” incident, the planner should ha ve answers to these
questions. How many EMS resources are a vailable at an y
one time on a “normal” day? Of these resources, how many
ambulances are available? 

This local capability assessment is the f irst step in deter-
mining the overall needs of any particular system. If only a
few ambulances are on the streets, how can scores of patients
be transported from an e vent resulting from a terrorist inci-
dent? An example of such a capability assessment w ould be
found in planning for a smallpox outbreak. The planner
should, for example, identify a cadre of medical provider in-
dividuals who could serve in the role of “mass v accinators,”
in coordination with the public health department. Such a
cadre can be screened for their “prevaccination” appropriate-
ness through various methods, such as Internet-based serv-
ices (See www .smallpoxscreen.us) (1). Additionally, the
American Medical Association (AMA) Center for Disaster
Preparedness and Emergency Response maintains a database
of providers that are trained in smallpox immunization skills

from their Advanced Disaster Life Support (ADLS) course
(2). This database may be essential in the identif ication of a
skilled workforce in the event of a smallpox outbreak.

MUTUAL AID

Most EMS pro vider agencies, especially smaller ones,
typically have mutual aid agreements in place. These
agreements serve to quickly augment the normal capacity
of a system, both in terms of manpo wer and transport re-
sources. Questions that the EMS agenc y preparing for a
medical terrorism e vent must answer include: How many
additional ambulances can be summoned? What is the es-
timated time to get these additional resources on-scene?

A mutual aid agreement usually stipulates that re-
sources and personnel will only be pro vided if conditions
permit (i.e., if the other agencies can spare some of their
resources). Obviously, this will depend upon the scope
and location(s) of the incident. For this reason, it is bene-
ficial to have mutual aid agreements in place with multi-
ple agencies. One important factor to consider in terms of
the provision of mutual aid staf fing and equipment is that
all agencies typically account for their full-time and part-
time personnel rosters. Full-time personnel commonly
work part-time at other agencies and thus may be counted
as a resource for a second agenc y (or more). Thus, per-
sonnel rosters may indeed sho w a lar ger number of per-
sonnel than are physically a vailable to respond because an
individual responder may be counted as a potential re-
sponder by more than one agency.

CALLBACK SYSTEM

Each system should ha ve an internal system in place to aug-
ment its daily staffing with a callback/holdover system. In the
event of a terrorist incident, which may generate a large num-
ber of patients, a system must be in place to recall of f-duty
personnel and augment resources with reserve apparatus. This
callback system must be as automated as possible, with at
least one backup method in place. Relying on off-duty person-
nel to call a single phone number for instructions is impracti-

http://www.smallpoxscreen.us


cal because of the overwhelming number of calls that come in
to individual(s) answering the phone. Additionally, out-of-
service (or crowded) land-lines make a backup method of con-
tact essential.

A functional callback system ensures the availability of ad-
ditional personnel and acti vation of additional reserv e equip-
ment. Off-duty personnel must ha ve specific, preauthorized
standing orders that direct them where to go and to whom to
report. The spontaneous response of numerous of f-duty
FDNY firefighters from their homes directly to the World
Trade Center incident, for example, created a myriad of addi-
tional problems. “Chain of command and control” and ac-
countability issues arose as additional manpo wer entered the
“immediate danger to life and health” (IDLH) area without the
knowledge of an y supervisors. Also, responding individuals
may have been placed at risk by not having the basic personal
protective equipment (PPE) that the on-duty firefighters had.

INCIDENT COMMAND SYSTEM

Strict adherence to the incident command system (ICS) is es-
sential to respond to a terrorist incident optimally (Fig. 23-1).
The only way to fully incorporate the ICS into a terrorist inci-
dent is to utilize ICS appropriately in the daily operations of the
EMS agency. One of the advantages of the ICS is its fle xibility
and adaptability. Therefore, the ICS should be used whether an
incident involving 2 patients or 200 patients is being handled.

In establishing the ICS, it is imperative for the first-arriving
resources to provide an accurate “size-up” of the scene. The es-
timated number of patients should be determined through stan-
dard triage sorting using a triage assessment system such as the
MASS (Move-Assess-Sort-Send) triage method (Fig. 23-2)
(2–4). This system, which utilizes standard military triage cate-
gories and is compatible with man y civilian triage systems
(such as START Simple Triage and Rapid Transport), allows
first responders to rapidly identify the number of “Immediate, ”

“Delayed,” and “Minor” patients that must be managed, as well
as the number of persons in the “Expectant” category that have
been identified. By separating patients based on their ability to
ambulate or move, patients are separated into cate gories based
on the gross motor component of the Glasgo w Coma Score
(GCS). There is evidence that supports the gross motor compo-
nent of the GCS as the most sensitive indicator of who will sur-
vive and who will not (2–6). One additional critical point is that
triage is a dynamic process. P atients may change cate gories
upon reassessment as patients initially identif ied in one group
may improve or worsen. Additionally, Expectant patients should
be upgraded to Immediate when resources become a vailable to
care for them.

Any identified or potential hazards must be delineated to
allow incoming personnel to take the necessary precautions and
don the appropriate PPE. This hazard assessment cannot be
overemphasized enough. Secondary e xplosive events, such as
the secondary bomb that w as detonated at the Atlanta clinic
bombing and the second plane crash into the World Trade Cen-
ter, have shown that injury to emer gency providers is of major
concern. This risk is not just to the lives of the providers but also
to the ultimate mitigation of the effects of the incident.

In addition to estimating the number of patients, a command
post location and designation should be made. A location for the
staging of incoming resources must be established. Instructions
must be broadcast through appropriate channels re garding the
safest approach to the incident. Important questions that must be
immediately addressed include:

� Is a parking area nearby for apparatus to stage?
� Should the parking area be uphill from the event?
� Is the wind direction pertinent so that resources should

approach from an upwind direction?
� Where will the responding agencies park, so that ingress

and egress can be controlled carefully?

An individual must remain with each v ehicle with the keys
to the vehicle so that no responding unit blocks the egress of
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another vehicle when patient transport—or potentially e x-
panding hazard—requires the mo vement of the v ehicle. Fi-
nally, the command post location should allow for an expand-
ing incident and for the arri val of additional agenc y/
department representatives.

Establishing a unified command is essential for any terror-
ist incident. “Managers” from each key agency involved in
such an incident must be designated. In variably a need will
arise for representatives (“agency reps”) to be present from
law enforcement, fire suppression, EMS, public health, fed-
eral agencies, and so on. The overall commander for the inci-
dent will depend on the type of incident. A multiple casualty
shooting incident with the shooter still on-scene, for example,
will typically have a law enforcement leader serve as the inci-
dent commander (IC), whereas a chemical weapons release
would likely have a fire department officer serve as the IC.

SPECIALIZED RESOURCES

Larger EMS provider agencies, particularly those that are
fire department-based, typically have the ready a vailabil-
ity of a number of specialized resources. Some of these
resources that may be needed for a terrorist incident in-
clude hazardous materials (hazmat) teams and equipment,
decontamination (decon) teams and equipment, metropol-
itan medical response system (MMRS), Tactical Emer-
gency Medical Support (TEMS), and so on. The greater
the availability of these specialized resources on a regular

basis, the faster they can respond to such an incident. This
faster response will make it easier to integrate these teams
into an operation. This is because the individuals compris-
ing these teams will re gularly train with the other f ire-
fighters and agencies and will become accustomed to
working within the same chain of command. Logistical is-
sues such as unfamiliarity with the ICS, different types of
PPE, different radio frequencies, different medical proto-
cols, and different standard operating procedures (SOPs)
make the integration of some of these specialized teams
very problematic at a real incident.

MEASURES OF SUCCESS

How can the successful mitigation of a terrorist incident
be measured? Three benchmarks by which to measure
success in this area are useful:
1. No responder became a victim during the event.
2. Potentially salvageable patients received care in a

timely manner.
3. The time elapsed from the time of alarm of the inci-

dent until the time of transport of the last Immediate
patient was kept to a minimum.
Item 1 is self-e xplanatory. How do f irst responders,

whether they are f irefighters, emergency medical techni-
cians, or law enforcement of ficers, avoid becoming vic-
tims? With proper training and constant reinforcement,
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first responders will maintain appropriate vigilance to
suspect a terrorist incident e very time they respond. This
vigilance actually begins with properly trained dispatch-
ers. If multiple calls are recei ved by the dispatch center
for “persons down,” especially in an enclosed location (or
a “high risk” location), it is incumbent upon the dispatch
center to notify the f irst responders that multiple calls on
this incident for multiple victims ha ve been received, es-
pecially if callers are describing a particular constellation
of signs and symptoms (such as one of the “toxidromes”).
Such prompting by the dispatcher should advise the use of
caution by the f irst responder and may result in a lar ger
dispatch of multiple resources, including the closest haz-
mat squad to perform air sampling. This warning should
prompt the first responders to consider donning the appro-
priate level of PPE as they approach the incident location.

The role of the call-taking and dispatch agency in com-
munity preparedness for terrorist e vents bears careful ex-
amination. Indeed, this agency is often the first contact of
professionally organized resources with the event (though
on-scene professional personnel, such as public safety in-
dividuals, may already be present). Thus, those preparing
the community for potential terrorist events must be espe-
cially skilled in such areas as the interpretation of e vents
that may have multiple victims. An example would be in
setting to high priority those calls coming to the agency in
which multiple victims ha ve altered levels of conscious-
ness and/or are e xperiencing various other emer gency
conditions, such as seizures. This would quickly give con-
cern to the agency that a potential toxic exposure is ongo-
ing, and thus appropriate w arning would be quickly con-
veyed to responding agencies. Many agencies are utilizing
computer-based syndromic surveillance for just this pur-
pose: to identify conditions and situations in which multi-
ple victims of v arious conditions must be identif ied
(shortness of breath, for example), and to help prepare re-
sponding agencies for potential hazards (7).

In order for the first responders to avoid becoming vic-
tims, they must have received both the proper amount of
training and the necessary PPE. What is the necessary
training? One could ar gue that there is ne ver “enough”
training. This is particularly true for the “lo w frequency-
high risk” incident, which is precisely what best describes
a terrorist incident. Recognition of certain clues and “red
flags” will increase the likelihood that the first responders
will be judicious before rushing into an incident location
and becoming victims themselv es, thereby exacerbating
the problem rather than helping to mitigate it. 

The following are important “red flags” that should
prompt concern on the part of the f irst responders to an y
emergency situation:
1. Multiple victims in relatively close proximity—The

presence of multiple victims in close proximity sug-
gests a chemical or vapor hazard, especially if the 
victims are inside a structure. These multiple victims
close together are likely suffering the effects of the
same hazard, and due caution must be exercised by 
the responder.

2. The incident location is a “high-risk” target—All first
responders must be thoroughly familiar with all known
high-risk locations in their areas. Some of these so-

called high-risk locations include potential targets for
terrorists. Such targets may include houses of worship,
gathering places for political conventions, women’s
health care facilities, and sports arenas. Any call from
such a location should prompt the highest level of 
vigilance on the part of the first responders. 

3. Patients are reportedly exhibiting similar symptoms—
Several patients with similar signs and symptoms sug-
gest exposure to a single, common offending agent. 
Indeed, a common constellation of symptoms may
suggest a “toxidrome,” that is, exposure to an agent
that produces predictable symptoms in the victims.
While the agent’s effects may be delayed or immedi-
ate, the rapid recognition of such a clinical pattern in
the victims should prompt the first responders to exer-
cise due caution, to don the appropriate PPE prior to
approaching the scene, and to consider the appropriate
therapy for the condition. The preparation of respon-
ders through initial and periodic retraining on this
point cannot be overemphasized.

4. Potentially salvageable patients receive care in a
timely manner—Even though taking the necessary 
precautions and establishing the ICS are fundamental
aspects of responding to a potential terrorist incident,
it has also been clearly recognized that minimizing all
potential hazards can go too far, especially if it com-
promises the care of potentially salvageable patients.
This type of excessive care might occur, for example,
in response to a reported hazmat incident.
In the past, some fire departments had standard operat-

ing procedures for first-arriving companies at a suspected
hazmat incident to merely provide an assessment or “size-
up” of the incident, set up a perimeter, set up a command
post up-wind of the incident location, and request the re-
sponse of the hazmat team. Patients were ordered to shel-
ter in place (i.e., where they were located at the moment).

It is no w clear, though, that if the patients in such an
event were exposed to a potentially toxic substance, this ap-
proach could result in pre ventable deaths. What is an “ac-
ceptable risk” for first responders to take? Certainly, string-
ing up yellow fire or police line tape around the incident and
waiting for the “experts” to arrive will not help the victim in
need of time-critical medical intervention (e.g., a patient ex-
posed to nerve agent who could benefit from having an air-
way cleared and v entilation assisted). The initial IC may
typically be a f ire engine captain. This individual must
weigh the “risks v ersus benefits” of going into the area
known as the “immediate danger to life and health” (IDLH).
If an engine compan y arrives on the scene of a potential
vapor release inside a structure and people are do wn inside,
it might be prudent to call for the appropriate additional re-
sources, don PPE (self-contained breathing apparatus
[SCBA] and Level B suits if a vailable), make rapid entry,
and extract Immediate yet viable patients. This rapid extrac-
tion typically must be done prior to def initive identification
of the offending agent. However, a rapid extraction might
permit those viable b ut nonambulatory patients to recei ve
time-critical care and survive their exposures. Even if a par-
ticular antidote is not immediately a vailable, the extraction
of victims to a clean en vironment and out of the toxic one
may allow improvement of some, if not all, symptoms.
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Once removed from the IDLH area, victims must be
properly triaged, as discussed earlier . Responding agen-
cies must be trained well in adv ance in a rapid triage
method which has been adopted by the agenc y (recall the
MASS triage system mentioned previously and illustrated
in Figure 23-2). Once patients are triaged, rapid deconta-
mination should be performed (if appropriate, or if an y
doubt is present in the minds of the responders), and treat-
ment and transport should be pro vided. An assessment
should be made as to how long it took for the first and the
last patient triaged to the Immediate cate gory to receive
treatment and to be transported. Such a time interv al as-
sessment will pro vide later some objecti ve criteria for
how successful the mitigation was of a terrorist incident.

For example, if 20 patients are triaged as Immediate,
but too few ambulances are requested by responders, then
avoidable delays in care will occur. Responders should be
well-versed in advance with the knowledge that it is better
to request too man y resources and then cancel some of
them than to k eep requesting more as the incident e x-
pands, thereby “piecemealing” the response to the inci-
dent and possibly jeopardizing the lives of potentially sal-
vageable patients.

TREATMENT VERSUS TRANSPORT

Is treatment on the scene or rapid transport to a hospital
(or alternative destination) the priority? The answer obvi-
ously depends upon the particular type of incident with
which providers are confronted. If 30 patients are com-
plaining of eye and throat irritation from an exposure that
occurred inside a structure, and these patients have no ob-
vious life-threatening symptoms and no w orrisome tox-
idrome, then merely the act of mo ving these patients out-
side to fresh air should mitigate the majority of their
symptoms if the offending agent was merely the release of
an irritant chemical (e.g. pepper spray) inside a b uilding.
These patients do not require a “rush to transport” be-
cause these symptoms should resolv e without an y treat-
ment other than perhaps local decontamination. In f act, the
decision to delay transport might be prudent, since prema-
ture transport might needlessly tie up amb ulances and
crowd emergency departments with patients ha ving self-
limiting, minor symptoms. On the other hand, it is also clear
that certain pulmonary irritants, such as phosgene, might
present with worsening symptoms—indeed with frank pul-
monary edema and death—many hours later.  Thus, just be-
cause victims of potential inhalation injuries don’t appear to
have symptoms at the outset of e xposure does NOT mean
that the emergency provider should not refer these victims
for further evaluation or observation.

Conversely, a terrorist incident involving the use of ex-
plosives may result in victims with various thermal, blunt,
and penetrating injuries. These patients obviously require
rapid transport to the appropriate facility, with only essen-
tial resuscitative and stabilizing treatment being pro vided
on-scene.

An incident involving scores of patients exhibiting eye
pain, miosis, rhinorrhea, shortness of breath, seizures, and
excessive salivation should be presumed to be a nerv e
agent release until proven otherwise. Patients with moder-
ate or severe symptoms must be treated with the proper

antidote(s) on-scene, prior to transport. In this scenario,
coordinating the timing of decontamination, triage, field
treatment, and transport is essential to minimize the num-
ber of preventable deaths.

PROPER PPE

What is the proper le vel of PPE that an emer gency re-
sponder should use? The levels of PPE are co vered else-
where in this text. However, given the current realities in
the world and especially the concerns o ver the potential
for terrorist incidents, first responders must no w have
ready access to higher le vels of PPE than once thought.
Some systems have trained single-function (non-fire sup-
pression certified) paramedics to carry self-contained
breathing apparatus to pro vide better personal protection
in an IDLH area resulting from a terrorist-type incident.

Level A protection is carried only by hazmat personnel
(Fig. 23-3). Level B protection, which involves a chemi-
cal suit with SCB A, may be carried by f irst responders.
Level B protection may be donned quickly to perform
rapid extraction of patients in the IDLH area (Fig. 23-4).
In many cases, indeed in perhaps most cases, emergency
medical providers may not have the protective suits men-
tioned above, and it is thus vital for the EMS response to
be closely coordinated with the HAZMA T teams in the
given area.  Other options include some types of “escape
masks” that are rapidly donned, but provide far less pro-
tection than SCB A or po wered air-purifying respirators
(PAPRs) (Figs. 23-5 and 23-6).

AVAILABILITY OF ANTIDOTES

Many EMS agencies ha ve procured lar ge quantities of
specific antidotes to some weapons of mass destruction.
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Figure 23–3. Level A PPE. Photo courtesy of Rick McClure, LAFD.



Some of these include atropine and pralidoxime auto injec-
tors (to treat victims of nerv e agent exposure) and amyl ni-
trite (to treat victims of cyanide exposure). If these antidotes
are stored at a specif ic location in a “disaster cache, ” it is
unlikely they will be of substantial benefit at a real incident.
By the time the identification of the need for the antidote is
made, a request goes out for the antidote, and the supply of
antidote is located and transported to the site of the incident,
few, if any patients will benefit. More importantly, those pa-

tients with severe exposures may suffer preventable deaths
due to a delay in treatment.  Still, providing these caches of
medications and supplies may b uy time until additional re-
sources may be made available to the community.

Antidotes must be carried by all front-line emer gency
responder resources, especially paramedic resources. 
For example, each Los Angeles Fire Department (LAFD) 
paramedic ambulance carries 30 nerv e agent antidote kits
(each kit contains an atropine 2-mg and pralidoxime 600-
mg autoinjector) and 20 amyl nitrite ampules (for c yanide
poisoning). Additional caches of both antidotes are carried
by all EMS f ield supervisors. Furthermore, each fire-
fighter-emergency medical technician (EMT) carries a per-
sonal escape kit, which is a web belt that has 2 nerve agent
antidote kits for personal use, along with an escape mask. 

HOSPITAL NOTIFICATION

Ensuring proper scene preparedness without prospec-
tively involving the hospital notif ication system in an
overall preparedness program is a recipe for failure. Rapid
and effective mitigation of a terrorist incident requires a
responsive and adequately prepared hospital system. Hos-
pital surge capacity issues, decontamination capabilities,
and emergency department (ED) overcrowding issues are
beyond the scope of this chapter . However, it is essential
that a seamless system of obtaining hospital a vailability
information and providing hospital notif ication be main-
tained and frequently tested.

Many major metropolitan areas now have a specialized
computer system in place that interconnects each hospi-
tal’s ED with the local department of health services, de-
partment of public health, and the local EMS pro vider
agency or agencies. One such system, used in Los Ange-
les, is called the ReddiNet® system. This computer sys-
tem connects all 81 paramedic-recei ving hospitals in Los
Angeles County with the Los Angeles County Department
of Health Services (LACDHS) and the dispatch center of
the LAFD. The ReddiNet® system provides the mecha-
nism for hospital EDs to go on di version for ambulances,
trauma patients, internal disaster, and so on. It also re-
quires each ED requesting di version to enter the reason
for the request, such as the lack of open ED beds, a lack
of intensive care unit beds, lack of open operating rooms,
and so on (Fig. 23-7).

The system also requires the ED to enter into the com-
puter tracking system whether a preponderance of an y
specific symptoms or chief complaints in their ED has
been detected, thus allowing biosurveillance to be per-
formed by DHS. For example, a cluster of EDs requesting
diversion due to a preponderance of patients presenting
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Figure 23–4. Level B PPE. Photo courtesy of Rick McClure, LAFD.

Figure 23–5. Self-contained breathing apparatus (SCBA). Photo
courtesy of Rick McClure, LAFD. Figure 23–6. Powered air purifying respirator.



with flu-like symptoms during the summer months would
then raise sufficient concern to direct the epidemiologists
from Public Health to respond to those EDs to e xamine
the particulars of the cases and to identify an y suspicious
outbreaks that may represent bioterrorism (Fig. 23-8).

Early into the response to a potential terrorist incident,
it is the responsibility of the f irst-arriving paramedic am-
bulance to assist with patient triage and establish commu-
nications with medical control. Ev ery LAFD apparatus
(fire engines and amb ulances) has access to the Red-
diNet® system, as does the dispatch center . This allows
on-scene personnel the ability to determine hospital a vail-
ability quickly. Central medical command facilities, moni-
toring similar software (EmSystem®), can provide assis-
tance in the determination of hospital capacity as well.
Future improvements of such computer -assisted technol-
ogy will enable this system to be used to notify hospital
notification of incoming patients. Currently, hospital noti-
fications must be made verbally.

Again in Los Angeles, if 10 or more patients are found
at a single incident, or if the incident is presumed to be
terrorist-related, paramedics communicate directly with
the communications center of the DHS, instead of their
assigned base station. Communications personnel at DHS

can use land-line “hotlines” to query each receiving hos-
pital as to the number of patients (for each triage cate-
gory) that hospital can accommodate. Furthermore, this
communications center can put out an alert via the Red-
diNet® system to all hospitals that a lar ge-scale incident
has occurred and that hospitals should prepare to recei ve
potentially large influxes of patients. EDs should ha ve
plans in place to clear their emer gency departments
quickly of the patients not e xperiencing life-threatening
emergencies, activate the disaster mode for their hospi-
tals, discharge stable patients, open their overflow area(s),
and mobilize additional staff and equipment as called for
in their disaster plans. 

This warning can also prompt hospitals to prepare to
perform decontamination on an y patients who may ha ve
self-evacuated and were transported to the hospital via
private means instead of by EMS. This notification can be
vital if it pre vents a contaminated patient from w alking
into an unsuspecting ED, thereby risking the health of the
ED staff members and potentially shutting do wn that ED
from receiving any further patients.

DISASTER PLAN PREPARATION
AND DRILLS

The preparation of the internal disaster mitigation plan by
any facility requires a multidisciplinary , thoughtful ap-
proach to determining what emer gencies might bef all a
hospital, including internal ones, and planning for the op-
timal use of equipment and personnel to respond to those
disasters. Such preparation includes the design of an in-
ternal emergency communications center (ECC), which
should be in a central, hardened portion of the facility and
be available to be established with momentary notice. The
ECC must be provided with a comprehensive communica-
tions network that will bring together through multiple
communications media (telephone, fax, Internet, courier,
and others) that can reach all necessary internal and exter-
nal services and agencies necessary to mitigate a disaster.

The disaster mitigation plan must be de veloped with
careful attention to all potential internal and e xternal disas-
ters. This plan must include how to secure the ED in the set-
ting of potentially enormous numbers of patients seeking
care so that an orderly process may take place providing de-
contamination (if necessary), patient assessment, and emer-
gency management based upon an agreed triage mecha-
nism. All members of the hospital and physician staf fs of
the facility must be trained in the plan, must know their re-
sponsibilities in the setting of an emer gency, and must be
periodically updated and reminded of their duties.

Disaster drills are essential to determine the de gree of
preparedness for any agency or department. While these
drills are certainly no substitute for the “real thing, ” they
can provide an invaluable opportunity to both e valuate a
system’s degree of preparedness as well as to identify any
potential weaknesses. Those preparing the details of these
drills must remember that the more realistic the drill, the
more effective it is likely to be.

Tabletop exercises, in general, assist managers, supervi-
sors, and officers with ICS components and identify an y
potential conflicts re garding command and control issues
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Figure 23–8. ReddiNet® rationale for diversion screen.

Figure 23–7. ReddiNet® hospital diversion screen.



and the unified command process. Drills with actual v ol-
unteer “patients” are quite valuable. An ideal drill will pro-
vide a setting in which participants actually get to go
through each step as the “incident” unfolds. Logistical is-
sues such as the donning of proper PPE, accurate size-up
of the emer gency, requesting appropriate additional re-
sources, establishing a command post, creating a staging
area, setting up a decon area, and fulfilling each aspect of
the ICS should be performed. Ha ving personnel actually
work in their proper PPE, including triaging victims, set-
ting up treatment areas, and transporting to designated lo-
cations helps bring a sense of realism to the drill. Each
participant quickly appreciates the limitations of w orking
in various levels of PPE. 

The results of the disaster drill should be studied. Ho w
quickly does it actually take to get a hazmat team on-scene?
How quickly does it take to get a disaster medical cache on-
scene? Did the front-line amb ulances carry the v arious ap-
propriate antidotes (e.g., nerve agent antidote kits), or are
they only available in the disaster caches? If the antidotes
were not available on front-line ambulances, how many pa-
tients might have been compromised by the delay in their
definitive care in the case of an e xposure to a nerve agent?
The answers to these and man y more important questions
relative to disaster preparedness and assessment are k ey to
success in the event of a real disaster.

DECONTAMINATION

Decontamination (decon) has become a necessary focus
for many of the indi viduals planning for the response by
emergency agencies to terrorist incidents. Important ques-
tions for each potentially in volved agency include ho w
extensive a decon is necessary, and who is trained to per-
form decon?

In the past, only those individuals trained and certified as
hazmat technicians or specialists were responsible for per-
forming decon. However, certain types of terrorist incidents
may require that the decon be done very quickly so that time-
critical medical care and transportation may be provided. 

One must be mindful that the longer decon tak es, the
longer the delay for the patient to receive medical care be-
comes. Many fire departments ha ve developed standard
operating procedures whereby first responder fire engines
and fire trucks can provide gross decon. This gross decon
provides an optimal use of resources, since the firefight-
ers, serving as first responders, already have a water sup-
ply and a v ery short response time to the incident. By
donning Level B protection, or at a minimum donning
firefighting “turnout” gear with SCB A, firefighters can
safely provide gross decon in most instances (Fig. 23-9).

By merely having patients remove their clothing, it is
generally estimated that some 80% to 90% of all contami-
nants are remo ved from the patient, perhaps even more
when the e xposure is a v apor hazard (2). When the re-
moval of clothing is follo wed with a gross decon with
water, most decon requirements are satisfied for most ter-
rorist incidents. Performing secondary or more detailed
and thorough decon runs the risk of delaying medical
treatment and transport to the point of compromising pa-
tient care. If a gi ven patient is still amb ulatory after re-
moving all clothing and undergoing initial and secondary
decon, it may be argued that such a patient does not ha ve
a significant exposure that poses an immediate threat to
life. Conversely, subjecting a nonamb ulatory patient to
such rigorous decon may delay life-saving care. EMS per-
sonnel with the proper training and e xpertise must guide
the IC to provide just the proper amount of decon neces-
sary, if any, for the victims of the incident.

PREPAREDNESS HISTORIC EVENTS AND
CASE HISTORIES: A LOS ANGELES
PERSPECTIVE

As of the writing of this chapter , Los Angeles (thankfully)
has not suffered a major terrorist incident. Many large-scale
disasters have been experienced, both natural and human-
made (earthquakes, wildfires, riots, etc.). Many disaster
drills have been conducted, including at least tw o large-
scale, multiagency drills that simulated a terrorist incident
and involved volunteer “patients.” The following describes
one such recent drill, dubbed “Operation Dark Cloud.”

THE SCENARIO

Two individuals posing to work in a community shopping
center selling helium-filled balloons release a v apor of an
unknown gas into the mall on a b usy day. No one sus-
pected anything unusual since the balloons were normally
filled from helium contained in tw o large cylinders. The
initial dispatch is for a single f ire engine to investigate the
“unknown chemical problem. ” Upon arrival, this engine
company encounters scores of people quickly e xiting the
mall. They immediately request additional resources, in-
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Figure 23–9. Gross decontamination with firefighters donning
Level B protection. Photo courtesy of Rick McClure, LAFD.



cluding a full hazmat response, don their Level B protec-
tion with SCB As, and make entry into the mall. There
they encounter approximately 50 patients, of whom 15
appear to be Immediate, with no obvious signs other than
respiratory distress. They perform rapid e xtraction of the
most critical patients, excluding those tagged as “apneic.”

The key elements of this drill were as follows. 
1. This engine company quickly recognized an expand-

ing incident, possibly resulting from terrorism,
donned the proper PPE, and performed rapid extrac-
tion of the sickest patients. 

2. The second engine company on-scene assisted to per-
form gross decon of the patients.

3. The first chief officer on the scene requested the ap-
propriate number of fire resources, ambulances, field
supervisors, hazmat teams, and expanded the ICS. 

4. A unified command was established, and a medical
branch was set up with one division for each of the two
exits from the mall where patients were presenting. 

5. After undergoing decon, patients were triaged and
tagged. (The use of tags is essential with any multiple
casualty incident, especially a terrorist incident. These
tags not only quickly identify the severity of each pa-
tient but also identify whether they have been decon-
taminated.)
Perhaps even more important than an y particular drill

are the “lessons learned”. No matter ho w well or ho w
poorly a drill is performed, there are al ways lessons
learned that must be addressed so that all those who par-
ticipated and those who may be in volved in a real inci-
dent in the future can learn from an y mistakes that were
identified and key issues that were addressed.
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TABLE 23-1  Preparedness Summary Checklist Table

ITEM RESPONSIBILITY ADDITIONAL DUTIES

Dispatch Identify potential terrorist incident Notify and dispatch additional,
and advise dispatched resources. specialized resources as necessary.
Establish scene safety. Request additional resources.
Provide concise size-up.
Don proper PPE.

First on-scene Make entry if appropriate.
Perform rapid extraction of critical,
viable patients.
Don proper PPE. Perform gross DECON, if necessary.

Next-arriving companies Assist with rapid patient extraction.
Assist with triage, don proper PPE.

First ALS resource on-scene Assist with triage. Establish medical 
communications.

First chief officer on-scene Provide more detailed size-up. Establish ICS designation.
Request additional resources. Set up command post and staging locations.
Expand ICS.

Next arriving chief officer Establish unified command and Request specialized resources  
request multiple agencies. (MMRT, Public Health, FBI, Bomb Squad, etc.).

PREPAREDNESS CHECKLIST TABLE AND
SUMMARY

As the unfolding of the e vents of September 11, 2001 tragi-
cally demonstrated, a plan for every possible scenario cannot
be maintained. However, by planning ahead, performing an
accurate systems analysis and capability review, maximizing
training and education, providing proper PPE, and conduct-
ing realistic drills, the effects of not only a terrorist incident,
but any type of incident that can potentially generate lar ge
numbers of casualties, can be minimized for the greatest
benefit of the populations being served (Table 23-1).
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INTRODUCTION

Terrorist-related events have been increasing o ver the last
decade (1). Coping with them is an e ver-changing, dynamic
process. In response to these domestic and international
threats, the United States has de veloped programs designed
to promulgate domestic counterterrorism response capabili-
ties at all le vels of government. These programs, especially
at the local level, have been problematic in their implementa-
tion and virtually untried in their ef fectiveness. Hospitals
play a pivotal role in this process as the principal sites for
triage, diagnosis, stabilization, treatment, and disposition of
the victims of terrorist events. However, government reports
and the medical literature have identified hospitals as a weak
link in domestic terrorism preparedness (2–5).

The Joint Commission on Accreditation of Healthcare Or-
ganizations (JCAHO), in the January 2001 Comprehensi ve
Accreditation Manual for Hospitals, requires hospital emer-
gency management to function as an integrated entity within
the scope of the broader community. The revised emergency
management standards (EC. 1.4) emphasize the need for a
common language among emer gency agencies, compatible
intra-and interagency command structures, and an approach
that incorporates all-hazards, including common events and
also atypical disaster scenarios such as terrorist events. 

BARRIERS AND CHALLENGES TO
HOSPITAL PREPAREDNESS

The health care community is e xceedingly complex and
fractionated. There are a bewildering array of providers, in-
cluding physicians, nurses, emergency medical services
(EMS) personnel, and others. Similarly, the sites for health
care delivery vary widely and may include physician of-
fices, clinics, urgent care centers, public health departments,
and visiting nurse agencies. Hospitals pro vide a multitude

of services as well. Such fractionation may act as a barrier
in efforts to unify and organize the medical community.

Unique challenges that may hinder hospital preparedness
include unfunded legislative and regulatory mandates, com-
petition between institutions, diminishing reimbursements,
workforce shortages, aging physical plants, competing insti-
tutional priorities, absence of disaster preparedness funding,
and lack of guidance for counterterrorism efforts (6).

A realistic medical counterterrorism plan should incor-
porate the resources of all hospital f acilities within a com-
munity. Such factors as bed capacity, complexity of medical
services, workforce sophistication, and mutual aid and con-
tractual agreements may define roles and responsibilities for
individual hospital facilities within the context of a commu-
nity-based response to a terrorist incident. Hospital adminis-
trators, physician and nursing leaders, and other health care
decision makers must be prepared for the pi votal role they
will play in the stabilization and treatment of victims, who
may number in the thousands.

PHASES OF EMERGENCY
MANAGEMENT

The JCAHO has adopted the Federal Emer gency Manage-
ment Agency’s (FEMA) four -phase organizational model
for emergency management and disaster readiness. The
model defines the four phases of emergency management as
mitigation, preparedness, response, and recovery.

Mitigation refers to actions taken before an event to pre-
vent or reduce the impact to life and property. Preparedness
refers to the acti vities, actions, procurements, planning,
training, and interjurisdictional cooperation designed to in-
crease response readiness to identif ied hazards within the
community. Response refers to the mobilization of re-
sources to meet the needs of the community in response to
an emergency event. Recovery refers to returning the com-
munity to its pre-event condition.
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PHASE 1: MITIGATION

The first phase of emer gency management, mitigation,
refers to activities to lessen the severity and impact of a ter-
rorist event. Mitigation begins by identifying potential haz-
ards that may af fect the organization or the demand for its
services. This is followed by a vulnerability analysis of risk
for such an event and finally the implementation of a strat-
egy to address these areas of vulnerability . Mitigation ef-
forts serve as the basis for all other acti vities relative to
emergency management.

Hazard Identification
The first task associated with mitigation efforts is the identi-
fication of potential emergency events that can reasonably
be expected to occur within a gi ven community or hospital
facility. All-hazards planning begins with the creation of a
comprehensive list of all possible disasters. Potential haz-
ards may be grouped into three cate gories: natural events,
technological failures, and human threats. Natural hazards
are defined by the location of the community. Examples in-
clude hurricanes, tornadoes, severe thunderstorms, earth-
quakes, tidal waves, temperature extremes, drought, flood,
wildfire, landslide, volcano, and seasonal or sporadic dis-
ease spread. Technological hazards are disruptions in public
service and determined by the population density and socio-
economic conditions of the surrounding community . Exam-
ples include utility failure, such as water, sewer, electricity,
natural gas, steam, fuel, communications, and information
systems; transportation failure, such as rail, subway, air-
plane, shipping, and trucking; and structural disruption,
such as b uildings, roadways, and bridges. The age of the
municipality, its rate of gro wth, and its geographical loca-
tion help identify these hazards. Human hazards can include
both intentional and unintentional acts. Examples include
civil disturbances, hostage situations, bomb threats, VIP
situations, hazardous materials spills, mass casualty inci-
dents, and explosive, chemical, biological, and radiological
threats. 

Vulnerability Analysis: Probability,
Magnitude, and Resources
The JCAHO requires that response plans identify “direct and
indirect” effects that hazards may have on the hospital. Haz-
ard vulnerability analysis (HVA) is the second step in miti-
gation efforts. Based on the probability and magnitude of
hazards, resource allocations may need to address prevention
activities. When assessing the probability of an event, issues
to consider may include geography , weather variations, dis-
aster patterns, demographics, migration patterns, topogra-
phy, endemic and seasonal disease patterns, local businesses,
national landmarks, and high-profile events. The magnitude
of an event may be determined by considering the human
impact, the property impact, and the business impact. 

The assessment of resources for handling the e vent in-
volves an estimate of the hospital’ s capacity such as num-
bers of beds, number of respiratory v entilators, number of
decontamination suits, and capability such as the service
acuity level and sophistication of personnel, advanced tech-
nological resources, and advanced training. Resources can

be internal, such as bed capacity, workforce capability, cur-
rency of training status, insurance, and availability of
backup systems, and external, including health care f acili-
ties, private business, mutual aid, vendor supply agree-
ments, and so on. Most HVA templates focus on “common”
hazards to establish priorities for protecti ve countermea-
sures. Each category of vulnerability—probability, magni-
tude and resources—is described in semiquantitative terms:
low, moderate, high, or not applicable (7,8). 

Hospitals themselves may become terrorist targets. Con-
temporary ethical standards dictate that institutions of
health and rescue be protected against attack. Precisely be-
cause it is considered unethical to attack such a facility, they
are at high risk for becoming a tar get of terrorism. Hospital
preparedness efforts must take this grim reality into account
and search for vulnerabilities. Potential interv entions in-
clude target hardening (distance, physical barriers, fire-
walls); security visibility (signage, security patrols, surveil-
lance cameras); controlled v ehicular and pedestrian access
(traffic separation, selective searches, use of passk eys,
“smart” entry portals, video monitors); and emplo yee
awareness (education, training, drills).

Tools to Assess Hospital Preparedness
Several hospital questionnaires e xist. One e xample is the
AHRQ-HRSA Bioterrorism Emergency Planning and Pre-
paredness Questionnaire for Healthcare F acilities, which is
currently for bioterrorism only b ut is likely to be expanded
to include other major forms of terrorism preparedness (33).
The Hospital Emergency Analysis Tool (HEAT) is used by
the Navy Medicine Office of Homeland Security and docu-
ments the status of 100 critical preparedness f actors (32).
These tools help not only in assessing the status of a health
care facility but also can provide direction to administrators
and physician and nursing leaders.

The Emergency Operations Plan
The final step in mitigation in volves the emergency opera-
tions plan (EOP). This document describes how the hospital
intends to behave during an event, bringing hospital services
and departments into one incident-focused or ganization.
The EOP requires annual re vision based on changes in the
local community, newly identified vulnerabilities, and on
the lessons learned from e xercises and drills. Man y tem-
plates for EOPs exist in health care (11,12). The EOP must
take into account the requirements of regulatory and accred-
itation agencies, professional standards, and current best
practices of emergency planning. This plan addresses four
key issues: (a) life safety refers to the protection of person-
nel, patients, visitors, and the public from injury and life
threats; (b) property protection refers to the pre vention or
limitation of structural damage; (c) continuity of operations
refers to protection of critical hospital functions; and (d) en-
vironmental protection refers to the prevention or limitation
of adverse effects on v egetation, animals, land, air, and
water.

The basic EOP def ines command and control, lines of
communications, life safety, property protection, community
outreach, recovery and restoration, and administration and
logistics. Departments should be assigned roles that closely
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mimic their typical operations. During a disaster event, oper-
ations may be limited to only mission-critical activities.

Based on the HVA, all high-risk events will have an haz-
ard-specific appendix in the EOP that def ines the relevant
mitigation, preparedness, response, and recovery activities.
Standard operating procedures delineate the major acti vi-
ties common to all emer gency responses. These include
command and control, communications, personnel, supply
procurement, and mutual aid.

PHASES 2 AND 3: 
PREPAREDNESS AND RESPONSE

The second phase of emer gency management, prepared-
ness, refers to the acti vities designed to increase response
readiness to vulnerabilities. Response, the third phase of
emergency management, refers to the mobilization of re-
sources to meet the hospital’ s and community’s needs dur-
ing an incident. Comprehensive preparedness and response
for hospitals encompasses 22 critical elements (13–17)
(Table 24-1). Although an in-depth discussion of each ele-
ment is beyond the scope of this chapter, an overview of the
important aspects is presented. 

Incident Command
The incident command system (ICS) is that portion of the EOP
that relates to the authority structure and control of personnel, fa-
cilities, equipment, and communications during an e vent. The
ICS remains operational until the requirements for its operation
no longer exist. It unfolds in a modular f ashion and is scalable,
depending on the type and size of an incident.

Five management sectors are described for ICS: Com-
mand, Operations, Planning, Logistics, and Finance. Com-
mand responsibilities are an e xecutive function designed to
develop, direct, and maintain a viable organization and to co-
ordinate with other entities. The highest level of authority rests
with the incident commander (IC), who, in turn, is supported

by the public information officer, the safety officer, and the li-
aison officer. These individuals assist and advise the IC rela-
tive to issues concerning the media, safety, and external agen-
cies. Policy, objectives, and priorities are set by Command.
Operations identifies the doers in the or ganization, where the
real work of incident control is accomplished. Operations
carry out directions of the Command sector . The Planning
sector provides past, present, and future information about the
incident. Real-time incident reports are utilized to support the
Command and Operations sectors. The Operations and Plan-
ning sectors work together to meet established incident objec-
tives. The Logistics sector identifies and obtains all personnel,
equipment, supplies, and services required for the incident.
Operations and Planning sectors then manage these resources.
Finally, the Finance sector is a staf f function responsible for
the financial management and accountability of the incident.
Extensive resources are available to assist in preparing a hos-
pital ICS (17–19).

The Hospital Emer gency Incident Command System
(HEICS) is a preexisting plan that can be adapted to indi vidual
hospitals. HEICS is free of charge and has been adapted by many
U.S. hospitals. Many of the components are available on the In-
ternet, and conferences exist to orient new users and assist them
in adapting the system to their health care f acility (19). It pro-
vides an authority structure and job descriptions designed for
hospitals, incorporating many of the principles already dis-
cussed. HEICS provides for an incident commander who is sup-
ported by at least four chiefs, operating over sections: Logistics,
Planning, Finance, and Operations. The program has a prefor-
matted organizational chart and job descriptions that can be ap-
plied to an individual hospital. A glossary of terms is provided so
all participants communicate with a common language. 

Interagency Coordination
Hospitals are key participants in the response to terrorist e vents
and so must w ork seamlessly with local go vernment officials,
emergency managers, law enforcement, fire/rescue services,
emergency medical services, public health officials, and other
health care providers. 

Interagency coordination may be seen as occurring along
three simultaneous axes (15). One axis in volves the sequential
response that is conducted in the region where the threat occurs,
from event identification, law enforcement, hazardous materials
response, on-scene triage, prehospital care and transportation,
hospital services, and ultimately recovery. A second axis, which
is often forgotten in planning and response, involves the parallel
coordination of other organizations, facilities, or providers that
offer similar services as the hospital, such as other hospitals,
outpatient clinics, and physician offices. The third axis involves
the coordination of remote resources separated from the inci-
dent either in time or distance. Mutual aid agreements that de-
lineate the role and responsibility for each agenc y will assure a
consistent, coordinated, graduated response.

Response
Response begins with e vent recognition. The rapidity of
recognition depends on the type of weapon utilized, the
event location, and the method of dispersal. Explosi ve and
incendiary events become manifest immediately , chemical
events typically unfold over minutes or hours, and biological
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TABLE 24-1  Critical Elements of Preparedness
and Responses

Incident command Bed availability/surge capacity

Interagency coordination Pathology laboratory

Response Security

Treatment logistics Supplies

Decontamination Equipment

Morgue capabilities Services

Epidemiology/surveillance Facility management

Personnel management Contingencies

Mental health resources Education and training

Communications systems Exercises

Media/public information Demobilization



events will usually become e vident only after an incubation
period of days, weeks, or even months. Biological attacks, in
particular, require regionwide surveillance, unusual event re-
porting, laboratory analyses, and sentinel case investigation.

The first priority in a terrorism attack is to secure the
hospital physical plant and to protect personnel, current pa-
tients, and visitors. Another priority is to establish sites for
victim reception and identification. Simple, rapid identifica-
tion processes that facilitate ongoing and continuous patient
tracking are most desirable. Use of encoded wrist bands,
such as those widely used in industry (bar codes, infrared,
radio frequency) are under evaluation for use in mass popu-
lation settings. If victims are contaminated, decontamina-
tion and securing of valuables will be necessary.

The participants in the re gional health care community
should agree on a simple, unified system for patient classifi-
cation and a w ay to standardize the initial treatment irre-
spective of which hospital recei ves the patient. The equi-
table and rational distribution of all patients dictates the use
of all capable treatment facilities. Medical protocols consis-
tent with current medical standards are utilized for each
case. The various chapters in this book provide a solid foun-
dation for such preparation.

Treatment Logistics
Treatment logistics in volve placing patients with similar
levels of exposure and symptomatology in the appropriate
treatment setting. Predesignated locations within or near
the hospital may be utilized if bed capacity is limited or
absent. Military models for alternati ve health care f acili-
ties may provide ideas for the civilian medical community
(20). The accessibility of re gional and federal resources
for additional hospital bed capacity should be determined
early in the e vent. Community assets, such as sports are-
nas, school gymnasiums, hotels, or places of religious
worship, may serve as holding or observ ation areas. Such
facilities are especially appropriate for those who require
minimal care. The public should be informed of the pur-
pose of these treatment sites and where to f ind them. All
treatment sites must provide a safe environment as well as
privacy and hygiene. Self-care within indi viduals’ private
dwellings, such as homes, apartments, and hotels, is some-
times an option. 

Decontamination
Health care facilities must possess a decontamination area,
supplies, and adequately trained personnel (Chapter 29).
The location of the decontamination unit may be internal
or external to the hospital; ho wever, it should be readily
available and not disrupt routine operations. Internal de-
contamination facilities have the adv antage of pro viding
protection from inclement weather. Disadvantages include
the risk of allowing contaminated patients to enter the hos-
pital, the need for specialized v apor and v entilating sys-
tems, and a limitation in the numbers of patients it may ac-
commodate. External decontamination facilities prevent
contaminated patients from entering the hospital and allow
for large patient volumes. Disadvantages include difficulty
in controlling weather e xtremes and lighting conditions
and inherent delay in setup.

The management of decontamination effluent is a difficult
issue because most hospitals do not possess the ability to
store contaminated w astewater. Although the dischar ge of
contaminated water into sewer systems is technically in viola-
tion of the Comprehensi ve Environmental Response, Com-
pensation, and Liability Act (CERCLA), there are indications
that the inspector general of the En vironmental Protection
Agency (EPA) may not pursue le gal action against response
agencies that violate this act during disaster response.

The EPA and Occupational Safety and Health Adminis-
tration (OSHA) both have regulations that help protect per-
sonnel dealing with hazardous substances and emer gency
response operations. Hospital planners are encouraged to re-
view pertinent EPA, OSHA, and JCAHO requirements. Re-
cent documents and articles in the medical literature discuss
pertinent regulations, training requirements, and team selec-
tion, as well as decontamination equipment and e vidence
collection (21–23).

Morgue Capabilities
Disasters have the potential to produce catastrophic num-
bers of fatalities (24). Management of mass fatalities is dis-
cussed in greater detail in Chapter 43. If the incident in-
volves criminal intent and victim contamination, this poses
additional layers of complexity for pathologists, medical ex-
aminers, coroners, and morgue personnel. Ef fective plan-
ning and response must address these key issues:
1. Scalable capacity and capability
2. Protection of personnel
3. Victim identification
4. Determination of the manner and cause of death
5. Collection of forensic evidence
6. Death notification
7. Disposition of victim remains

Epidemiology/Surveillance
Epidemiology identifies, defines, and tracks an incident.
Surveillance is discussed in greater detail in Chapter 30. 

Personnel Management
The most important asset for an effective disaster response
lies with the hospital personnel. A plan is required to no-
tify on-duty personnel of a disaster e vent. In addition, a
mechanism for the staged (staggered) recall of of f-duty
personnel, or those with unique job functions, must be
clearly delineated.

Staff augmentation is addressed in a variety of ways, in-
cluding extending the w ork hours for those presently on
duty and calling in supplemental staf f. It should be recog-
nized that many health care w orkers hold a second job at
another health care facility. This two-hat syndrome means
that some emplo yees may not be able to respond to the
hospital’s emergency request for additional personnel. In
addition, it is acknowledged that the fear and uncertainty
generated by a terrorist e vent may cause some emplo yees
not to respond to requests for work because family care is-
sues may take precedence. Hospital leadership should con-
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sider alternative sources for personnel such as the Red
Cross, Salvation Army, visiting nurse agencies, and physi-
cian offices. Other resources may include hospital person-
nel from adjacent, uninvolved states or regions or the fed-
eral medical assets including the Disaster Medical
Assistance Team (DMAT). All nonemployee health care
personnel must provide proof of licensure and be creden-
tialed by the hospital prior to a disaster event. 

Mental Health Resources
Mental health counseling is an important aspect of pre-
paredness, response, and recovery from disaster events (25).
These services should be made a vailable to victims, health
care personnel, emergency responders from all disciplines,
and the community at lar ge. This topic is discussed in
greater detail in Chapter 40.

Communications Systems
Communications problems are among the most commonly
cited shortfalls during any disaster response. These failures
arise from the unreliable nature of wire-based and cellular
telephones and the incompatible radio frequencies when
using hand-held radios. In addition to these significant hard-
ware problems, many communications f ailures occur as a
result of people problems. There must be an agreed-upon
terminology that is mutually understood by all parties (16).
Health facility communications methods are discussed in
detail in Chapter 31.

Media/Public Information Management
Disasters create a demand for public information. Planned
and structured arrangements for communication throughout
the incident are critical components of hospital and commu-
nity preparedness. Assistance with media issues using a
comprehensive risk communications plan is a vailable from
the Department of Health and Human Services (26). Inter-
action with various elements of the media is discussed in
Chapter 32.

Bed Availability/Surge Capacity
Surge capacity encompasses the need for additional pa-
tient beds and also available space for triage, management,
vaccination, decontamination, friends and relatives, or for
those victims waiting to be seen. If alternative sites for pa-
tient care are being used, it is important to consider the
personnel, medications, and equipment that will be neces-
sary to care for patients in these areas. The legal capacity
to deliver health care under situations that e xceed author-
ized capacity should be considered in planning (27).

Augmentation of hospital bed capacity may be accom-
plished by expedient discharge of patients, cancellation of
elective admissions or sur geries, transfer of patients to
hospitals out of the disaster area, and placing additional
beds in private rooms or hall ways. Expansion to sites re-
mote from the hospital requires extensive preplanning and
may include school auditoriums, sports arenas, or hotels.
Alternatively, open land or lar ge parking lots may be
turned into temporary field hospitals. 

One option to assist with sur ge capacity is the Modular
Emergency Medical System (MEMS) of the U.S. Depart-
ment of Defense. This program provides a strategy to allow
local health care f acilities to respond to a lar ge-scale inci-
dent (28). The system includes four modules, all managed
under a unif ied command structure. The components in-
clude the Acute Care Center (A CC), the Neighborhood
Emergency Help Center (NEHC), the Community Out-
reach (CO) module, and the Casualty Transportation Sys-
tem (CTS). Initial intak e of patients into the system is
through the NEHC, and a tiered-care approach is used to
distribute minimal care victims to the CO, moderate care
patients to the NEHC, patients needing hospital care to the
ACC, and intensive care patients to existing medical facili-
ties. Because the system is modular , it is both rob ust and
scalable. Transfer of patients between sites is accomplished
by the CTS. 

The equitable and appropriate distribution of casualties
among all available medical facilities by on-scene prehos-
pital care providers and the use of broadcast public service
announcements indicating which hospitals are nearing ca-
pacity will often avert the need for indi vidual hospitals to
invoke surge contingencies. Ho wever, this is not al ways
possible, as in the case of chemical or biological casualties
in which most patients are likely to choose the destination
hospital independent of EMS.

Pathology Laboratory
Clinical and anatomical pathology testing are critical. The
diagnosis of the sentinel (first) case and the collection of ev-
idence may involve hospital laboratory personnel and staf f.
In the limited, moderate-sized incident, the process for test
ordering, specimen collection and identif ication, and pro-
cessing should not differ from routine practice. Some facili-
ties may choose to utilize color -coded patient identification
bands, specimen labels, and requisitions so as to e xpedite
the throughput for these samples. Test volumes may tem-
porarily increase as the first victims arrive at the facility. To
facilitate early diagnosis, the laboratory may designate these
assays as a priority , perhaps limiting or temporarily sus-
pending the testing of nonaffected patients.

Novel toxicology and microbiological tests may be nec-
essary to arrive at a diagnosis, and close coordination with
local public health officials will facilitate proper epidemio-
logical surveillance and investigative activities. Confirma-
tory testing by appropriate public health laboratories may be
needed, and secure specimen transport procedures must be
assured. If the agent in question requires special culturing
techniques, or is especially dangerous, procedures must be
in place to assure proper specimen collection, handling, and
transport to the closest appropriate laboratory facility.

Security
Security is a vital aspect of preparedness and response. A guide
for security-enhancing activities that are aligned with the f ive
color-coded Homeland Security Advisory System (HSAS) lev-
els has been de veloped by the U.S. Fire Administration’s
(USFA) Emergency Management and Response-Information
Sharing and Analysis Center (EMR-ISAC). This document of-
fers specific recommendations for security of information, fa-
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cilities, personnel, and operations (29). Of paramount im-
portance is the f acility’s coordination of these acti vities
with local la w enforcement agencies and security f irms.
During terrorist e vents, medical facilities may become
targets of attack. 

Hospital security planning and response must address
perimeter management, personnel security, patient secu-
rity, and resource security. Perimeter management (exter-
nal traffic flow) involves controlling access to the f acility
and the surrounding hospital properties by v ehicles and
foot traffic. The use of monitored barricades at driveways
and intersections serv es to limit v ehicular access. Cor-
doned walkways and locking of all hospital e xits and en-
trances, with officers positioned at predetermined entry
points, provide scrutiny for ambulatory traffic. Movement
and activities of people within the facility (internal traffic
flow) should be monitored by periodic security sweeps.
Prior to the e vent, picture identification badges are dis-
tributed to all mission-critical hospital employees and
staff. Specific points of entry should be designated for
employees only. Separate patient access sites are located
away from employee entrances. Security officers may use
voice amplification devices, and media broadcasts may be
used to discourage loitering and direct patients and em-
ployees to specific and separate access points. Patient se-
curity may involve the use of scanning portals or w and
devices. If the incident involves the potential for contami-
nation, all officers on the perimeter should wear PPE. Re-
source security involves procedures to protect supplies,
hazardous materials, and equipment from tampering and
diversion. Access to the facility from emergency vehicles
and supply trucks must be closely monitored so these
areas are not the source of an incursion.

Supplies and Equipment
It is recognized that the adequacy of existing hospital sup-
plies and equipment may be problematic because current
economic restrictions and storage limitations promote
just-in-time inventories. Also, supplies and equipment
may differ widely depending on the nature of the incident.
Therefore it is not practical to cache a v ast inventory of
every potential supply item or equipment that may be
needed. It is necessary , however, for every facility to
maintain a 24-hour supply of all reasonably expected sup-
plies and equipment, to allow for the rapid treatment of
the first wave of casualties.

Several principles guide hospitals to ensure that ade-
quate supplies and equipment are a vailable for no vel or
large-volume incidents. These include in ventory control,
procurement, and donations. Prior to an e vent, an inven-
tory must be determined and scrupulously maintained.
Tracking of infrequently used supplies and pharmaceuti-
cals is necessary to address shelf life and stock rotation.
Automatic notification systems may identify when items
are nearing reorder thresholds. During an e vent, it is nec-
essary to track supplies and equipment from request
through use. Acquisition methods are best established in
advance of an incident. Vendor agreements for rapid resup-
ply and shared in ventory agreements with adjacent med-
ical facilities are essential. Solicited and unsolicited dona-
tions in all forms may come from b usinesses and

individuals. Such offers may include clothing, money, mo-
bile phones, medical supplies, pharmaceuticals, and equip-
ment. Guidelines for the tracking, use, return/disposal, and
acknowledgment of these resources are necessary.

Services
During protracted or high-v olume incidents, a modifica-
tion in staffing patterns may be necessary . This may in-
volve an increase in the numbers of staf f, a prolongation
in the work shift, and a need for overnight staff housing.
At the same time, patient throughput and census may
drastically increase. These events will likely increase the
utilization of food, housekeeping, laundry, maintenance,
and security. Managers and emplo yees in each hospital
department must be in volved in the planning and re-
sponse to disaster incidents so as to be able to meet the
increase in service needs.

Facility Management
Effective event planning and response require that basic
utilities to the hospital comple x continue uninterrupted.
Electricity, fuel, water, sewer, telephone systems, and air
and water filtration systems are critical assets that must
remain operational. Because terrorists may choose to tar-
get hospitals and their critical assets, these systems must
be secured and monitored. Redundanc y in each of these
utilities is mandatory, and in the event of primary failure,
secondary systems should be immediately available. Dis-
aster exercises should test both the security and the oper-
ation of redundant contingencies.

Contingencies for the potential use of chemical and
biological agents should address the safe storage, han-
dling, and disposal of hazardous w aste materials. In par-
ticular, the containment and disposal of runof f from de-
contamination activities should be determined in concert
with local officials. The Agency for Toxic Substances and
Disease Registry (ATSDR) provides a three-v olume se-
ries of resources for health care providers in regard to the
handling of hazardous materials (30). The National Insti-
tute for Occupational Safety and Health (NIOSH) has
published a document on the protection of buildings from
airborne chemical, biological, or radiological attacks
(31). A number of go vernment and re gulatory bodies
(CDC, OSHA, EPA, and JCAHO) provide hospitals with
additional guidance. Professional or ganizations such as
the American Society for Healthcare Engineers (ASHE),
the American College of Healthcare Architects (ACHA),
and the National Fire Protection Association (NFPA) are
other sources of assistance.

Contingencies
Contingencies are activities that (a) predict potential dis-
ruptions or shortfalls in mission-critical supplies, (b) pre-
vent delays or disruptions in supply lines and bed capac-
ity, and (c) procure needed assets via no vel alternative
routes. Maintaining a suf ficient number of hospital beds
may involve moving the patients to an adjacent treatment
area on the same floor (horizontal e vacuation) or to an-
other floor (vertical evacuation). In extreme situations, an
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incident may require that patients be completely removed
from the hospital. Specif ic circumstances that require an
evacuation must be clearly defined, and policies and pro-
cedures for carrying out these plans must be de veloped.
Afterward, nursing and ancillary staff must be trained in
the necessary procedures, followed by drills or e xercises
to ensure response readiness. Once e vacuation is begun,
methods to transport and track the location of both pa-
tients and staff must be used.

Communicable diseases may require the quarantine,
isolation, or sheltering-in-place of indi viduals or groups
of patients. Most medical f acilities are limited in the
number and types of isolation beds. Identifying specif ic
disease entities and activating mass isolation, quarantine,
or sheltering-in-place plans must be done preemptively.

Effective contingency planning must anticipate the po-
tential for partial or total disruption in the supply chain
for medical/surgical supplies, pharmaceuticals, cleaning
supplies, maintenance supplies, linens, and food services.
Memorandums of understanding between the hospital
and vendors to pro vide necessary supplies are encour-
aged. Other hospitals may e xperience similar shortages
and may be relying on the same local v endors for resup-
ply of scarce resources.

Education, Training, and Exercises
Effective response to terrorist events is built on a founda-
tion of knowledgeable, trained, and practiced local health
care professionals. The education of health care
providers and the de velopment of drills and e xercises is
discussed at length in Chapter 33. Health care pro viders
must learn of potential terrorist weapons, be able to diag-
nose unusual disease patterns or clinical f indings, and
know how to practice appropriate surveillance, reporting,
and treatment. It is critical that medical personnel be
trained to protect themselves from contamination, so they
do not also become victims.

Exercises are conducted to e valuate an or ganization’s
capability to execute its response or contingency plan. The
personnel, plans, procedures, facilities, and equipment
must be exercised and tested on a re gular basis. The exer-
cise process is a continuous process that includes planning,
training, exercising, and evaluation (32,33) (Fig. 24-1).
Various exercise types are listed in Table 24-2 (33).

The three most commonly utilized e xercise models are
the tabletop, functional, and full-scale e xercises. The
tabletop exercise usually involves senior staff, elected offi-
cials, and other key staff with emergency management re-
sponsibilities gathering in an informal conference room
setting to discuss simulated emer gency situations. This
type of exercise is intended to stimulate discussion of vari-
ous issues concerning a hypothetical situation and the
plans, policies and procedures or systems for response and
recovery efforts. Participants focus on coordination, as-
signment of responsibilities, postevent mitigation priori-
ties, and similar issues. The functional exercise is designed
to test individual capabilities, multiple functions, or activi-
ties within a function. Exercise activities are usually under
a time constraint, and an evaluation or critique is normally
held at the end of the e xercise. The functional e xercise
usually takes place in an operations center , field environ-
ment, or a combination of the two. A typical functional ex-
ercise might be designed to test and e valuate the evacua-
tion and relocation of a hospital’ s emergency department.
The full-scale exercise is used to e valuate the operational
capabilities of emer gency management systems. Actual
mobilization of personnel and resources is required to
demonstrate coordination, response, and recovery capabil-
ity. This is the largest and most complex of the three types
of exercises and may involve the participation of response
agencies at the local, state, regional, and federal levels. A
typical full-scale exercise involves multiple hospitals, the
fire service, emergency medical services, law enforce-
ment, city emergency planners, and public health.

Drills are utilized to develop, test, and maintain respon-
der skills in a single emer gency response procedure or
task. For example, the hospital decontamination team may
participate in a drill on donning, use, and doffing of PPE.

Demobilization
Demobilization describes a variety of actions that transi-
tion command, planning, operations, logistics, and fi-
nance functions back to normal operations. During de-
mobilization, departmental functions are assessed,
consumed resources and assets are accounted for , assets
are returned to their original location, documentation is
completed, and incident review and debrief ing are con-
ducted. Rapid return to normal operations will allo w the
hospital to be ready for either a secondary e vent or an-
other unrelated incident. Rehabilitation of f acilities,
equipment, and personnel is also conducted at this stage,
so as to promote completion and closure.
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TABLE 24-2  Exercise Types

Seminars Functional exercises

Workshops Full-scale exercises

Tabletop exercises Command post exercises

Games Operations center exercises

Drills Case studies

Planning Training

Exercising

Evaluation

Figure 24–1. Exercise process as a component of hospital 
preparedness.



PHASE 4: RECOVERY

The fourth and final phase of emergency management, recov-
ery, refers to the mobilization of support operations that w ork
toward returning the facility and the community to its pre-event
condition. These activities and processes are directed at restor-
ing essential services and resuming normal operations.

Finance
Hospitals should seek f inancial reimbursement from go v-
ernment agencies for unreco verable costs associated with
providing care under disaster conditions. Effective pre-event
documentation of all resources and assets may serv e as a
baseline for comparison with poste vent conditions, which
may improve reimbursement levels. Accurate and detailed
records describing patient care acti vities during the e vent
may include personnel, equipment, supplies, pharmaceuti-
cals, and acuity levels. These may often be remunerated via
standard medical billing processes. If prolonged hazard
abatement, restoration activities, or damage/loss hampers
the resumption of normal operations, loss of revenue may
be claimed and financial relief may be sought. Preserv ation
of records is essential because billing reimbursement, liabil-
ity, malpractice, and insurance claims often require records
retention for specific time frames.

Facility Recovery
Facility recovery involves inspection of the physical plant,
hazard removal and abatement, and decontamination. Decla-
rations that the f acility is structurally sound and hazard free
by qualified agencies may be necessary to restore public con-
fidence. Disposal of solid w aste, garbage, and decontamina-
tion runoff should adhere to local sanitary regulations so as to
maintain environmental integrity. Materials and patient be-
longings contaminated with infectious biological agents must
be sanitized and preserved for legal evidence. A complete in-
ventory of consumables and resupply, salvage of damaged as-
sets, servicing of utilities and equipment, and physical plant
restoration and renovation may also be necessary.

Personnel and Psychological
Considerations
Critical incident stress debriefing should be offered to any-
one involved in the response. In addition, facilities should
offer group and indi vidual counseling services, family
support programs, and employee assistance programs
(Chapter 40). All employees involved in the response
should be enrolled in a health surv eillance program. Be-
cause some chemical and biological e xposures may result
in delayed or chronic ef fects, surveillance may continue
for years. Government agencies such as the ATSDR may
assist facilities with these ongoing surveillance activities.

All personnel should participate in after -action assess-
ments. These incident re views consist of the objecti ve
analysis of pertinent response information to produce
“lessons learned.” Based on these lessons, modifications
in procedures, assignments, equipment, training, and per-
sonnel may contribute to improved response capability for
future events.
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SUMMARY

Hospital preparedness involves a concerted effort by
administrators and physician and nursing leaders to
plan for a wide spectrum of possible disaster
situations. Various prepackaged systems e xist that
can assist a hospital administration with the
development of a disaster plan. 

Disaster preparedness is not a onetime activity. To
be truly effective, readiness requires a rigorous and
ongoing commitment of time, personnel, and
resources. Done correctly, the process of mitigation,
preparedness, response, and recovery requires a
collaborative effort within the hospital and also from
many facets of the community including la w
enforcement, fire service, emergency medical
service, hospitals, public health, city officials,
emergency managers, and business/industry.

Hospitals must work to achieve consensus within
the community. There should be ef fective
collaboration among the dif ferent health care
systems and public health agencies in order to
organize and strengthen counterterrorism measures.
If readiness efforts are not cooperative, widespread,
and comprehensive, institutions working in isolation
are not lik ely to reduce community morbidity and
mortality during a terrorist event (Table 24-3).

Case Study

TABLE 24-3  Hospital Preparedness Summary Table

HOSPITAL PREPAREDNESS SUMMARY TABLE

1. Utilize the four-phase model for emergency management
to assure a comprehensive approach, including: mitiga-
tion, preparedness, response, and recovery.

2. Define where you currently stand; perform a hazard vul-
nerability analysis (HVA). Consider the use of existing
hospital survey tools.

3. Do not plan in isolation; coordinate with police, fire,
EMS, public health, city officials, emergency planners,
and business.

4. Maximize efficiency and economies of scale by planning
in concert with all hospitals within the community.

Hospital Preparedness for Disaster: 
The Israeli Experience
Moshe Michaelson, Gila Hyams, and Daniel C. Keyes

Introduction
It will be no surprise to the reader that in recent years, Is-
raeli physicians, nurses, and EMS personnel have gained a
large body of experience dealing with caring for the victims



of suicide bombings. The first such bombing in Israel oc-
curred in 1993. There have been almost 10,000 people in-
jured in these bombing attacks since then. With the start of
the current wave of violence in 2002, referred to as the Al
Aqsa intifada, the violence has been particularly intense. As
a result of these more recent 145 suicide bomber attacks,
307 Israelis have died and 2,235 were injured (35). 

One organization, Hamas, is attributed with the largest
proportion of the bombings. The late Salah Shehada, a for-
mer Hamas leader, described in an interview the sophisti-
cated approach used for planning these attacks. The strate-
gic methodology begins by video surveillance of potential
targets. After several sites are selected, logistical coordina-
tors, explosive experts, and transportation specialists design
the attack. Subsequently, a committee selects the target
and a bomber is recruited who is psychologically prepared
to carry out the suicidal explosive event (36). The objective
of each attack is to kill and injure as many individuals as
possible, and the improvised devices are carefully prepared
with shrapnel. The attackers seek out crowds in markets,
cafés, and other such venues to increase the number of ca-
sualties from the blast.

To respond to this wave of explosive terrorism, the gov-
ernment and the health care community together have
forged a sophisticated system of response, involving the
preparation of personnel at the hospital and prehospital
levels and the enhancement of equipment and infrastruc-
ture. The discussion that follows provides a brief descrip-
tion of a typical hospital response plan.

The Israeli System of Hospital Response
A mass casualty incident (MCI) is defined as a situation in
which the need for treatment exceeds the resources. In
such a critical situation, the most important shortage of re-
sources is typically personnel (doctors and nurses) and
equipment. An analogy may be made between a MCI and
a military ambush. In both, a crisis occurs rapidly, without
forewarning, and when least expected. In both of these sit-
uations, the most effective solution is an “automatic re-
sponse.” This rapid, coordinated response takes a lot of
planning and exercise before it becomes truly automatic.
The key to success in an MCI is prior preparation and the
development of realistic drills.

A limited mass casualty (LMC) event refers to the situa-
tion in an individual hospital that receives a smaller, more
controlled volume of patients following an event, such as
when patients are divided among several hospitals. With a
properly functioning EMS system, each hospital receives a
more limited number of patients through on-scene triage
and allocation of victims to various hospitals. This type of
allocation is especially possible in the case of explosive or
other trauma terrorist events, but it may be more difficult
for large chemical terrorism events, for example, in which
large numbers of victims are expected to bypass EMS.
When it is properly executed, an efficient distribution of
the wounded among acute care facilities allows for the
optimal care of victims. The actual number of victims that
defines an LMC event depends on the size of the specific
receiving hospital and the emergency department (ED),
but may typically be on the order of 20 to 25 patients in a
larger institution. In the Israeli setting, a more specific defi-
nition of LMC has evolved: If the number of victims is suffi-

ciently small that all patients can be triaged within the ED it-
self, this is considered an LMC. Limiting the number of vic-
tims sent to each hospital is important because in such an
LMC all victims can be treated on the usual aggressive scale
that occurs in a typical trauma center. The expectant cate-
gory of triage is usually not necessary in an LMC because all
of the necessary hospital resources are applicable to each of
the victims, no matter how seriously ill they are upon pres-
entation. An experienced hospital administrator makes the
determination of whether a specific incident qualifies as an
MCI or LMC. This decision will impact various aspects of the
hospital response, including which personnel are called in to
the hospital.

Hospital Preparation
One of the first steps in preparation for MCIs is to write
guidelines. The most important feature of this plan is the or-
ganization of the hospital to deliver critical medical treat-
ment. The treatment given in an MCI is not the usual care
provided on a daily basis in a hospital but rather the minimal
acceptable intervention that is readily available. Guidelines
are then adapted for use in every hospital into written stand-
ing orders and even into specific medical orders.

In Israel, the Ministry of Health (MOH) undertakes the
coordination of guideline development. The Emergency Di-
vision of the MOH creates guidelines that must be applied
to every acute care hospital. There is a specific committee
for each type of mass casualty, including trauma, chemical,
and biological. These MOH committees design template
guidelines for use by hospitals. After final approval by the
MOH, the guidelines are then distributed to the administra-
tion of each health care facility. They then create guidelines
for their institution, usually through the establishment of a
hospital disaster committee. These individual hospital plans
are then sent back to the MOH, who gives them final ap-
proval. The MOH also mandates annual drills for each hos-
pital that are carried out in conjunction with the Home
Front branch of the Israeli Defense Forces. These drills are
compulsory and financed by the Ministry of Health. The
Emergency Division of the Ministry of Health develops edu-
cational programs to teach guideline implementation. 

Hospital Guidelines
Each hospital administration appoints a chair and key staff
members to participate on a hospital mass casualty com-
mittee. Typically one individual is in charge of each type of
disaster, including chemical, biological, trauma, and nuclear
events. In larger hospitals, one nurse is employed full time
to coordinate disaster preparedness. Due to the typical
methodology used to injure the public, the Israeli philoso-
phy is that trauma is the basis of all MCI. Other types of dis-
aster build on the trauma experience and modify their
plans according to the type of incident. A chemical inci-
dent, for example, would require very different triage, de-
contamination, and treatment approaches than would an
explosive trauma event (Chapter 1). 

Guidelines should be simple, clearly expressed, and
allow flexibility so individual hospitals can adjust to their
own conditions. Some basic characteristics of guideline
development merit special attention. These include
triage, equipment, documentation, operations, and med-
ical treatment. 
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Triage
Effective triage is the key to success in MCI. Various tech-
niques of triage have become popular in recent years, but
ultimately patients are divided into three groups: (a) the im-
mediate group: patients who need urgent attention in
order to sustain life or to prevent serious disability; (b) the
delayed group: patients who can wait for further evalua-
tion without serious threat to life or disability; (c) the expec-
tant group: patients who are so critically injured that even
in a normal situation they have little chance of survival.

It may seem intuitive that the physician in charge (PIC)
of an MCI should perform triage directly on arriving pa-
tients. However, experience has taught that it is prefer-
able for the PIC not to perform triage directly. This is be-
cause it is too easy for the PIC to lose the critical global
perspective of the event. This role is usually performed by
a physician (not the PIC) working in tandem with a nurse.

After triage, victims are sent to different sites based on
their category. This allows for allocation of most doctors
and nurses to the area of greatest need, the immediate
group. The immediate patient group is best located in
the ED so treatment can be initiated as soon as triage
and decontamination (if necessary) are completed.

Equipment
As the number of casualties becomes large, a shortage of
equipment develops. As such, a surplus should be stored
in advance. The storage room should be in close proximity
to the ED, locked, and properly secured (Fig. 24-2). The
system used in Israel consists of medical supply carts
clearly marked so they can be transferred to the appropri-
ate site in the ED. There is a checklist for each cart and for
all equipment. A label posted on the wall of the ED
matches the label on the cart so it may be placed in the
appropriate predetermined location, allowing for a very
rapid and orderly distribution of equipment. The list of
equipment, medical supplies, and the specific sites for lo-

cating them should be decided in conjunction with the
entire staff. In larger hospitals there is one nurse in charge
of conducting a thorough review of the available equip-
ment on one day each week. This includes ensuring that
medications are not expired and are in proper condition. 

Documentation
During mass casualty situations, proper identification and
documentation is often quite difficult. It is important to
develop special documentation for use specifically in this
type of incident. Charts should be numbered in advance.
Each arriving patient is given a file with a number. The
patient is identified by number only. Misidentification is
greatly lessened by this approach. Unconscious patients
are also photographed with a digital camera. Experience
in explosive terrorism has dictated that documentation
templates, which prompt each nurse and physician to
document specific critical information, should be used
for MCI. Otherwise documentation is incomplete and in-
accurate. The use of “open charts” and free-form docu-
mentation is not effective.

Surgical Infrastructure and Personnel
During a traumatic MCI, the number of functioning op-
erating theaters is constant and so are the number of
surgeons, nurses, and surgical support staff. Personnel
are also needed for treatment at the units and wards
where patients are admitted. In an MCI, inefficient use of
these facilities may occur unless careful selection is imple-
mented. A guideline should be created for prioritizing
types of surgery, which surgeries must be performed
acutely, and which can be safely delayed. The immediate
operations should be just those that are lifesaving. Exam-
ples include patients with hemodynamic instability, torso
injuries, or patients with major vascular injuries. All other
surgeries should be delayed until the MCI ends and no
other patients are expected to arrive. If these procedures
are not followed, the operating room may become over-
whelmed with nonemergency interventions, and in-
evitably patients who require lifesaving procedures will
not receive the proper and immediate attention.

Nursing trauma case managers keep a checklist to track
each patient by place and name. The checklist verifies that
each patient has a name tag, the vital signs are recorded,
results of the Focused Assessment with Sonography for
Trauma (FAST) scan are noted, chart documentation has
been completed, and each patient is accompanied by a
nurse or physician prior to leaving the ED. The nursing coor-
dinator also keeps a dynamic checklist, to ensure overall in-
tegrity of the departmental flow. This ensures that person-
nel are in their proper position, the equipment is properly
relocated after a patient leaves, and all key elements have
been completed prior to a victim leaving the ED for the op-
erating room (OR) or other destinations.

Treatment
The guidelines for treatment in everyday trauma are
those established in Advanced Trauma Life Support
(ATLS). With any treatment, only the essential, immediate
care should be administered during the actual MCI. One
relies more on physical examination during these inci-
dents than radiographic evaluation or tomographic (CT)
scans. All other radiographs are delayed until after the
immediate phase of the MCI is over. Bedside FAST ultra-
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Figure 24–2. Storeroom for equipment used in mass casualty 
incidents. The facility is located near the ED. Signs on each cart
match signs posted in the predetermined location where the
equipment in that cart will be needed.



sound studies are particularly useful as a diagnostic tool
to exclude bleeding in the peritoneal cavity because they
are portable, efficient, and do not require extensive time
in the radiology department.

Trauma MCIs are multidimensional in nature. Victims of
explosive injuries often have a combination of burns and of
blunt and penetrating trauma, creating a unique pattern of in-
jury. In an LMC, all of these patients receive full-body CT. All
x-rays are kept as hard copy and not just as computer
screen images because the surgeons in the OR usually will
need to look again at the radiographs.

Information Center
During an MCI, there is an important demand from the
public for information. This will result in two major chal-
lenges: overloading of the phone system and crowding
of the hospital with people looking for their relatives. To
minimize the effect of these two events, an information
center must be established. The characteristic features
of the information center are listed in Table 24-4.

Initiation of Emergency Response 
and Staff Notification
Verification of an event and recruitment of personnel are
important aspects of an MCI. All reports of incidents are

verified simultaneously with the start of staff call-in. This is
usually done by one of three methods: communication
with Magen David Adom ambulance dispatch, contact of
the police, or monitoring the dispatch radio. Simultaneous
with the verification, preparations in the ED are begun. 

All employees of the hospital have pagers issued by the
hospital. There is a specific group designated for ED per-
sonnel. An preselected group of responders are called to
come in to the hospital first. Triage emergency physicians,
surgeons, and nurses from the ER are on this list. In an
MCI, one nurse calls the predetermined group of core re-
sponders. As people arrive, a check-in list is created.
Those who will stay and participate in the care of victims
are given written instructions that remind them of the ex-
pectations of the post they will occupy (Table 24-5). 

If too many staff members arrive, some are selected
to leave and return later. Most often, sufficient staff is al-
ready present in the hospital at the outset of an event,
so only a few additional personnel must be called in for
assistance. Although it is sometimes asserted that often
too many staff members present to the hospital immedi-
ately after an MCI, this has not been the Israeli experi-
ence. The general rule is that more people are called
than are actually required because it is easier to down-
scale an event than ramp up the response after starting.

Chapter 24 Hospital Preparedness 245

TABLE 24-4  Characteristics of the Hospital Disaster Information Center

1. Distinct separate location: A place separate from the ED but in the hospital that will interface directly with relatives and others.
This site should include private rooms and also have access to telephones and a computer link.

2. Publicized telephone numbers: Special telephone numbers are publicized in the media for the public to call to obtain
information.

3. Personnel: The information center should be run by social workers who can provide counseling to families as well as infor-
mation.

4. National hospital information link: A computerized regional linkage allows information about the victims to be available to all
hospitals, so families do not have to go from hospital to hospital looking for their loved ones. This is done through the use of a
shared computer network.

TABLE 24-5  Review Card Given to Arriving Hospital Personnel Prior to the Arrival of Victims

SIDE A: IMPORTANT INSTRUCTIONS

1. You must first check in with the head nurse.
2. You will be assigned to a specific post. Wait there until your patient arrives.
3. When a patient arrives, put an ID tag (prepared in advance) on the patient’s hand and forehead.
4. Take vital signs and write them on the documentation. Sign all MD orders that are completed.
5. Make sure blood sample tubes for blood bank are signed by MD and properly identified with patient’s number.
6. Undress the patient completely, then cover. 
7. Put belongings into a bag and label with patient’s number.
8. Upon completion of ED treatment, the patient must be accompanied by an MD and nurse to the next site 

(e.g., the operating room). 
9. After completing the care of a patient, return all equipment to its proper location.

10. Wait for the next patient.

SIDE B: ATLS THRESHOLDS FOR NOTIFYING A PHYSICIAN, AND SO ON.



After the return to normal levels of care, emergency
staff members gather initially for a debriefing session to
discuss how the events unfolded and how departmental
operations could be improved in the future. This discus-
sion is recorded, and planners are able to use these ideas
for updating and improving the existing plan.

The Israeli approach has been modified over the
years, and it can be assumed that future adaptation will
also be necessary. The basic principle remains the same:
The health care response in a terrorist event is absolutely
critical in improving the outcome of the victims. Plan-
ning, exercises, and reviewing the successes and failures
for each incident are fundamental aspects to improving
the care provided to the victims of such events.
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Community Public Health Preparedness
Scott F. Wetterhall and Darren F. Collins

INTRODUCTION

For a mere 37 cents, the first wide-scale intentional attack with
a biological agent began in the autumn of 2001. With the image
of a double-breasted eagle affixed to a hand-lettered envelope,
the bundled anthrax spores traversed a vast and complex postal
system that can optically scan, date stamp, and automatically
route over 500 million pieces of mail each day . In September
2001, the postal service be gan delivering a pathogen to com-
munities that were ill prepared to recognize and respond to this
novel threat.

Following discovery of a single case of inhalational anthrax
in Florida, the outbreak quickly e volved to include multiple
sites along the East Coast, prompting the need for unprece-
dented coordination across local, state, and federal agencies
and collaboration between unf amiliar partners—law enforce-
ment and public health. The media, seeking fresh items for an
ever shortening news cycle, used opinions from an y available
spokesperson—including many who were not qualif ied scien-
tifically to comment—and created an atmosphere in which one
public health official described as being “under siege” (1). Who
was exposed to anthrax, and when and how, were initially un-
known. The medical community felt frustrated as screening
and treatment guidelines changed abruptly , often with inade-
quate notice from public health of ficials. Postal w orkers felt
they were getting second-class treatment, compared with Sen-
ate staff workers. Firefighters, lacking clear guidance for han-
dling suspicious package calls, were running out of the per-
sonal protective equipment (PPE) used when handling
unknown substances. Hundreds of unwieldy items—suspi-
cious packages, boxes of powdered detergent, floor sweepings,
and other items submitted by the police and public health of fi-
cials—arrived at public health laboratories, straining their stor-
age capacity and taxing their staf f with long hours of duty as
they tested them for the presence of anthrax. Businesses altered
their mail-handling procedures. Ordinary citizens w orried

about opening their own mail. Only when no new cases of an-
thrax had appeared, over the course of several weeks, could we
begin to presume that the outbreak was over.

All of these challenges reflect components of community
public health preparedness. Preparedness is a collecti ve effort
involving the entire spectrum of society—individuals, commu-
nity groups, businesses, government agencies, and elected offi-
cials. In this chapter, we will explore what comprises commu-
nity preparedness, first by understanding ho w the response
community is organized and then by illustrating the special role
that selected preparedness partners contrib ute. Although cur-
rent national and state efforts appropriately emphasize an “all-
hazards”1 approach to planning and response (2), we believe
that events involving biological threats have unique characteris-
tics that justify their closer examination. Thus, we will concen-
trate on the special challenges that biological e vents present to
the preparedness and response community. We will examine in
particular the special role that local public health agencies play
in detecting and responding to an intentional attack with a bio-
logical agent. We conclude by pro viding a checklist for com-
munity public health preparedness. 

PREPAREDNESS ESSENTIALS

ORGANIZATION OF
EMERGENCY RESPONSE

Despite the emer gence of global threats, including new
and exotic diseases, all emergency response is local. In
most states, the local political jurisdiction retains responsi-
bility for emer gency preparedness and response. Elected
officials often v est this authority in a local emer gency
management agency, which has responsibility for coordi-
nating the actions of local go vernment agencies. Mutual-
aid agreements (agreements for one jurisdiction to provide

1 Preparedness planning efforts should enable the local community to address all threats—nuclear, chemical, biological, and other disasters, regardless of
whether they are intentional or naturally occurring. 



personnel and equipment temporarily to another jurisdic-
tion) originated as a means for fire departments to enhance
their response capacity and are becoming more common
among emergency medical, law enforcement, and other
agencies. When the disaster response outstrips local re-
sources or involves multiple jurisdictions, the local emer-
gency manager seeks assistance and coordination at the
state level. If an y domestic incident o verwhelms the re-
sources of state and local authorities, the governor may
seek federal assistance, which is usually coordinated by
the federal Department of Homeland Security (DHS).

For situations involving public health, a similar network
of state and federal support e xists. Local health depart-
ments, if faced with a widespread disease outbreak, may
seek assistance from their state health department. State
health departments may seek federal support, including
consultation, personnel, and material, depending upon the
event. The Centers for Disease Control and Pre vention
(CDC), when requested by state and local health of ficials,
provides technical advice and personnel on a re gular basis
to state and local health departments. The DHS, in collab-
oration with CDC, manages the Strategic National Stock-
pile, a cached collection of antibiotics, vaccines, antidotes,
and medical equipment for rapid delivery.

Since September 2001, the organization and responsi-
bility of federal resources has e volved rapidly, and con-
tinues to e volve. With creation of the Department of
Homeland Security and the President’ s issuance of
Homeland Security Presidential Directi ve 5 (HSPD-5),
the federal government mandated creation of a National
Response Plan (NRP) whose purpose is “to enhance the
ability of the United States to prepare for and to manage
domestic incidents by establishing a single, comprehen-
sive national approach” (2). The NRP frames the man-
agement of incidents into a “life-c ycle” of domains:
awareness, prevention, preparedness, response, and re-
covery. These domains reflect the grouping of acti vities
that the government feels will need to be fulfilled to man-
age effectively any domestic incident (2).

The NRP recognizes that “state and local levels of gov-
ernment have the primary responsibility for funding,
preparing, and operating the services that initially respond
to an incident” (2,3). At the same time, the plan mandates
that “consistent approaches to domestic preparedness as
well as…incident management…must reach to all le vels
of domestic incident management, from the highest eche-
lons of the Federal government to the individual field-level
responders” (2). 

The NRP applies to state and local authorities who re-
quest federal assistance; state and local authorities who ac-
cept federal grants, contracts, or other assistance; and private
and nongovernmental entities that partner with the federal
government around domestic incident management acti vi-
ties. Thus, community public health preparedness must no w
be viewed within the context of this overarching plan.

One significant new requirement is adoption, by all fed-
eral agencies, of the National Incident Management Sys-
tem (NIMS), a component of the NRP, which is designed
to provide a “consistent nationwide frame work within
which Federal, State, and local governments and the pri-
vate sector can w ork…together…[to address]…domestic
incidents, regardless of their cause, size, or complexity”

(2). The Incident Command System (ICS), from which
NIMS is deri ved, is a rob ust management tool that
evolved from fighting forest fires in Southern California
during the 1970s. Incident management or ganizes its ef-
forts around f ive critical functions: command, planning,
operations, logistics, and administration/finance. The
management principles (common terminology , span of
control, communications, and coordination) of incident
command readily support the “all-hazards approach” cur-
rently being fostered under the NRP. 

Because NIMS is required, this system will be
adopted at all levels of the response community—among
federal, state, and local government agencies, as well as
within the pri vate sector. Hospitals, under requirements
for accreditation by the Joint Commission on Accredita-
tion of Healthcare Or ganizations (JCAHO) (4), must
adopt an incident management system for community
preparedness and disaster management. Man y hospitals
are adopting the Hospital Emergency Incident Command
System (HEICS), developed in California in 1992 (5).
Since agencies and entities that are subject to the NRP
will be required to participate in NIMS, we can increas-
ingly expect local community preparedness to be framed
within the conte xt of federal guidelines and require-
ments. Community planners must be a ware of this shift
in orientation.

UNIQUE CHARACTERISTICS OF
BIOTERRORIST EVENTS

Bioterrorism is the intentional use of a pathogen or biologi-
cal product to cause harm to humans and other li ving crea-
tures, to influence the conduct of go vernment, or to intimi-
date or coerce a ci vilian population (6). Bioterrorism is
fundamentally different from natural disasters, accidents,
and civil or political incidents, the other types of events and
range of contingencies that the NRP co vers (2). Bioterror-
ism also has characteristics that distinguish it from other ter-
rorist or criminal acts. Unlike nuclear or chemical incidents,
an attack with a biological agent may e volve slowly, avoid
early detection, and provide few clues to its likely geograph-
ical scope and duration (7,8). Bioterrorism is a form of
“asymmetric” warfare, whereby a relatively “small” event
(such as the 22 cases of anthrax nationwide in 2001) can
produce widespread changes in a population’ s beliefs, be-
haviors, and practices. If the attack is with an agent capable
of secondary spread—such as smallpox or pneumonic
plague—the event can generate fear and anxiety well be-
yond its initial locus.

THE PREPAREDNESS AND RESPONSE
COMMUNITY 

The response community comprises a diverse group of indi-
viduals, private entities, public agencies, and others (Table
25-1). The core partners include traditional public safety
agencies (fire and rescue, law enforcement, emergency
medical services), health care or ganizations, public health
agencies, elected officials, and other government agencies.
Enhancing community preparedness requires creation and
support of sustainable relationships among all members. 
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Fire and Rescue Services
Although fire department personnel would play a primary
role in the response to a chemical event, their role in a bi-
ological event is less pronounced. In the event of a covert
or unannounced attack with a biological agent, there may
be no “scene” to which firefighters can respond. 

Fire departments will, however, have a significant role
in responding to the public’ s concerns about “suspicious
packages.” In the w ake of the f irst case of conf irmed
human anthrax illness in October 2001, public safety offi-
cials found themselves deluged with calls from a panick y
public worried about spilled po wders and other sub-
stances encountered at work or received through the mail.
Fire services should interact closely with public health of-
ficials and the law enforcement community in responding
to perceived threats, particularly those posed by “suspi-
cious packages” that their residents report receiving. 

Fire departments, in collaboration with local public
health agencies, need to adopt standardized protocols for
responding to suspicious packages. Between April 1997
and June 1999, local emergency responders treated more
than 13,000 victims, often by having victims remove their
clothing and be decontaminated with bleach solutions (9).
Following the 2001 anthrax outbreak, local emergency re-
sponders throughout the United States responded to fre-
quent calls for suspicious packages. Despite CDC recom-
mendations that hand w ashing with soap and w ater, not
gross decontamination with bleach solutions, was usually
adequate, these inappropriate responses continued.

The protocol for e valuating suspicious packages
should coordinate the efforts of firefighters, local law en-
forcement, the Federal Bureau of Investigation (FBI), and
local public health. If local la w enforcement, in consulta-
tion with the FBI, determines that there is a credible
threat (e.g., presence of threatening letter), then fire and
rescue personnel should w ork with la w enforcement to
have the specimen delivered for testing to the state public
health laboratory. Local public health is responsible for
follow up with the victim, including assessment of expo-
sure and need for antibiotic prophylaxis, depending upon
the laboratory test results. Such multiagency coordination
is critical to a void repeating past mistak es of inappropri-
ate treatment. 

Law Enforcement
During a terrorist e vent, the NRP designates the Attorney
General, acting through the FBI, as having primary federal
responsibility for coordinating law enforcement efforts. The
NRP recognizes that “the la ws of the U.S. assign primary
authority to the Federal government to prevent and respond
to acts of terrorism” (3). At the same time, local officials
preserve authority and command o ver critical emer gency
operations. The NRP ackno wledges that “the la ws of the
U.S. assign primary authority to the State and local go vern-
ments to respond to the consequences of terrorism; the Fed-
eral government provides assistance, as required” (3).

When a bioterrorist attack occurs, law enforcement and
public health staff must work closely together, often under
rapidly evolving circumstances with much uncertainty . If
the two agencies have not previously worked together, mul-
tiple potential conflicts may arise. Both sectors seek to pro-
tect the public’s health, but they differ in the focus of their
investigations: The role of law enforcement is to identify the
perpetrator; public health seeks to identify those exposed or
ill. Procedures for handling evidence, for example, the need
for a documented “chain-of-custody” may be unfamiliar to
public health officials and hence a cause for concern to la w
enforcement officials worried about compromising their in-
vestigation. 

The standards to which the respecti ve investigations are
held are different: the public health investigation must produce
interventions that are scientifically valid and, more importantly,
prevent further illness and disease; the law enforcement investi-
gation must meet constitutional standards and other le gal chal-
lenges in order to achieve a successful conviction (10).

Information sharing will be critical to the success of both
investigations, but actual practices may create tension and
misunderstanding. Public health of ficials generally support
open sharing of information with their co-investigators. The
exception is that of personally identifiable medical informa-
tion, which health officials do not disclose for legal or ethi-
cal reasons. Law enforcement personnel, however, will seek
individual’s medical information if it is deemed rele vant to
their investigation. Meanwhile, law enforcement will not be
willing to share information with health officials if they feel
its disclosure will jeopardize the safety of conf idential in-
formants or will enable a suspect to escape.
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TABLE 25-1  The Community Public Health Preparedness and Response Community

Local emergency management Local public health agency

Fire and rescue State health department

Law enforcement State emergency management

Emergency medical services Centers for Disease Control and Prevention

Hospitals Federal Bureau of Investigation

Infection control practitioners Red Cross

Physicians Business community

Mental health services Community volunteers



These differences in philosophy, culture, and practice be-
tween law enforcement and public health illustrate the criti-
cal importance of ha ving strong, preexisting relationships
and a genuine understanding of the respecti ve roles each
partner plays. CDC and a U.S. Attorney’s Office, recogniz-
ing this need, have developed a “forensic epidemiology”
course to foster communication and understanding between
the two response sectors (11). The course presents case
studies that require law enforcement and public health of fi-
cials to work collaboratively to identify mutual solutions for
solving the cases. 

Hospitals and Other Heath Care
Organizations
Hospitals will be responsible for treating the victims of a
bioterrorist attack and may administer v accines or antibi-
otics to those e xposed but not yet ill. With this paramount
role in community preparedness and response, hospitals and
other health care or ganizations face formidable challenges:
personnel issues—a nationwide nursing shortage and local-
ized shortages of critical medical specialists; structural
changes—a decrease in the number of hospitals during the
past two decades; b udget constraints—diminishing state-
based Medicaid reimb ursement and the rising number of
uninsured patients; and the competitive pressures that foster
new business models for sustaining f iscal solvency (4). All
of these influences have contributed to a hospital system ill
prepared to provide the sustainable surge capacity that a bi-
ological attack would require.

Hospitals need to transition from a f acility-based ap-
proach to disaster drills to one that reflects their lar ger role
within the community. They need to engage more fully with
other preparedness and response partners. JCAHO encour-
ages this transformation, with the new requirement that one
of a hospital’ s annual preparedness e xercises be commu-
nity-based. 

In many communities, hospitals and public health agen-
cies lack an effective working relationship (4,12). Structural
issues frame these differences. Hospitals focus on provision
of care for individuals, whereas public health agencies em-
phasize population-based strate gies (e.g., vaccination pro-
grams, disease investigations, restaurant inspections). Hos-
pitals rely upon private funding sources, while public health
requires public support (4,13). Public health agencies can
facilitate improvements in relationships by encouraging col-
laboration with their hospitals around impro ving public
health surveillance, fostering interagency communications,
and training of hospital care providers (4). 

Physicians
The physician plays a key role in community preparedness.
An astute physician may be the f irst to identify that a bio-
logical attack is taking place, as was the case in Florida with
the first anthrax case in 2001. Physicians need to be familiar
with the clinical manifestations, diagnostic tests, and treat-
ment regimens for the major biological agents. They must
understand how their hospital ICS operates, and they should
participate in hospital drills and community exercises.

The relationship between practicing physicians and the
local public health agenc y is a critical one (14). Without

strong relations, delays in recognition and response to a
bioterrorist attack may occur . Physicians need to kno w the
local health agency is monitoring the health of the commu-
nity, and they need to know how to contact their local health
agency on a 24/7 basis. During a rapidly evolving outbreak,
the local health agency may be the primary source for treat-
ment guidelines. The credibility of the health agenc y’s rec-
ommendations can be sustained by ha ving preexisting rela-
tionships with the community physicians.

Mental Health
Providing for the mental health needs of disaster victims,
their families, and emergency response workers is an essen-
tial function of emer gency management. Mental health is-
sues following biological events and other forms of terror-
ism may dif fer from those seen in other disasters. Unlik e
other disasters that may produce immediate and physically
horrific results, biological events may create the loss of
one’s notion of community safety—and thereby produce
deep human fears about uncontrollable evil (15). 

Psychological responses following a biological terrorist
attack include anger, panic, fear of contagion, scapegoating,
social isolation, demoralization, and loss of f aith in social
institutions. A critical first step is an ef fective risk commu-
nications plan, with the identification of credible and trusted
spokespersons who can pro vide accurate and frequent as-
sessments of what is known and what is not known as events
unfold (16). 

Medical personnel must anticipate that a biological at-
tack may produce contagious somatization—breathing diffi-
culties, tremors, sweating, feelings of anxiety , and labile
moods (17). Such symptoms may compel persons to seek
care at health care f acilities, further stressing the already
overworked health care system. Medical responders need to
be able to recognize symptoms of anxiety , depression, and
dissociation and provide timely, appropriate treatment. 

We need to prepare for these and other threats to the
community’s psyche, first by recognizing that restoration of
mental health follo wing a biological e vent may be a pro-
longed process. Acute stress disorder may be common
among both victims and responders. With appropriate treat-
ment, however, including emphasis on the normal reco very
process—talking to others, getting rest and respite, and re-
turning to normal routines—reco very may be f acilitated.
Local preparedness to protect the mental health of our com-
munity begins with in viting all mental health practition-
ers—government agencies, academic centers, and individ-
ual counselors and care gi vers—to participate in the public
health planning process. The provision of mental health
services during a disaster must be fully inte grated into and
coordinated with other public health responses. 

Public School System
The public school system, with its extensive ties to the com-
munity, is an important partner in community preparedness.
Schools may serve as distribution centers for v accines and
antibiotics, shelter persons rendered homeless by a tornado
or flood, or provide counseling and information following a
terrorist attack. Schools are assuming larger roles in provid-
ing counseling and psychological support in the f ace of ter-
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rorist attacks (e.g., the recent Washington, D.C., sniper at-
tacks) (8). School counselors represent a public partner in
our mental health response plan.

Schools need to be integrated into any community-based
preparedness planning ef fort. Local emer gency manage-
ment and public health agencies must recognize that the
public health school system needs a seat in the local emer-
gency operations center—to facilitate communications, op-
erations, planning, and resource allocation. School of ficials
need to become familiar with their roles and responsibilities
under the local incident command structure. In anticipation
of their role, schools need to engage in training and exercise
programs that test their response capabilities. Public health
agencies should encourage and foster the school system’ s
participation in community preparedness. 

Media
Although often viewed as adversaries, the news media repre-
sent critical community partners in preparedness and re-
sponse. As with police, fire, and emergency services, the
media should be considered f irst responders. During an
emergency, the public relies almost e xclusively upon the
media for information; the response community communi-
cates with the public through the media. Hence, public offi-
cials must heed the advice to “go out with the ne ws quickly,
no matter how inconvenient” (16). A priority should be hav-
ing a well-rehearsed risk communications plan, with pre-
pared materials (e.g., fact sheets on the pathogens) and pro-
cedures for coordinating messages among all go vernment
agencies and elected of ficials. The plan should include
strategies to use alternati ve media venues, to prepare mes-
sages in languages other than English, and to tailor messages
to specific groups who may be at increased risk (1,17). 

Public health officials were not prepared for the media
onslaught following the anthrax outbreak (1,4,12,18). With-
out credible public health officials available to provide con-
text and commentary during the early stages of the 2001 an-
thrax outbreak, the media sought an y available “expert,”
thereby spawning uncertainty and loss of conf idence in the
public health system (4,18). We need to engage the ne ws
media in the emergency preparedness planning process and
be prepared to use the media for timely, accurate, and sensi-
tive dissemination of critical information (4,19). 

Community Volunteers
Recruiting sufficient numbers of community volunteers dur-
ing a bioterrorist attack is a daunting and formidable task. If
mass vaccination for smallpox were implemented, for ex-
ample, we estimate that providing services, over a period of
5 days, in a county whose population is 700,000 residents
would require 5,000 to 7,500 persons to staf f neighborhood
clinics. Volunteers need to be rapidly recruited, creden-
tialed, and trained; liability issues must be addressed. Fe w
communities have developed viable strategies to mobilize a
large and reliable group of volunteers.

Preparedness involves enlisting the support of commu-
nity organizations (19). The federal government has created
the Citizens Corps (20) initiati ve to help localities coordi-
nate volunteer activities, thereby making their communities
better prepared to respond to emer gencies. Components in-

clude an expanded Neighborhood Watch Program, a Med-
ical Reserve Corps (to engage v olunteer health profession-
als), a Community Emergency Response Team (to promote
partnering between emer gency response of ficials and the
community they serve), and Volunteers in Police Service (to
provide support to la w enforcement follo wing a disaster).
Federal grants ha ve been a warded to communities to de-
velop these programs, which hopefully will pro vide suc-
cessful models for adoption by other communities. 

Business Community
The National Response Plan recognizes the essential role
that the private sector plays, as owner of 85% of the national
infrastructure, in mitigating the physical and economic ef-
fects following a disaster. Businesses are encouraged to per-
form risk assessments, develop contingency plans, and take
actions to improve their state of readiness.

Business Executives for National Security (BENS), a na-
tionwide, nonpartisan organization, employs the e xpertise
of its members to enhance the nation’ s security by collabo-
rating with federal, state, and local governments. BENS has
developed a primer on preparedness to assist b usinesses in
developing contingency plans (21). Their Business F orce
Initiative, piloted in New Jersey and now active in Georgia,
uses the expertise of the business community to strengthen
homeland security. In Georgia, BENS is assisting state and
local health departments in de veloping procedures for dis-
pensing the Strategic National Stockpile.

ROLE OF PUBLIC HEALTH IN PREPARING
FOR AND RESPONDING TO A
BIOTERRORIST ATTACK

As we noted earlier, bioterrorist attacks differ from other at-
tacks using weapons of mass destruction. The medical com-
munity and public health system will be the f irst to detect
and respond to the attack, particularly if the release is unan-
nounced. Health of ficials, sharing authority with public
safety officials, will coordinate the public response to sa ve
lives and prevent disease. While law enforcement officials,
particularly the FBI, coordinate the law enforcement investi-
gation, hospitals and physicians will provide treatment for ill
persons. Concurrently, public health will be attempting to
identify persons at risk of illness, marshal resources (e.g.,
vaccines or antibiotics, depending upon the pathogen) to pre-
vent or ameliorate illness among exposed persons, and iden-
tify and remove (or remediate) the source of e xposure. De-
tection and response are the two critical and unique functions
that public health must fulfill during a bioterrorist attack.

Detection
Monitoring the health of the population is an essential public
health service, one that must be performed daily and is not
limited to attempts to detect bioterrorist events. Officials mon-
itor the status of the population through public health surv eil-
lance—the ongoing collection, analysis, interpretation, and
use of data about health e vents to prevent illness and death.
The key attribute of a successful public health surv eillance
system for bioterrorism is the timely detection of threats. Early
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awareness will enable the public health and medical commu-
nity to provide antibiotic prophylaxis, vaccinations, and treat-
ment, thereby reducing morbidity and mortality. 
Routine notifiable disease surveillance. Routine surveil-
lance for infectious diseases is conducted at the state and
local level, where physicians, hospitals, laboratories, and
others are required by state la w or regulation to report the
occurrence of certain infections (called notif iable diseases
because of their required notif ication) to health authorities.
States participate in the National Notif iable Disease Sur-
veillance System, which allows use of common def initions
and enables sharing of data among states and with CDC.
The primary purpose of this surv eillance system is to iden-
tify outbreaks of illness. Typically, outbreaks are detected
by analyzing a cluster of notifiable disease reports at a local
or state health department and in vestigating their origin.
Alternatively, astute clinicians who witness something un-
usual may notify health authorities and thereby generate an
investigation.
Active surveillance. The notifiable disease surveillance sys-
tem is regarded as a “passive” system because it relies upon
a physician or health care pro vider to initiate notice. As
such, this system frequently misses illness in the commu-
nity, primarily because the physician f ails to report the
events to the health department. To overcome this shortcom-
ing, health departments will implement “acti ve” surveil-
lance, when warranted, by actively calling hospitals and
providers looking for specific cases. 
Syndromic surveillance. Syndromic surveillance is the use
of indicators of illness that may allo w outbreak detection
even earlier than traditional means. In the past five years, in-
vestigators have enthusiastically implemented syndromic
surveillance systems, using a diverse set of indicators: for
example, work and school absenteeism, purchase of certain
medications, 911 calls, symptom complexes (e.g., fever and
rash), and Internet use of a health care information site. Oth-
ers are developing analytical tools and models that can sift
through large quantities of electronic data, seeking clusters
that may represent outbreaks. 

Although many researchers remain optimistic that syn-
dromic surveillance will provide a more sensitive and wider
window of time for early response (22), others are skeptical.
Criticisms include the inability to detect small and geo-
graphically dispersed clusters (as with the 2001 anthrax out-
break); the drain on health department staf f as they repeat-
edly respond to f alse leads (which results from ha ving a
system that is sensiti ve enough to detect the e xceedingly
rare bioterrorist event); and the f ailure to demonstrate that
syndromic surveillance has real v alue—that is, it outper-
forms usual methods of outbreak detection. Most agree that,
in the event of an attack, the tangible benefit from having an
existing syndromic surveillance system will be its help in
rapidly assessing the extent of the outbreak. The system can
be used to gather a quick snapshot of disease acti vity in the
surrounding community (23), which will be in valuable in-
formation for planning purposes.

Laboratory support. Regardless which surv eillance or de-
tection system is used, a robust system that can pro vide
rapid 24/7 laboratory diagnostic support serv es as the criti-
cal foundation of all monitoring systems. One of the earliest

steps in an outbreak investigation is “confirming the diagno-
sis,” which typically relies upon laboratory conf irmation.
Few health officials would feel comfortable implementing
vaccination or antibiotic prophylaxis programs in the ab-
sence of a laboratory-conf irmed diagnosis. CDC has sup-
ported the Laboratory Response Netw ork, a joint program
with the Association of Public Health Laboratories and the
FBI, with additional laboratories that are equipped with
reagents to test for the most important pathogens (13). CDC
places high priority on developing additional rapid diagnos-
tic tests, thereby improving detection and response.

Response

The public health response to a bioterrorist e vent may in-
clude investigating cases, tracing contacts, and assuring pro-
vision of medical treatment and prophylaxis. The best re-
sponse will be one in which public health of ficials are
working in concert with all response partners and are openly
sharing intelligence, information, and resources. 

During a bioterrorist attack, the health department will
be operating under a system of incident command. Organiz-
ing the public health response in this f ashion will facilitate
interaction with other response sectors; moreover, use of the
incident management system will be required (be ginning in
October 2005) to recei ve federal assistance. Man y local
health departments, which vary considerably in staf f size
and population served (13), however, have limited experi-
ence in operating under an incident command system.
Organization of local public health under incident com-
mand. A local public health agency will need to organize its
emergency response activities under an incident command
system. Figure 25-1 illustrates the system emplo yed by the
DeKalb County, Georgia, Board of Health. This ICS struc-
ture has the standard five major functions: command, opera-
tions, planning, logistics, and finance and administration. A
public information officer (PIO), safety officer, and liaison
officer provide staff support to the incident commander. 

The operations function comprises the unique functions
that public health of ficials will perform to respond to a
bioterrorist attack. The epidemiology unit has primary re-
sponsibility for investigating the outbreak, identifying per-
sons who are at risk for illness, and halting the epidemic by
interrupting disease transmission. Unit staf f will w ork
closely with la w enforcement personnel throughout the
investigation.

The case investigation unit is responsible for in vestigat-
ing persons who are “suspected cases” and assuring appro-
priate collection of information and laboratory specimens to
properly classify their conditions. Case in vestigators may
examine patients, identify potential contacts of cases (for
communicable diseases such as smallpox or pneumonic
plague), review medical records, and ensure that appropriate
laboratory specimens are collected and tested. In vestigators
provide information to the surv eillance and contact tracing
sections.

When the disease under in vestigation is transmissible
from person to person, the contact tracing unit attempts to
identify all persons who may ha ve been exposed to ill per-
sons and ensure that the y receive in a timely f ashion either
preventive measures (chemoprophylaxis or v accination) or,
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if ill, diagnosis and appropriate treatment. Contact tracers
work in the community with lists of persons who meet the
definition of “contact” (for example, with smallpox, a con-
tact is a household member or an yone with three or more
hours of face-to-face contact with the “case-patient”) pro-
vided from intervie ws with the case-patient. Some con-
tacts may be readily identif ied and reached (e.g., close
family members); others may be f ar more challenging
(e.g., strangers with whom the encounter w as in a public
place). Contact tracers provide information to the surv eil-
lance section and the mass dispensing branch.

The surveillance unit monitors the occurrence of ne w
cases of illness by checking with health care f acilities and
by receiving reports from physicians and other pro viders.
Depending upon the outbreak, surveillance staff may ask
hospitals to report an y occurrence of patients meeting the
criteria for reporting possible patients (e.g., patients admit-
ted to the hospital with respiratory failure) (24), or they may
assign health department staf f to re view hospital records.
The surveillance unit also receives lists of persons (i.e., con-
tacts) who have received any prophylactic treatments (med-
ications or v accinations), since these persons are at in-
creased risk for illness, depending upon ho w timely the
prophylactic measures were implemented.

The mass dispensing branch is responsible for pro vid-
ing preventive measures to e xposed persons (antibiotics
or vaccinations and health education). This branch re-
ceives from the contact tracing section lists of persons
who need prophylactic treatment. Alternatively, if the ex-
posure involves an environmental or occupational e xpo-
sure (e.g., the Brentwood postal workers in Washington,

D.C.), the list of eligible persons may come from a dif-
ferent source (in this example, the employer). Depending
upon the magnitude of the outbreak, the branch may set
up dispensing clinics in existing health department facili-
ties, or it may enlist schools to pro vide multiple sites to
treat large numbers of persons. Mass dispensing includes
registering clients, providing health education, perform-
ing any necessary medical screening (e.g., allergies to an-
tibiotics, pregnancy testing), providing preventive treat-
ment, and ensuring that mechanisms for appropriate
follow-up are in place.

The environmental health branch oversees issues of envi-
ronmental safety. The nature of the agent and the mode of
attack will determine this branch’ s scope of ef fort. Under
some circumstances, the environmental health branch will
have few activities. With the 2001 anthrax attack, however,
environmental cleanup unexpectedly blossomed into a large
and complex issue that required considerable ef fort and
prompted new guidelines for addressing this issue (25).

Although routine mental health services are pro vided by
an agency separate from our board of health, we have di-
rectly incorporated, under an arrangement with our local
mental health agenc y, the mental health branch functions
into our operations function. A representative of the local
mental health agency will work with the public and pri vate
community to ensure that mental health services are a vail-
able for the follo wing groups: patients; family members of
patients; contacts of the patient (if the disease is communica-
ble); providers (health care w orkers, public safety workers,
public health personnel, and others); and the community
(through coordination with the public information officers). 
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Figure 25–1. Organization of a local public health agency under an incident command structure during a public health emergency,
with branches of Operations and Logistics sections. 



PREPAREDNESS CHECKLIST TABLE 
AND SUMMARY

Community preparedness is an ongoing process that re-
quires trusting relationships and collaboration among all re-
sponse sectors. This checklist recognizes the foundation that
these relationships represent and highlights the critical
needs that must be met, such as trained staff and redundant
communications systems for notification and dissemination
of information. The checklist also highlights specif ic ac-
tions that should be tak en by v arious members of the re-
sponse community.

• Collaborative working relationships exist across local,
state, and federal governmental and nongovernmental
agencies.

• Agencies understand legal basis of emergency re-
sponse, including provisions in the NRP.

• Agency roles and responsibilities during an emergency
are clearly defined.

• Agencies perform exercises using ICS.
• Interoperable and redundant methods of communica-

tions among all response partners are in place.
• Standardized protocols exist for handling suspicious

packages.
• Public health understands how evidence in law 

enforcement investigations is handled.
• Hospitals plan to increase surge capacity, obtain 

additional staff, and provide emergency credentialing.
• Hospitals participate in community-wide exercises.
• Hospitals can conduct active surveillance for specified

diseases and conditions.
• Physicians know how to contact their local and state

health departments on a 24/7 basis.
• Physicians report unusual illnesses or clusters to

health department on a timely basis.
• Physicians participate in community exercises.
• Health care providers can recognize and treat symp-

toms of stress.
• Mental health services can be provided to patients, their

families, contacts of cases, and response personnel.
• Mental health operations are integrated into the ICS of

local public health.
• Schools can provide facilities, staff, transportation,

and security during a community emergency.
• A communications strategy is in place, including the

identification of spokesperson(s) who have media
training. 

• Opinion leaders in the community (including faith-
based organizations) are identified.

• Predeveloped materials, including fact sheets and
press releases, are available.

• Individuals who can translate information into multi-
ple languages have been identified.

• Protocol to triage phone calls and a system to handle the
influx of large numbers of calls have been developed. 

• Programs have been established to identify, recruit, and
train volunteers.

• Business community participates in the creation of an
emergency preparedness plan.

• Businesses have developed individual contingency plans.
• Public health can implement disease surveillance 

systems with hospitals and community physicians.
• Adequate laboratory capacity will be available to test

specimens and samples in a timely manner.
• Public health can operate under incident management

system.
• Staff members are trained to conduct epidemiologic

investigations and contact tracing.
• Methods are established for organizing treatment 

centers for providing vaccines and antibiotics.
• Method is in place for rapidly distributing treatment

guidelines to the medical community. 
• Senior leadership supports preparedness planning 

activities.

RESOURCES

The following Internet sites pro vide additional information
for enhancing community public health preparedness.
1. The National Association of County & City Health Offi-

cials (NACCHO) is the national nonprofit organization
representing local public health agencies. For informa-
tion on their bioterrorism and emergency response pro-
grams, visit http://www.naccho.org/project63.cfm.

2. Center for Risk Communication. The Center for Risk Com-
munication is a pioneer in the development and use of ad-
vanced communication methods based on decades of uni-
versity-level behavioral-science research and practice. Web
site: http://www.centerforriskcommunication.com/home.htm

3. Heartland Centers for Public Health Community and Ca-
pacity Development – St. Louis University School of
Public Health. The Heartland Center for Public Health
Preparedness (HCPHP) is part of the national network of
centers established through joint collaboration of Centers
for Disease Control and Prevention, NACCHO, and the
Association of Schools of Public Health. Web site:
http://www.slu.edu/centers/heartland/

4. Public Health Foundation—TrainingFinder. Train-
ingFinder is a comprehensive database of nationwide
learning opportunities for professionals who protect the
public’s health. Web site: http://www.train.org/
DesktopShell.aspx?tabid=93

5. The Center for Biosecurity is an independent, nonprofit
organization of the University of Pittsburgh Medical
Center. The Center works to prevent the development
and use of biological weapons. Web site:
http://www.upmc-biosecurity.org/
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6. The RAND Corporation is a nonprofit institution that
helps improve policy and decision making through re-
search and analysis. For information about their health
and healthcare research, visit http://www.rand.org/re-
search_areas/health/

7. Center for Infectious Disease Research & Policy – Uni-
versity of Minnesota. The center’s mission is to prevent
illness and death from infectious diseases through epi-
demiologic research and the rapid translation of scien-
tific information into real-world practical applications
and solutions. Web site: http://www.cidrap.umn.edu/

8. The Center for Law and the Public’s Health at George-
town and Johns Hopkins Universities. The Center seeks
to enhance the visibility and effectiveness of law as a
tool for the promotion of the public’s health. Web site:
http://www.publichealthlaw.net/
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Mass Gathering Preparedness
Carl Menckhoff and Michael Shaw

INTRODUCTION

The classic def inition of a mass gathering is a group of
greater than 1,000 people (1–4), although the vast majority
of the literature deals with groups exceeding 25,000. In this
chapter we def ine a mass gathering as a group of people
who have come together in a particular location for a spe-
cific purpose for a period of time that may range from a few
hours (in the case of a sporting e vent or concert) to a fe w
weeks (in the case of the Olympic Games).

Mass gatherings are e xtremely common all around the
world. In the United States alone, 165 million people at-
tend NBA, NFL, and NCAA events (5,6) and 5.5 million
attend NASCAR events (6,7), only a fraction of the mass
gatherings that occur each year . Only a relati vely small
body of literature covers this topic, however, and it has just
been over the last 15 years that more has been written on
the subject. Weaver stated in 1989 that there are “fe w data
from which to plan emer gency medical needs for public
events and no recognized standards or guidelines for pro-
viding emergency medical services at mass gatherings”
(3,8). The majority of what has been published is descrip-
tive papers of v arious events, and not until recently has
there been an attempt to def ine the medical planning
needed for mass gatherings (9–13).

Whenever a large group of people gather , there is a risk
for catastrophe. The responsibility for public health protec-
tion falls squarely on the event planners. The concerns of all
parties, from public utilities, public safety, and hospitals to
the event attendees, are best addressed during the planning
of the event.

This chapter outlines the necessary steps in preparing
and implementing medical care for a mass gathering as well
as the essentials of planning for mass casualties and terroris-
tic events. The roles of local f ire, police, and emergency
medical services (EMS) are described, and the groundwork
for planning is discussed. There are also a multitude of vari-
ables, often uncontrollable, which must be tak en into ac-
count. Many of these, such as environmental hazards and
physical and ecological barriers, are also described.

EVENT PLANNING

The first step in planning an e vent involves assembling the
event planning committee, which should occur well in advance
and involve the event coordinator, designee from public safety,
the local fire department official, and the medical director. In
the initial meeting, the chain of command should be estab-
lished as well as how information will be transmitted.

The event coordinator heads up the committee. Through
this person, key information regarding the logistics and finan-
cial support for the e vent should be readily a vailable. Either
the local police department or a private security company will
likely supply the public safety component of the e vent. The
role of this or ganization is def ined later as we discuss each
stratum individually. Fire protection will likely fall under the
auspices of the local fire marshal. Medical coverage concerns
will be relegated to the person designated as the medical direc-
tor. Together this committee will deliberate to form the basis
for the preparedness plan. 

The role of the local la w enforcement agency or the em-
ployed private security company needs to be clearly def ined.
They should be in control of access to the e vent and involved
in the development of the disaster plan. Cro wd control is an
essential area that will f all under their jurisdiction. Access to
and from the event will, at times, be difficult due to masses of
people, and preplanned entry and e xit routes for emer gency
vehicles must be secured. Public safety should also be a vail-
able if the need arises to control unruly patients or crowds.

The local f ire service will ha ve a v ested interest in f ire
safety for any event, especially an indoor one. The structure of
the established fire response system needs to be taken into ac-
count when developing the disaster plan. The local fire mar-
shal will be able to supply information re garding the planned
response to the e vent location and should be made a ware of
any potential fire hazards caused by the event, numbers of ex-
pected spectators, and planned access routes to and from the
event. The fire department must be aware of hazardous materi-
als such as pyrotechnics as well as chemicals that may be pres-
ent in large quantities for cleaning or special ef fects. The fire
department will need to kno w who will be in char ge of the



event and negotiate the role of their department in the event of
fire or mass casualty incidents. 

Many fire departments utilize the incident command sys-
tem (ICS), which offers a defined structure of who will be in
charge of the scene at a mass causality incident. In this system,
a command center is established. Lar ge events with an estab-
lished disaster plan risk adding to the chaos if the role of the
event staff is not clearly def ined beforehand. The medical di-
rector should negotiate a position in the command center as
the medical consultant and coordinate the use of the estab-
lished medical event staff with the incoming medical response
from the local EMS agenc y and fire department first respon-
ders.

During the initial meeting with the e vent coordinator, the
financial support for the medical team needs to be def ined.
Events held for prof it should have resources available; non-
profit functions may not. Some hospital groups pro vide the
medical support for events for an equivalent value in advertis-
ing. If resources are not available or are insufficient, donations
from sponsors should be sought out. Medical supply compa-
nies or medical equipment companies might be willing to do-
nate supplies or loan equipment for little more than adv ertise-
ment at the aid station. The opportunity for local hospitals or
community groups to show support for community events will
encourage their involvement. Another option, which has not
been commented on much in the literature, is to provide fee-
for-service care.

The event medical director has many aspects to consider in
planning for a mass gathering. Details include staf fing, fi-
nance, communications, and logistics. Additionally, aspects of
the event, such as estimated attendance, the type of e vent,
weather, and the presence of drugs or alcohol, must be consid-
ered. Many of these v ariables cannot be predicted or con-
trolled accurately but must be planned for as their presence be-
comes evident. 

EVENT SITE PLANNING

The characteristics of the planned event site need to be clearly
defined. Will the event be indoors or outdoors? If the e vent is
planned for indoors, items such as access routes signif icantly
change. Indoor event planners need to consider v entilation in
case of fire or the dispersion of hazardous chemicals by terror-
ist attack. Ev acuation plans for the b uilding need to be re-
viewed and incorporated into the disaster plan. Locations of
the established first aid stations need to be def ined in indoor
arenas early in the planning sessions because the y often can-
not be moved. How will patients be tak en to the aid stations
when the seats are f illed? Planned routes of tra vel need to be
laid out and protected by security.

Outdoor events, conversely, allow for the movement of the
aid stations to f it the need of the particular e vent. Outdoor
events aid stations should be located within a walking distance
of 5 minutes for the average anticipated spectator or at least no
further than 1/8 mile apart (9). In outdoor e vents, barriers of
both an environmental and physical nature e xist and are sub-
ject to change with the influx of spectators as well as the
weather. Once easily tra veled paths may become block ed by
masses of people or by w ater from overflowing streams and
ditches during hea vy rainfall. Once again, safe passage for

emergency personnel needs to be planned early and protected
by security. The area where medical care is pro vided needs to
be clearly defined. What about the people in the parking lot?
Will medical personnel be responsible for the participants in
the event and the e vent support staff or the spectators only?
This needs to be discussed in the initial planning session. If
medical personnel will be responsible for the support staff, the
medical teams need to be represented when the f irst of the
staff arrive and stay there until the last of the cleanup crew has
gone for the day. If they are responsible for the parking lot, an
aid station may need to be positioned there as well.

Once the venue for the event is defined, the next appropri-
ate measure is to visit the location. Detailed maps should be
created paying close attention to en vironmental and physical
barriers to passage. Potential hazards should be noted. For ex-
ample, events occurring near wooded areas could pose hazards
like snake bites or bee stings, and for indoor events, the con-
cern for fire safety and v entilation becomes more important.
Vital information can be attained from those who ha ve pro-
vided care at the event during its prior engagements as to how
the crowd tended to gather, the demographics of the attendees,
and the numbers of requests for medical assistance. This infor-
mation will be helpful in estimating the placement of aid sta-
tions and the needed le vel of coverage, including the number
of aid stations and supplies that may be needed.

An article by Nordber g describes a general classif ication
system for events. This classification system uses some what
broad strokes to describe the general e vent venue and crowd
activity and geographical layout. Class I e vents include those
where the spectators all ha ve seats and are generally station-
ary. Sporting events and concerts that have a short time period,
in terms of hours in which the y occur, are examples. Class II
events consist of mobile cro wds of people, who themselves
may also participate in the e vent. These events occur over a
period of time def ined by days. Examples of these types of
events would be Mardi Gras in Ne w Orleans and the World’s
Fair. Class III e vents are smaller in terms of cro wd size but
cover a lar ge geographical area. Marathons and road bik e
races represent these types of events (14). 

CROWD DEMOGRAPHICS

The demographics of the crowd play an important role in plan-
ning for medical coverage. Some events may attract a wide de-
mographical cross section, whereas others may attract a nar-
rower segment of the population. F or example, a visit by the
pope (15–18) will attract an older population, in general, and a
hard rock concert will bring an entirely different subset of peo-
ple (19). Sporting events will attract spectators of all ages and
physical abilities. Having knowledge of these typical cro wds
that specific event types attract can help predict the types of
medical issues that might arise. One should be able to predict
that mosh pit activity (where participants are hurled around in-
side a ring of participants) will likely be present at certain pop-
ular rock concerts, resulting in increased medical utilization
rates (MUR) (20) and a higher percentage of trauma. Political
events have their own inherent issues and pose the increased
risk of a terrorist attack. High-ranking political of ficials often
attend these types of e vents and come accompanied by their
own medical staff and security. These VIPs need to be known
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as early as possible, and how their staff will fit into the overall
medical care picture needs to be well defined. Some papers in
the literature ha ve attempted to def ine the “mood” of the
crowd (6). This seems like a logical parameter to define; how-
ever, the mood often develops after the beginning of an event.

At Woodstock in 1994, for example, the mood changed sig-
nificantly over the course of the multiple-day e vent (6,21,22).
It started out as aggressi ve as people were trying to stak e out
their territories. After the rains, however, people began to help
each other, and there was much more of a sense of community.

LEVEL OF SERVICE AND STAFFING

The next item to consider is the le vel of service that medical
personnel will pro vide. The event coordinators may dictate
this or it may be left for medical people to decide. This topic
has spurred much debate in the literature. It seems clear, how-
ever, that there must be, at the very least, the input of a physi-
cian and usually one on site during the e vent itself (23). Also,
regardless of the le vel of care, all possible ef forts must be
made to provide defibrillation to cardiac arrest victims within
5 minutes (10). This may be accomplished through the use of
AEDs or carefully placed advanced life support (ALS) units.

The options for le vel of service pro vided can be di vided
into three broad categories: basic, intermediate, and advanced.
Basic level service consists of basic-le vel EMTs and f irst re-
sponders. With this level of service, the care provided is lim-
ited to the provision of basic first aid, CPR, wound care, and it
excludes the dispensing of medications. A physician medical
director is required to develop protocols for treatment, disposi-
tion of patients, and quality improvement review. There should
be provisions made for the presence of an amb ulance on site
or on call for those patients who require transport of f site. In-
termediate-level service should provide EMTs and nurses who
possess the proper license to administer IV fluids and utilize
some advanced airway devices. The physician may be present
at the main aid station or may include these therapies in the
protocols developed for this level of service. If the physician is
not on site, there must be provisions made for the f ield crews
to contact an online medical control physician. The therapies
provided for in the protocols, especially with regard to dis-
pensing medications, will be dictated by the limits set by the
individual state boards of EMS. The question of who will be
allowed to disposition patients must be clarif ied. Will the
nurses and EMTs be allowed to release patients to the event or
to home, for instance (24)? The option for an on-site amb u-
lance still remains open at this le vel of service, but with ad-
vanced skills being performed on site, one would be preferred.
An advanced-level service requires the continuous presence of
a physician at the main aid station. Field cre ws should consist
of paramedics, RNs, and physicians. The protocols developed
are only limited by the physician’s license. This system allows
for on-site treatment of minor illness and injury and the poten-
tial for the patient to be released back to the event. On-site im-
mediate ambulance transport should be provided with at least
one ambulance on site at all times. Quality impro vement re-
view of this system should be more rigid, and all dispositions
should be overseen by a physician.

Several reviews have analyzed the number of staf f needed
for adequate coverage of mass gatherings. One, adopted by the

American College of Emergency Physicians, states that there
should be one EMT/nurse team per 10,000 attendants and at
least one physician per 50,000 people (9). 

One common misperception of many event planners is that
the local EMS service will be capable of supplying adequate
coverage to the planned e vent without special arrangements.
This expectation often falls short of what is required because
the local EMS system could be easily overwhelmed or not im-
mediately available when the call goes out. To prepare for an
event adequately, a specific level of care at the e vent must be
established and developed in conjunction with the local EMS
organization. Once the le vel of service has been determined,
the infrastructure can proceed in development. The event med-
ical director should serv e as the on-site physician or the lead
physician at the e vent if multiple physicians will be present.
All members of the medical team should have the appropriate
licensure and malpractice coverage. Protocols and/or standard
operating procedures should be developed and supplied to all
providers of medical care at the event. These should include a
standard method of pro viding a disposition for patients.
Whether the le vel of service is basic life support (BLS) or
ALS, the goal should be to provide rapid and efficient quality
medical care. Many patients seen for medical attention can be
treated and released back to the event. 

The level of care is often dictated by what is locally a vail-
able and what the event planners can afford. A basic structure
that can be easily modif ied to fit the particular need of a spe-
cific event and will work for either an ALS or BLS system is
described here. This structure centers on a base station, which
will serve as the center where the highest level of medical care
will take place and the center for communications. The base
station should house the on-site physician, the communication
center, all supplies needed at the event, and the most sophisti-
cated treatment center that can be put in place. It should be ad-
equately equipped to initiate treatment for all medical emer-
gencies including cardiac and respiratory emer gencies and
provide the basics of adv anced trauma life support. This
should include advanced airway equipment and the necessary
tools to treat acute traumatic injuries. When providing care at
smaller events, this is likely all that will be needed.

The staffing of this station should consist of the physician
and two to three support persons (EMTs or nurses). This will
allow for adequate medical care at the center with some ability
to respond away from the center to treat patients in the cro wd
or retrieve patients to the treatment center . In situations where
increased coverage is needed, the base station should house all
terminal supplies in suf ficient quantity to restock satellite sta-
tions. When the need for expanded coverage is required to min-
imize response times, the decision to utilize ro ving units or
fixed position secondary stations must be made. It is recom-
mended that if spectator density is the limiting f actor in re-
sponse times, roving units on foot, on bicycle, or in a golf cart
should be utilized. When the event is to cover a large geograph-
ical area, secondary stations may be more appropriate because
they can provide basic medical care up to and including some
basic procedures. This will allow simple treatments to be pro-
vided with minimal disruption to the individual patient’s partic-
ipation in the event. The care at these stations should be limited
to short treatments such as sutures and minor w ound care and
tetanus prophylaxis and dispensing of medications. Treatments
that may require longer to provide and may require a short pe-
riod of observation and reevaluation can be initiated at the sec-
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ondary station, and then the patient may be mo ved to the base
station where a f inal disposition can be made by a physician.
The base station should serv e as the point from which all pa-
tients are transported away from the event unless the nature of
the emergency prohibits it. This scheme will reduce the confu-
sion often associated with locating a single patient in a cro wd
of thousands and provides the need to maintain a single route
of entry and exit for emergency vehicles.

This setup is a useful base model to use because it
lends itself to e xpansion or downsizing according to the
size of the event for which coverage is needed. Frequently
the same organization will be called on to pro vide med-
ical coverage for multiple e vents of v arious sizes and
types. The system can be further e xpanded to include
multiple base stations when there is a physical barrier that
is impassable such as a race track, which may require a
base station on either side of the track. As the system ex-
pands, there will be the need for a runner to resupply sec-
ondary stations and retrieve supplies from an offsite loca-
tion as needed. The secondary stations should be staf fed
by two to three people, which will allow for a member of
the team to be dispatched to an indi vidual in the cro wd
while leaving someone at the station. Response from a
secondary station may be accomplished either on foot or
in a golf cart, depending on the physical layout of the
event. The medical event staff should be assembled and
briefed weeks prior to the start of the e vent. They should
be trained on the protocols and standard operating proce-
dures that will be used. The arrival times for the medical
team should be well def ined, and an assembly point
should be established from where teams can pick up sup-
plies and be dispatched to the secondary stations. The
base station serv es this function well. A uniform dress
code should be established that will allo w medical per-
sonnel to be easily identif ied. Provisions for the medical
team should include parking passes, appropriate tickets or
passes to the event, and food coupons.

COMMUNICATIONS

Communication during a mass gathering is a crucial point that
must be well delineated and ideally ha ve some degree of re-
dundancy. The failure of communication can destroy even the
most well-planned event coverage. In the e vent of a disaster ,
communication among the medical staff will need to be inter-
grated to all other aspects of the public safety model. The
broad availability of cellular service has impro ved this aspect
of event coverage significantly. The communications center
should be the base station, which should have the capability of
communicating with all aspects of public safety including the
local fire department, local EMS, police or security, and event
administration as well as individual medical staff. This is often
best accomplished through the use of two-way radios or cellu-
lar phones with similar capabilities. Hard line or cellular serv-
ice should also be a vailable at the base station. The physical
layout should be def ined during the initial e vent planning in
such a way that the cro wd can be di vided into specific loca-
tions in order to narro w the search area for an y specific indi-
vidual during the event. All calls for assistance from the crowd
should be coordinated through the base station, which will

then in turn dispatch the appropriate medical team. Ev en if a
spectator reports an emer gency to one of the secondary sta-
tions, the base station should be notif ied prior to the initiation
of a response. 

DOCUMENTATION

Provision of medical care at an e vent is not without liability .
Thus there is a need for adequate documentation of all patient
encounters. The documentation of any medical care provides
medicolegal protection as well as an avenue of data collection
and allows for reporting of the service pro vided back to the
event coordinators. If fee for service is to be used, the level of
documentation should allow for optimized billing and reim-
bursement. A method of documenting patient encounters must
cover the scope of potential patient complaints without being
overburdening on the individual provider. The person request-
ing an aspirin certainly does not require a full history and
physical exam (H&P) lik e the patient presenting with chest
pain. The patient requesting aspirin likely only requires name,
age, sex, complaint, allergies, and his or her function at the
event. The patient with chest pain will need a full H&P similar
to what w ould be done in the emer gency department. The
form developed must be simple to fill out but provide adequate
medical documentation of the complaint, exam, assessment,
and treatment given. Refusal-of-care forms and AMA forms
must also be established and in place at the e vent (10). Basic
discharge instructions should also be pro vided for those
treated at the event, and there will need to be a system of qual-
ity improvement review to improve care for future events and
for risk management purposes.

POSTEVENT ANALYSIS

After the event is over, all the medical records should un-
dergo analysis and the information should be compiled. The
event coordinators will appreciate a poste vent report, in-
cluding the number of patients treated, the types of medical
complaints encountered, the treatment pro vided, and the
disposition of the patients. This postevent analysis serv es
many functions. It pro vides information for future e vent
coverage of similar venues, allowing for minor adjustments
in staffing and equipment needed. The event coordinators
will be able to better appreciate the role of the medical team
at their event, keeping in mind that many people who would
otherwise have had to leave the event to seek medical atten-
tion were able to remain and continue to participate. Data
collection will also serv e as an invaluable research tool al-
lowing for publication of the e xperience gained at the par-
ticular event. Finally, the data will be useful as the primary
tool for quality impro vement review of the co verage pro-
vided. Letters thanking those who ha ve participated in the
medical coverage of the e vent, either physically or f inan-
cially, should be sent in an effort to encourage their support
in the future. Letters from patients treated at the e vent
should be forwarded to the event coordinators. All of these
postevent efforts will serv e to justify the presence of the
medical team and solidify its position at future events. 
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PREPAREDNESS HISTORIC EVENTS AND
CASE HISTORIES

Much can be learned from prior e vents. A review of the
literature (Table 26-1) makes evident that medical usage
rates (MURs) v ary widely, from 3 patients per 10,000
(PPTT) in a 5-year re view of concerts in Southern Cali-
fornia (19) to 347 PPTT at the 1989 Special Olympics
(9). Seventy percent of events reviewed had an MUR ≤70
PPTT. Multiple f actors need to be tak en into account
when trying to predict MURs, such as type and duration
of event, attendance, mobile versus seated, indoor versus
outdoor, weather, physical plant, alcohol and drug usage,
and age and mood of the crowd. 

Several of these f actors have been shown to correlate
with higher MURs (6):

1. Drug and alcohol use
2. Hot weather
3. Being outdoors
4. Crowds being mobile rather than seated
5. Rock concerts (vs. classical music)

Although many other variables may intuitively point to-
ward higher MURs, the reported data have been inconclusive.

In a review of the literature describing mass gatherings
during which mass casualty incidents or terroristic e vents
have taken place (25-27), there have been several success
stories. What is evident is that although the majority of med-
ical care at mass gatherings will involve taking care of spec-
tators and participants, it is crucial to ha ve a mass casualty
plan that can be activated if necessary. This plan should ide-
ally be based on “daily routine doctrine,” whereby the disas-
ter plan puts into ef fect an escalation of e xisting treatment
protocols (27).
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TABLE 26-1  Summary of Mass Gathering Events

Glastonbury fair UK 1971 150,000 77 Widespread use of drugs and alcohol 6,28

NUMBER 
EVENT LOCATION DATE OF PEOPLE PPTT VARIABLES AND SPECIAL FACTORS REFERENCE

Summer Olympics Munich 1972 Eight Arab terrorists in Olympic track-
suits forced their way into the Israeli
Olympic Village compound. 11 Israeli
athletes, 1 German police officer, and 5
terrorists dead.

25

Rock concert at
Watkins Glen

NY 1973 600,000 6 High drug use 6,29

Rock festival Vermont 1973 35,000 69 Widespread use of drugs and alcohol 6,30

NFL season Denver 1978
10 games

720,000 4 Higher usage during earlier, hotter part
of the season

6,31

Rock concert Toronto 1980
August

30,000 163 High drug usage 32

Golf tournament,
“The Open”

UK 1981–1990 1,568,833 51 Ten-year review. Emphasized good
communications with the chief marshal,
police, and ambulance services

33

Worlds Fair Knoxville, TN 1982
October

11,000,000 23 6,34

Rock Concert
US Festival

San
Bernardino,
CA

1982
September

410,000 64 Day 1: Punk rock—55 PPTT
Day 2: New wave—50 PPTT
Day 3: Contemporary rock—105 PPTT
Low drug use overall. Older crowd on day 3

6,35

Summer Olympics Los Angeles, CA 1984 3,450,000 16 Highest MUR (21) at outdoor events
with mobile spectators and a crowd 
capacity of <30,000

25,36,37
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TABLE 26-1  Summary of Mass Gathering Events (continued)

Golf tournament Advance, NC 1987
May

80,000 22 4 days 42

Papal visit San Antonio, TX 1988 200 encounters, 90% heat related. 
Temperature (T)=100–106° F

6,15

Winter Olympics Calgary, Canada 1988 1,800,000 15.2 43

Air show Ramstein,
Germany

1988 Airplane fell into spectator enclosure:
45 dead; over 500 injured. Mass casualty
plan activated and all survivors treated,
triaged, and evacuated within 96 minutes

26

World Exposition Vancouver 1986
October

22,100,000 39 41

College football AZ 1983–1986 1,264,341 3 No change in MUR pre and post EtOH
ban, although extensive alcohol and drug
smuggling

6,40

College football,
basketball, and 
concerts

NY 1980–1986 Crowd size has only a minor influence
on patient volume

6,39

Live Aid Concert Philadelphia, PA 1985
July

90,000 33 38

NUMBER 
EVENT LOCATION DATE OF PEOPLE PPTT VARIABLES AND SPECIAL FACTORS REFERENCE

Boating PA 1988 Three Rivers Regatta accident: Formula 1
boat collided with shore, injuring 24 
spectators (50% pedestrians). All patients
triaged and evacuated in 32 minutes

27

Outdoor music 
festival

UK 1989 75,000 62 Three-day event held on private farm in 
England. Predicted 6,000; 75,000 
arrived. Insufficient toilets and water. 
Gastroenteritis outbreak

6,44

Special Olympics Galveston, TX 1989 777
athletes

347 33

Indianapolis 500
NASCAR event

Indianapolis,
IN

1983–1990 400,000
per year

3.5 Average for 8 races 33,45,46

Royal Adelaide
Show

Adelaide,
Australia

1991
9 days

140,000 91 Usage rates correlated best with variations
in temperature rather than attendance

6,47

Super Bowl Tampa, FL 1991 70,000 185 48

Papal visit Denver, CO 1993 500,000 Changing weather played a big role.
Tmax 89º F during the day. Dropped to 
56º F at night. Spectators cooled with hoses
during the day were shivering at night.

6,16,17

Rock concert Bryam 
Township, NJ

1993 54,000 15 Outdoor 49

Rock concert Woodstock, NY 1994 350,000 
(estimated)

143 Rain, with 30º F drop during concert 6,21,22

Papal visit New York City 1995 130,000 4 In Central Park;
T=50-60ºF and scattered showers

18
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TABLE 26-1  Summary of Mass Gathering Events (continued)

NUMBER 
EVENT LOCATION DATE OF PEOPLE PPTT VARIABLES AND SPECIAL FACTORS REFERENCE

Papal visit New York City 1995 75,000 19 At Aqueduct racetrack; T=85ºF and no
water sold inside racetrack

18

College football 1995 485,989 11 Review of seven home games. Alcohol
banned. Hot and humid

50

AIDS ride 3 CA 1996 Seven-day event. 2,650 riders; 25,379
medical treatments. One day T=107ºF
with 70% of cases heat related

6,51

Democratic 
National 
Convention

Chicago, IL 1996 30,000 16 Field hospital saw 12, 37 at 
convention site

54

Chicago Concert
Series

Chicago, IL 1996 250,000 12 High rate of drug and alcohol use. 
When patients asked, half admitted to
using some drug

52,53

Summer Olympics Atlanta, GA 1996 19,000,000
calculated

23 July 27 bombing killed 2 and injured 110.
Heat-related illness most common among
spectators. No significant change in local
hospital ED visits over baseline

55,56,57,
58

Concerts Southern 
California

1993–1998 4,638,099 3 Max MUR 71 PPTT at a music festival at
an outdoor pavilion where a riot broke out.
Rock concerts had 2.5 times the overall 
patient load of nonrock concerts.

19

Millennium 
Eve celebration

Oxford, UK 1999 Temporary ED set up in smaller hospital
closer to millennium festivities. Only 9
patients seen in temporary ED; 342 in
main ED

59

Thunderdome 
Rave party

Antwerp,
Belgium

1999 14,000 70 81% of patient contacts related to 
intoxication

60

Rock concert Washington, DC 1999 186,000 82.9 Mosh pit experience. Moshing
accounted for 37% of injuries

20

Solar eclipse Cornwall, UK 1999 Used telemedicine to connect nurse-run
minor injury units to a major hub ED; 4.6%
of patients required a telemedicine consult

62

Royal Adelaide
Show

Adelaide,
Australia

1995–2001 4,316,404 17 63 show days, >7,000 patients. Positive cor-
relation between temperature and MUR

63

Rock Concert 
Festival

Taipei 2001 50,000 6 6,64

Masters Golf 
Tournament

Augusta, GA 2000–2002 150,000
(estimated)

92 Actual attendance numbers are not released.
Estimate of 50,000 each Masters with 1,379
total patient encounters for 3 years

Author

Rock Concert Washington, DC 1999 Lightning strike. Bystander CPR initiated
<1 min. Found to be asystolic. Intubated
after a couple more minutes by an emer-
gency physician. Pulse was restored and pt.
Arrived in ED <10 min after lightning strike
with purposeful movements

61
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RESOURCES

1. American College of Emergency Physicians. Provision
of emergency medical care for crowds [paper].

2. NAEMSP. Mass gathering medical care: the medical di-
rector’s checklist [booklet].

3. NDMS web site: http://ndms.dhhs.gov/.
4. Local DMAT teams.
5. FEMA web site: http://www.fema.gov/.
6. Red Cross web site: http://www.redcross.org/.
7. U.S. Department of Homeland Security web site:

http://www.dhs.gov/dhspublic/.
8. Local EMS.
9. Poison Control web site: http://www.aapcc.org/. 

Telephone: 1-800-222-1222.

TABLE 26-2  Timeline for Preparation

Prior to event tasks 12 mos. 10 mos. 8 mos. 6 mos. 5 mos. 4 mos. 3 mos. 2 mos. 1 mo. 1 wk. 1 d.

Contact event coordinators X

Assemble event 
planning committee X X

Meet with planning committee X X

Develop plan for 
medical coverage X X

Assign medical director X

Secure malpractice insurance X

Recruit volunteers X X X X X X X X X X

Order uniforms/shirts X

Visit site X X X X

Develop map of site X X

Acquire communication system X X

Test communication equipment X X

Acquire equipment and supplies X X X X X X X X X X X

Set up for event X X

PREPAREDNESS SUMMARY

Mass gatherings pro vide a unique set of
circumstances for the planning and pro vision of
medical care. Due to the multiple v ariables
involved, no one individual plan can be applied to
all events. The approach, however, should be
consistent, encompassing all of the aspects
discussed in this chapter (Tables 26-2, 26-3, 26-4;
Fig. 26-1). Ultimately , having a comprehensi ve
plan for routine medical care and disaster
scenarios is the best w ay to ensure a medically
uncomplicated event and pre vent unnecessary
morbidity.

http://ndms.dhhs.gov/
http://www.fema.gov/
http://www.redcross.org/
http://www.dhs.gov/dhspublic/
http://www.aapcc.org/
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TABLE 26-3  Supply List

EQUIPMENT AND SUPPLIES MAIN STATION SECONDARY STATION JUMP BAG

Stretchers or beds X

Portable suction X X

Cardiac monitors/defibrillator X

AED X X

Oxygen X X

Cooling fans X

Warming blanket X

Laryngoscope set X X X

ET tubes, 3.5 – 8.0 X X X

Oxygen supplies X X X

Nebulizer sets X X X

Oral airways X X X

Backup airway device X X X

Ambu bags (adult and pediatric) X X X

End tidal CO2 detector X X X

IV fluids: D5W, saline, LR X X X

IV supplies X X X

Bandages (Band-aids, Kerlex, etc.) X X X

Splinting material X

Suture—assorted X

Suture trays X

Steri-strips X X

Irrigation saline X X X

Sphygmomanometer X X X

Stethoscope X X X

Thoracostomy tray X

Spine boards X X

Cervical collars X X X

Golf carts X X

Tents for secondary stations X

Tables X

Jump bags X

Prescription pads X

Patient encounter forms X X X

AMA forms X X X

Glucose monitor X X X

Handheld cautery X

Woods lamp X
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TABLE 26-3  Supply List (continued)

EQUIPMENT AND SUPPLIES MAIN STATION SECONDARY STATION JUMP BAG

Fluorescein strips X

Pulse-ox monitor X

Extra batteries X X

Clipboards X X X

Epistaxis trays X

Cool packs X X X

Otoscope X

Disaster triage tags X X X

Pens X X X

Pillows X

Ring cutter X

Coolers X X

Soap X X X

Sheets X X

Eye irrigation X X X

Oral rehydration fluids X X

Suction tubing and tips X X

Tape X X X

Thermometer X X

Towels X X X

Pocket mask X X X

IV poles X X

Blankets X X

Burn dressing

Lock box for narcotics X

Event Organizer

EMS

Transport

Fire ProtectionPublic SafetyMedical Director

CommunicationsField Crews

Physicians

Nurses

EMTs

RunnerEquipment Mgr

Figure 26–1. Possible organizational structure.
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TABLE 26-4  Medication List

Aspirin X X X
Tylenol X X X
Motrin X X X
Morphine X
1% lidocaine with and without epi X X
Maalox X X
Benadryl (IV, PO, IM) X X X
Epinephrine 1:1000 and 1:10,000 X X X
Topical antibiotic ointment X X X
Phenergan (PO, IM, IV, PR) X X
Prednisone (IV, PO) X
Albuterol (nebulized, MDI) X X X
1% hydrocortisone cream X X X
Silver sulfadiazine X X X
Xeroform gauze X X
Atropine X X X
IV lidocaine X X X
Sodium bicarbonate X X X
Calcium chloride X X X
Fosphenytoin X
Dopamine X
Furosemide X
Metoprolol X
Adenosine X
Insulin X
D50 X X X
Imodium X X
Versed X
Midriatic solution X
Valium X
Tetanus toxoid X X
Activated charcoal X
Sunscreen X X X
Sunburn lotion X X X
Insect repellant X X X

MEDICATIONS MAIN STATION SECONDARY STATION JUMP BAG
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Federal, State, Regional, and Local
Resource Access and Utilization
David W. Gruber

INTRODUCTION

An act of terrorism is by nature a surprise e vent that shocks
any medical system. People, equipment, and finances will be
stretched to capacity in many ways, and the ability of a med-
ical system to maintain a concentrated ef fective effort may
wane with time if the system is not initially prepared and re-
freshed on a regular basis. 

During an acute incident of terrorism (e.g., explosive
event), staffing may be inadequate or inappropriate, or staff
members may be victims of the incident. During a chronic
episode (e.g., infectious disease), responders may become
exhausted or themselves become secondary victims, thereby
reducing the ability of the medical system to sustain the re-
quired level of response. Supplies may be short, unavailable,
or inaccessible, and resupply may be impossible. Equipment
may not be appropriate for a response, or responders may be
unable to reach response sites with the equipment. Planners
may have missed certain needs or may ha ve used faulty as-
sumptions. An absence of ef fective command, control, and
communications may negate the ability for a logistically ca-
pable system to provide an adequate response. Every level of
medical organization—first responder, first receivers, single
medical facility, local system, regional or state program, or
federal effort—is stressed by the preparedness for , and re-
sponse to, an act of terrorism or mass casualty incident.

This chapter will pro vide an o verview of the federal,
state, regional, and local resources a vailable to the medical
system that aid in the medical preparation for and response
to terrorism. Since the boundaries of these resources may
blur and their use may overlap, this chapter will also address
the integration of the dif ferent levels of resources (federal,
state, regional, and local). And since medical responders at
these different levels are responsible for dif ferent aspects of
response, this chapter will address the four areas of the Dis-
aster Management Cycle: mitigation, preparedness, re-
sponse, and recovery. 

The objective is to provide planners with a shopping list
of resources and assistance during pree vent efforts, and to
ensure that responders are aware of the resources and assis-
tance available during and after their response to an act of
terrorism. Since the list of resources is e xtensive, the chap-
ter will recommend basic, intermediate, and advanced re-
sources to allo w the user to incorporate necessary assets
progressively. 

PREPAREDNESS ESSENTIALS

THE EMERGENCY PREPAREDNESS
AND RESPONSE TRIAD

The Emergency Preparedness and Response Triad (the
Triad) depicts three critical components that deal with the
preparation for and response to an act of terrorism or mass
casualty incident. The components of the Triad are emer-
gency management, health care deli very systems, and
public health systems (Fig. 27-1). 

Emergency Public Health

Health Care

Figure 27–1. The Emergency Preparedness and Response Triad.



Recovery includes those activities that continue until
all systems return to normal or better. Recovery meas-
ures, both short and long term, include returning vital
life-support systems to minimum operating standards.
It encompasses damage insurance/loans and grants,
temporary housing, long-term medical care, disaster
unemployment insurance, public information, health
and safety education, reconstruction, counseling pro-
grams, and economic impact studies. Information re-
sources and services include data collection related to
rebuilding, claims processing, and documentation of
lessons learned.

Mitigation is the elimination or reduction in probability
of the occurrence of a disaster, or the lessening of the ef-
fects of unavoidable disasters. Mitigation measures in-
clude building codes, vulnerability analyses updates, tax
incentives and disincentives, zoning and land use man-
agement, building use regulations and safety codes, allo-
cations and interstate sharing of resources, preventive
health care, and public education. Information resources
and services important in mitigation activities include
GIS-based risk assessment, claims history, facility/re-
source identification, land use/zoning, and building code
information. Use of modeling/prediction tools for trend
and risk analysis is also important (1).

The medical preparation and response to terrorism may
take place during an y phase of the Disaster Management
Cycle. 

THE EFFECTS OF DISASTER MANAGEMENT
CYCLE TEMPO ON MEDICAL
PREPAREDNESS AND RESPONSE

The tempo of the DMC will frequently determine the
availability and use of resources. For example, during the
preparedness phase, in the absence of an infectious dis-
ease outbreak, a hospital may have the needed months to
construct adequate isolation f acilities. However, an out-
break of SARS might accelerate this same hospital into
the response phase prior to isolation f acility completion,
and the same hospital may have only days to prepare itself
for numbers of highly contagious patients. Lik ewise, a
public health system may be able to adequately v accinate
a number of health professionals for smallpox during the
preparedness stage of the c ycle and, as part of the re-
sponse phase, would be able to accelerate this process to
include additional health professionals and f irst respon-
ders. However, the ability to ef fectively mass v accinate
millions in a timely fashion is a significant challenge. 

Tempo control of the DMC is the most critical compo-
nent of the preparedness for and response to an y act of
terrorism, public health emergency, or mass casualty inci-
dent. Access and use of appropriate resources at the ap-
propriate time is a means of tempo control. 

Traditionally, many medical planners focused only on
the prehospital and hospital components of the response
phase of the DMC. This focus understandably occurs for
two reasons. First is the de gree of comfort and e xpertise
that medical professionals have in these areas. F or exam-
ple, fire and law enforcement first responders may depend
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The health care deli very system includes hospitals,
Emergency Medical Services (EMS), federally qualified
health centers (FQHC), facilities related to care for the
aging (long-term care), psychological treatment facilities,
and other medically related organizations. This is the cat-
egory most associated with the medical response to terror-
ism. Integration of this component with the public health
system and with emer gency management or ganizations
provides a complete approach to readiness and response.
When preparing for a medical response to terrorism or
any public health emer gency, all three components must
individually plan ho w they would respond to such an
event. However, it is just as important for individual plans
to complement each other in order to ensure a complete
and integrated response to a disaster. 

THE DISASTER MANAGEMENT CYCLE

The Emergency Preparedness and Response Triad is ap-
plied to a c ycle of e vents surrounding a public health
emergency, act of terrorism, or mass casualty incident.
This cycle, designated the Disaster Management Cycle
(DMC), depicts the phases of an incident, emergency,
mass casualty event, or disaster from pre vention through
recovery. The cycle is divided into four phases (Fig. 27-
2). Although depicted as sequential, there may be overlap
or jumping of phases and concurrent activities that simul-
taneously address dif ferent phases. The following de-
scribes the objectives and activities that occur within each
phase.

Preparedness is the phase during which governments, or-
ganizations, and individuals develop plans to save lives,
minimize disaster damage, and enhance disaster response
operations. Preparedness measures include preparedness
plans; emergency exercises/training; warning systems;
emergency communications systems; evacuation plans
and training; resource inventories; emergency
personnel/contact lists; mutual aid agreements; and public
information/education.

Response includes those activities that provide emergency
assistance for casualties, reduce the probability of second-
ary damage, and speed recovery operations. Response
measures include activating public warning; notifying
public authorities; mobilizing emergency personnel/equip-
ment; providing emergency medical assistance; manning
emergency operations centers; declaring disasters and
evacuating; mobilizing security forces; initiating search
and rescue; and activating emergency suspension of laws.
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Figure 27–2. The Disaster Management Cycle.



on the medical community to treat the victims of an inci-
dent so that the y may focus on the causes and ef fects of
medical emergencies (i.e., hazmat incidents, fires, crimi-
nal actions, or search and rescue). The second reason that
medical planners key on prehospital and hospital issues is
the traditional sto vepipe of programs. Until recently ,
cross-pollination of ideas, interaction of dif ferent pre-
paredness and response communities, and integration of
horizontal and v ertical preparedness and response plans
has been the e xception rather than the rule. F ortunately,
there is a shift in this paradigm. So while medical plan-
ners continue to focus on prehospital and hospital compo-
nents, they now are e xpected to inte grate these compo-
nents into a holistic vie w of preparedness and response
and to be subject matter experts for these components for
others who plan for the DMC. This integration is occur-
ring across all areas. The result is a tremendous amount of
resources and assets a vailable to the medical response to
terrorism.

RESOURCES

Resources related to the medical response to terrorism are
available in all phases of the DMC, and the most ef fica-
cious medical response to terrorism or mass casualty inci-
dent will take advantage of as many resources as possible.
These resources fall into four general cate gories: govern-
mental, partnerships/associations/volunteer organizations,
academia, and commercial.

GOVERNMENTAL RESOURCES 

Governmental resources are a vailable at federal, state, and
local levels and may support all phases of the DMC. This
chapter will later address specific programs; however, as an
overview, major federal resources are a vailable through the
Centers for Disease Control (CDC), U.S. Department of
Justice Office for State and Local Domestic Preparedness
(ODP), Federal Emergency Management Agency (FEMA),
Health and Human Services (HHS) Health Resources and
Services Administration (HRSA) and Agency for Health-
care Resources and Quality (AHRQ), and the U.S. military,
specifically the U. S. Army Medical Research Institute of
Infectious Diseases (USAMRIID). The Federal Bureau of
Investigation (FBI), the Central Intelligence Agency (CIA),
the National Domestic Preparedness Consortium, the Na-
tional Health Professions Preparedness Consortium, and the
National Disaster Life Support Educational Consortium
(NDLSEC) have courses and background materials support-
ing planning and intelligence related to the medical re-
sponse to terrorism. The NDLSEC is a collaborati ve effort
of federal, state, and academic centers with f inancial sup-
port from the Centers for Disease Control and Pre vention
(CDC).  The overarching goal of the NDLSEC is to stan-
dardize emergency response training nationwide and
strengthen our nation’s public health system.  The resources
listed in various forms provide for planning, training and ex-
ercise, equipment, funding, and response. (Note: Many pro-
grams listed now fall under the Department of Homeland

Security; however, it is best to associate them with the organi-
zations listed.)

The federal go vernment, through Homeland Security
Presidential Directive 5, has developed the National Inci-
dent Management System (NIMS) to provide interoperabil-
ity between the federal, state, and local levels. A specific
program supporting the medical response to terrorism is the
Hospital Emergency Incident Command System (HEICS).
HEICS is a hospital disaster management system that is
based on the general disaster incident command system
(ICS). Although HEICS is an Orange County , California,
product, this system has become a model for most hospital
incident management organizations. HEICS features a flexi-
ble management organizational chart that allows for the cus-
tomized hospital response to a crisis to include the or gan-
ized division of tasks and a realistic span of control for
managers. The San Mateo County Emer gency Services
Agency provides information and download of the HEICS’s
project and plan on their web site (2).

The National Oceanic and Atmospheric Association
(NOAA) provides weather and en vironmental information
that could pro vide insight into deplo yment of terrorist
weapons of mass destruction (i.e., plume dispersion, tem-
perature, humidity), and the climatic conditions that respon-
ders would operate under during the medical response to an
incident (3).

In the area of response, governmental teams are available
for deployment to an affected site. These include CDC epi-
demiological investigation teams; CDC Strate gic National
Stockpile (SNS) Technical Advisory Response Units
(TARU) to assist in state and local deplo yment of the SNS;
FBI investigative teams; National Guard Ci vil Support
Teams (CST), and the U.S. Marine Corps Chemical Biolog-
ical Incident Response F orce (CBIRF) both able to assist
local, state, or federal agencies by providing capabilities for
(a) agent detection and identif ication, (b) casualty search,
rescue, and personnel decontamination, and (c) emergency
medical care and stabilization of contaminated personnel.
This book addresses go vernmental partnership teams later
in this chapter.

State governmental resources vary in scope, responsibil-
ity, and comprehensiveness; however, there are some general
resources available through state programs. State statues sig-
nificant to the medical response to terrorism may address the
emergency powers of the health response system (emergency
powers acts), the role and responsibilities of the health sys-
tem within a state’ s emergency management structure, and
the cross-credentialing and mutual aid agreements. State
emergency management plans are critical in def ining how a
state will organize and respond to a major incident,as well as
the responsibilities of dif ferent organizations within these
plans. State emergency management organizations will man-
age and operate a state’ s Emergency Operation Center
(EOC). Within the state EOC, state health departments gen-
erally represent the medical community. However, the scope,
guidance and responsibilities of indi vidual state health de-
partments vary greatly. One specific role of a state health de-
partment is as a conduit of CDC and HRSA polic y and pro-
cedures to a state’ s constituents. Other k ey resources
provided by state health departments include isolation and
quarantine procedures, biological specimens transfer proto-
col, and pharmaceutical and medical stockpile distribution.
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Depending on a state’s organization, the departments of
energy, environment, and agriculture and state’ s attorney
general’s office may play roles in the medical response to
terrorism. Few states are or ganized identically; ho wever,
these listed departments are sources for information on
communicable disease, nuclear/radiological incidents,
water-borne threats, agricultural and animal-related terrorist
events, and generalized counterterrorism. In addition to pro-
viding information, experts from these departments should
be considered important resources in medical planning and
response. Also at the state le vel, the FBI’s Joint Terrorism
Task Forces (JTTF) are sources of intelligence that can assist
the medical community. Sixty-six JTTFs made up of federal,
state, and local la w enforcement members are located
throughout the country. These teams share international, na-
tional, and local terrorism information and intelligence and
serve as conduits of information to state agencies. 

Major funding sources that pro vide states with funds
specifically related to the medical planning and response to
terrorism include federal grant mone y from CDC, HRSA,
and ODP. These funds may be allocated by the state or
passed through to localities for distrib ution. State subsidies
vary greatly across the country with possible sources from
specifically designated terrorism funding, health services
funding, and EMS funding. In general, most states rely on
FEMA funding to provide recovery assistance after a major
incident, although some may ha ve an emergency fund for
this purpose.

Local governmental resources, normally from a health de-
partment, are limited. An exception is the federal contributions
directly to localities funded by the Metropolitan Medical Re-
sponse System (MMRS). The primary focus of the MMRS
program is to de velop or enhance e xisting emergency pre-
paredness systems to respond effectively to a public health cri-
sis, especially a weapons of mass destruction (WMD) event.

In March 2003, the MMRS joined FEMA and other pro-
grams from the Departments of Health and Human Ser-
vices, Energy, and Justice to become the Emer gency Pre-
paredness and Response Directorate of the new Department
of Homeland Security (4).

OTHER ORGANIZATIONS

Partnerships
There are formal partnerships signif icant to mass casualty
response operations. Most note worthy are those associated
with the National Disaster Medical System (NDMS) operat-
ing under Operations Branch of the Response Di vision of
the Federal Emergency Management Agency, U.S. Depart-
ment of Homeland Security. The NDMS is a public/pri vate
partnership that pro vides emergency health care services
and definitive medical care to disaster victims when state
and local resources are o verwhelmed. At the national level,
the partnership includes Department of Defense, FEMA,
HHS, and Veterans Administration (VA). The VA’s role in
NDMS is one of coordination of v arious NDMS areas
throughout the United States. There are three circumstances
under which the NDMS may be activated:
� In response to an overseas military contingency 

� In response to a direct request to the Secretary of
HHS for major medical assistance

� After a Presidential declaration of a disaster under the
Federal Response Plan

Specific Response Teams
Disaster Medical Assistance Teams (DMAT) are a v olun-
teer group of medical and paramedical professionals who
have prepared themselv es to assemble rapidly as a self-
sufficient medical response unit. This group, capable of
mobilization and deployment within 24 hours of notif ica-
tion, is composed of physicians, nurses, and rescue and
support staff, who can provide acute emergency and pri-
mary care to an af fected population. Team members are
trained to deliver medical and surgical care and to stabilize
victims at a disaster site until the y can be e vacuated to a
receiving hospital. A DMAT is also equipped to pro vide
primary care services in cases where communities may
have lost their health care facilities.

Disaster Mortuary Assistance Teams (DMORT) provides
mobile morgue operations, forensic examination, DNA ac-
quisition, remains identification, search and recovery, scene
documentation, medical/psychology support, embalming/
casketing, family assistance center, antemortem data collec-
tion, postmortem data collection, records data entry, data-
base administration, personal effects processing, coordina-
tion of release of remains, provision of a liaison to United
States Public Health Service (USPHS), provision of com-
munications equipment, and safety officers and specialists. 

Veterinary Medical Assistance Teams (VMAT) include
veterinarians, technicians, and support personnel with small
animal, large animal, exotic, livestock, and wildlife experi-
ence. 

The Community Emer gency Response Team (CERT)
program helps train people to be better prepared to respond
to emergency situations in their communities. When emer-
gencies happen, CERT members can give critical support to
first responders, provide immediate assistance to victims,
and organize spontaneous v olunteers at a disaster site.
CERT members can also help with nonemer gency projects
that help improve the safety of the community . The CERT
course is taught in the community by a trained team of f irst
responders who have completed a CER T Train-the-Trainer
course conducted by their state training of fice for emer-
gency management or by FEMA’s Emergency Management
Institute (EMI), located in Emmitsb urg, Maryland. CERT
training includes disaster preparedness, disaster fire sup-
pression, basic disaster medical operations, and light search
and rescue operations (5).

The Center for Mental Health Services (CMHS) through
an interagency agreement with FEMA via the Emer gency
Services and Disaster Relief Program supports immediate,
short-term crisis counseling, and ongoing support for emo-
tional recovery for the victims of disasters. CMHS staf f
helps to ensure that victims of presidentially declared disas-
ters received immediate, short-term crisis counseling, as
well as ongoing support for emotional recovery. CMHS col-
laborates with FEMA to train state mental health staff to de-
velop crisis counseling training and preparedness ef forts in
their States.
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The Comprehensive Hazmat Emergency Response - Ca-
pability Assessment Program (CHER-CAP) is of fered by
FEMA to assist local communities and tribal go vernments
in obtaining a greater understanding of hazmat risks, identi-
fying planning deficiencies, updating plans, training first re-
sponders, and stimulating and testing the system for
strengths and needed improvements. CHER-CAP is a tech-
nological hazards component geared to ward building more
prepared communities throughout our nation. 

CHER-CAP’s purpose is to:
� Identify opportunities for plan revisions
� Identify communication needs
� Identify resource needs 
� Improve coordination 
� Comply with training requirements 
� Clarify roles and responsibilities 
� Improve individual performance 
� Serve as a Train-the-Trainer initiative for additional

jurisdictions 
� Test plans and systems in a comprehensive hazmat

exercise 
� Motivate public and private officials to support emer-

gency programs 
� Increase general awareness of proficiency and needs
� Improve federal–state–tribal and government–local-

industry emergency management relationships (6).
The Radiation Emer gency Assistance Center/Training

Site (REAC/TS) has provided support to the U.S. Depart-
ment of Energy, the World Health Organization (WHO), and
the International Atomic Energy Agency (IAEA) in the
medical management of radiation accidents. A 24-hour
emergency response program at the Oak Ridge Institute for
Science and Education (ORISE) sponsored by  REA C/TS
trains, consults, or assists in the response to all types of radi-
ation accidents or incidents. The center’s specially trained
team of physicians, nurses, health physicists, radiobiolo-
gists, and emergency coordinators is prepared around-the-
clock to provide assistance on either the local, national, or
international level (7).

Associations
Associations capable of assisting in the medical response to
terrorism include profit and nonprofit, medical and nonmed-
ical, professional and nonprofessional. These associations
may contribute to different phases of the DMC.

Medical associations pro vide information and prepara-
tory guidelines that can assist in mitigation and prepared-
ness phases of the DMC. National medical associations in
this category include the American Medical Association
(AMA), Association for Professionals in Infection Control
and Epidemiology (APIC), American Pharmaceutical Asso-
ciation, Advisory Committee on Immunization Practices
(ACIP), College of American Pathologists (CAP), American
Nursing Association (ANA), Pediatric Infectious Disease
Society (PIDS), National Emergency Medicine Association,
National Association of EMS Physicians (NAEP), National

Association of Emergency Medical Technicians (NAEMT),
and National Mental Health Association (NMHA). 

The NDLSEC in partnership with the AMA developed
the National Disaster Life Support (NDLS) training pro-
gram to better prepare health care professionals and emer-
gency response personnel throughout the nation for all-haz-
ards mass casualty events.  

Public health-oriented associations include the Associa-
tion of State and Territorial Health Of ficials and the Na-
tional Association of County and City Health Officials. Hos-
pital, Long Term Care (LTC), and primary care associations
at the state and local levels are frequently strong partners in
preparation and response to mass casualty incidents and
should be consulted during planning stages.

Volunteer Organizations 
Volunteer organizations provide a source of manpo wer and
expertise that augment in-place medical responders.

The Red Cross pro vides disaster preparedness and re-
sponse programs that support medical disaster response ef-
forts. In addition to providing disaster planning to the com-
munity at-large and training and educating v olunteers for
disaster response, the Red Cross disaster relief ef fort fo-
cuses on the provision of shelter, food, and health and men-
tal health services to address basic human needs. The Red
Cross also feeds emergency workers, handles inquiries from
concerned family members outside the disaster area, pro-
vides blood and blood products to disaster victims, and
helps those affected by disaster to access other available re-
sources (8).

The Salvation Army provides trauma counseling to indi-
viduals and families, identification and registration informa-
tion for locating victims and pro viding information and
communication to inquiring f amily and friends, mobile
feeding of hot meals to victims and relief personnel on-site,
and facilities for preparation and service of meals to victims
and relief personnel (9).

Radio Amateur Civil Emergency Services (RACES) is a
public service provided by a reserv e (volunteer) communi-
cations group within go vernment agencies in times of e x-
traordinary need. Traditional RACES operations in volve
emergency message handling on Amateur Radio Service
frequencies. These operations typically in volve messages
between critical locations such as hospitals, emergency
services, emergency shelters, and any other locations where
communication is needed.

RACES is administrated by a local, county, or state civil
defense agency responsible for disaster services. RACES is
a function of the Federal Communications Commission
(FCC) Auxiliary Communications Service (A CS), some-
times known as DCS (Disaster Communications Service),
ECS (Emergency Communications Service), ARPSC (Ama-
teur Radio Public Service Corps), among others. FEMA
provides planning guidance and technical assistance for es-
tablishing a RACES organization at the state and local gov-
ernment level (10).

First Aid/EMS volunteer organizations exist in varying
forms depending on location. Due to this v ariance, the en-
gagement of these v olunteers will occur in dif ferent ways.
This paragraph serves only as a reminder to include these
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organizations during the planning for and response to a
mass casualty incident. 

The National Voluntary Organizations Active in Disaster
(NVOAD) goal is to coordinate the planning ef forts by
many voluntary organizations responding to disasters.
NVOAD is not itself a service deli very organization. In-
stead, it upholds the privilege of its members to pro vide re-
lief and reco very services independently , while expecting
them to do so cooperatively. As such, it may serve as a coor-
dinating organization for the medical planning and response
to a major incident.

There are v arious businesses and b usiness groups that
volunteer goods and services in preparation for and during
disaster response. Some of these goods and services are di-
rectly applicable to medical operations. Some are repre-
sented by organizations (i.e., Business Executives for Na-
tional Security (BENS)) and others contrib ute individually.
All should be considered during planning, response, and re-
covery operations.

Academia and Training Organizations
In 2000, CDC established a national system of Academic
Centers for Public Health Preparedness (A-CPHP) to
strengthen state and local w orkforce capacity to respond to
bioterrorism and to support CDC’ s prevention programs in
general. As of September 2003, 22 academic centers link
schools of public health with state, local, and regional
health departments to support bioterrorism preparedness
and address public health infrastructure needs. In addition to
these academic centers, CDC has designated Specialty and
Advanced Practice Centers. The centers are listed here. F or
additional information regarding the A-CPHP program, ac-
cess the CDC Internet site, http://www.cdc.gov/programs/
bio.htm, or the individual centers’ web sites.

The Academic Centers at the Schools of Public Health
are University of Alabama-Birmingham, Columbia Univer-
sity, Emory University, Harvard University, Johns Hopkins
University, University of California-Berk eley, University
of California-Los Angeles, Saint Louis Uni versity, State
University of New York-Albany, Tulane University, Univer-
sity of Iowa, University of Illinois at Chicago, University
of Medicine and Dentistry of Ne w Jersey, University of
North Carolina-Chapel Hill, University of Michigan,
University of Minnesota, University of Oklahoma, Univer-
sity of South Carolina, University of South Florida, Univer-
sity of Texas, University of Pittsb urgh, and University of
Washington. 

Specialty Centers
CDC specialty centers are Dartmouth Medical Colle ge,
Johns Hopkins and Georgetown University-Center for Law
and the Public’s Health, Saint Louis University-Center for
the Study of Bioterrorism and Emerging Infections, Univer-
sity of Findlay (Ohio)-National Center of Excellence for
Environmental Management, University of Georgia-Center
for Leadership in Education and Applied Research in Mass
Destruction Defense, University of Louisville-Center for
Deterrence of Bio warfare and Bioterrorism, and Texas

A&M University-National Emergency Response and Res-
cue Training Center.

Advanced Practice Centers
The advanced practice centers are Dekalb County Board of
Health-Georgia, Denver Health-Colorado, Monroe County
Health Department-New York,Westchester County Health
Department-New York, and Lawrence-Douglas County-
Kansas. The Center for Domestic Preparedness (CDP) in
Anniston, Alabama, offers specialized advanced training to
state and local emer gency responders in the management
and remediation of incidents of domestic terrorism, espe-
cially those involving chemical agents and other toxic sub-
stances. CDP is a di vision of the Of fice for Domestic Pre-
paredness (ODP) in the Of fice of Justice Programs, U.S.
Department of Justice (DOJ). CDP serv es as a member of
the National Domestic Preparedness Consortium, which
was established by DOJ’s Office of Justice Programs/Office
for Domestic Preparedness to provide expertise and training
to the state and local emergency response community. 

COMMERCIAL RESOURCES 

The increase in federal funds aimed at countering threats of
bioterrorism has resulted in an increase in commercial ini-
tiatives focused on this area. Numerous companies at the
national and international levels are attempting to augment a
core of defense, medical, pharmaceutical, and security busi-
nesses and consultants that had entered this sector prior to
bioterrorism becoming a multibillion dollar in-vogue indus-
try. The scope of this industry is too large to discuss in detail
except to note there are specialists in training, equipment,
planning, and information technologies all aimed at sup-
porting the battle against health emer gencies. The expertise
of these specialists v aries considerably as does the quality ,
appropriateness, and usefulness of their products. 

PREPAREDNESS CHECKLIST 
TABLE AND SUMMARY

The following tables provide specific resources and assis-
tance for the medical response to terrorism,which, for activ-
ities in support of this response, are consistent with the
Emergency Preparedness and Response Triangle. Resources
are identified for each phase of the Disaster Management
Cycle and arranged according to the cate gories described
earlier (governmental, partnerships/associations/volunteer
organizations, academia, and commercial). These resources
are then assigned either Basic, Intermediate, or Advanced
levels to assist planners and responders in identifying which
resources should be considered of most interest and which
might be resources that supplement basic practices. As a re-
sult, the user should be able to initially address core capabil-
ities and then build on this core toward a more advanced re-
sponse design (Tables 27-1 to 27-4). 
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TABLE 27-1  Mitigation Resources for the Medical Response to Terrorism

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

GOVERNMENT

Federal Federal Emergency Management
Agency (FEMA) 
www.fema.gov

P, F, I,T,C Functions as specific area devoted to
all-hazards/terrorism mitigation, fund-
ing for mitigation projects.

Basic

Federal United States Army Medical Institute
of Infectious Disease (USAMRIID)
www.usamriid.army.mil

I,T Supplies information on agents of
CBRN and their effects, treatment pro-
tocols, latest research on WMD issues.

Basic

Federal The Centers for Disease Control
(CDC) 
www.bt.cdc.gov

P,F,I,T Gives information on agents of CBRN
and their effects, treatment protocols,
SNS and mass vaccination programs,
medical system/public health funding.

Basic

State/Local Office of Emergency Management
www.fema.gov/fema/statedr.shtm

P,I,C Provides state information on mitiga-
tion coordination and activities.

Basic

Local Metropolitan Medical Response
System (MMRS)
www.mmrs.fema.gov

T,R,E,C Coordinates activities related to equip-
ment associated with CBRNE agents.
Although a federal program, contact
should occur with the local MMRS. 

Basic

Federal Health Resources and Services 
Administration (HRSA)
www.hrsa.gov

P,F,I Offers mass vaccination support, med-
ical system funding.

Intermediate

Federal Agency for Healthcare Resources and
Quality (AHRQ)
www.ahcpr.gov

P,I Provides assessment tools for clinical
care delivery and public health.

Intermediate

Federal Office for Domestic Preparedness
(ODP)
www.ojp.usdoj.gov/odp

T,I,F Presents training for mitigation 
activities especially associated with
chemical and toxic agents.

Intermediate

Regional FBI Joint Terrorism Task Force (JTTF)
www.fbi.gov/terrorinfo/
counterrorism/partnership.htm

I,C Provides filtered intelligence and 
information regarding potential terrorist
events.

Intermediate

Federal Central Intelligence Agency
www.cia.gov

I For those without security clearance, of-
fers general information associated with
WMD; with security clearance and need-
to-know, furnishes information associ-
ated with potential terrorist activities.

Advanced

http://www.fema.gov
http://www.usamriid.army.mil
http://www.bt.cdc.gov
http://www.fema.gov/fema/statedr.shtm
http://www.mmrs.fema.gov
http://www.hrsa.gov
http://www.ahcpr.gov
http://www.ojp.usdoj.gov/odp
http://www.fbi.gov/terrorinfo/
http://www.cia.gov
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TABLE 27-1  Mitigation Resources for the Medical Response to Terrorism (continued)

Federal/State/
Local

Radiation Emergency Assistance
Center (REAC) 
www.orau.gov/reacts

P,T,I Provides advice on all issues related to
radiation accidents and incidents.

Basic

Federal/State/
Local

Red Cross
www.redcross.org/home

P,I,C Provides disaster education and plan-
ning guidance.

Basic

Federal/State/Local Community Emergency Response
Team Program (CERT)
www.citizencorps.gov/programs

P,T Trained CERT members provide com-
munity training associated with mitiga-
tion programs.

Intermediate

Federal/State/Local Center for Mental Health Services
(CMHS)
www.mentalhealth.org/cmhs/
EmergencyServices/default.asp

P,T Promotes the development of crisis
counseling teams. 

Intermediate

Federal Center for Domestic Preparedness (CDP) 
www.ojp.usdoj.gov/odp/docs/
fs-cdp.htm

P,T Offers specialized training for state and
local responders to incidents of domes-
tic terrorism.

Intermediate

Federal/State/Local Academic Center for Public Health
Preparedness
www.phppo.cdc.gov/owpp/CPHPLoca-
tions.asp

T,I Makes available research and educa-
tional material associated with disaster
mitigation.

Advanced

State/Local Risk Communication Services P,I Can provide mitigation risk communi-
cations, and public awareness materials
and campaign services.

Basic

Activity Codes: P, Planning; T, Training, Education, Exercise; F, Funding; I, Information; R, Response Teams; E, Equipment; C, Coordination.

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

PARTNERSHIPS/
ASSOCIATIONS/

VOLUNTEER
ORGANIZATIONS

ACADEMIA

COMMERCIAL

Federal/State/
Local

Comprehensive Hazmat Emergency
Response-Capability Assessment 
Program (CHER-CAP)
www.fema.gov/library/cher_cap.shtm

P,T,I Identifies deficiencies and recommends
improvements associated with hazmat
risks.

Basic

http://www.fema.gov/library/cher_cap.shtm
http://www.orau.gov/reacts
http://www.redcross.org/home
http://www.citizencorps.gov/programs
http://www.mentalhealth.org/cmhs/
http://www.ojp.usdoj.gov/odp/docs/
http://www.phppo.cdc.gov/owpp/CPHPLoca-tions.asp
http://www.phppo.cdc.gov/owpp/CPHPLoca-tions.asp
http://www.phppo.cdc.gov/owpp/CPHPLoca-tions.asp
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TABLE 27-2  Preparedness Resources for the Medical Response to Terrorism

Federal Federal Emergency Management
Agency (FEMA)
www.fema.gov

P,T,I,C Provides publications for all-hazards
planning, provides direct advice
through federal and regional FEMA
representatives. Source for Federal
Emergency Response Plan.

Basic

Federal The Centers for Disease Control
(CDC)
www.bt.cdc.gov

P,T,I,F Provides literature, publications, and
planning documents focused on the
planning for a biological incident; how-
ever, recent efforts are also focused on
chemical, explosive, and radiological/
nuclear preparations. Specific planning
for mass vaccinations and deployment
of the SNS. CDC will coordinate site
visits and exercises associated with the
SNS and supply funding for bioterror-
ism preparedness, training, and equip-
ment. Sponsor of Forensic Epidemiol-
ogy Course.

Basic

Federal Office of Domestic Preparedness
(ODP)
www.ojp.usdoj.gov/odp

P,T,I,F Provides training, funds for the pur-
chase of equipment, support for the
planning and execution of exercises,
technical assistance and other support
to assist states and local jurisdictions
plan for the response to terrorism.

Basic

State/Local San Mateo Emergency Medical
Services Agency
www.emsa.cahwnet.gov/dms2/heics3.htm

P,T Provides plans and programmatics for
the Hospital Emergency Incident Com-
mand System (HEICS).

Basic

State/Local Offices of Emergency Management
www.fema.gov/fema/statedr.shtm

P,T,I,C Offers varying levels of support and
focus depending upon organization; it
is, however, the focal point for all-haz-
ards preparedness efforts in states and
localities. Provides and defines Emer-
gency Support Functions (ESF) specific
to a state or locality to include ESF #8
Health and Medical Services.

Basic

Local Metropolitan Medical Response
System (MMRS)
www.mmrs.fema.gov

P,R,E,C Develops plans in the MMRS localities
specific to WMD response within their
own jurisdiction and may provide mu-
tual aid to surrounding jurisdictions.

Basic

Federal United States Army Medical Institute
of Infectious Disease (USAMRIID)
www.usamriid.army.mil

T,I Provides educational material and med-
ical training on subjects directly related
to a WMD event.

Basic

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

GOVERNMENT

http://www.fema.gov
http://www.bt.cdc.gov
http://www.ojp.usdoj.gov/odp
http://www.emsa.cahwnet.gov/dms2/heics3.htm
http://www.fema.gov/fema/statedr.shtm
http://www.mmrs.fema.gov
http://www.usamriid.army.mil


TABLE 27-2  Preparedness Resources for the Medical Response to Terrorism (continued)

Federal Health Resources and Services Admin-
istration (HRSA)
www.hrsa.gov

T,F,I Provides planning assistance, confer-
ence, and funding support for planning
and response to terrorist activities

Intermediate

Federal Agency for Healthcare Resources and
Quality (AHRQ)
www.ahcpr.gov

T,I Supplies staffing models for hospital
bioterrorism readiness, conferences on
subjects related to bioterrorism, and
hospital preparedness.

Intermediate

Regional FBI Joint Terrorism Task Force (JTTF)
www.fbi.gov/terrorinfo/
counterrorism/partnership.htm

I,C Distributes information/intelligence as-
sociated with terrorist activities. 

Advanced

Federal/State/
Local

Center for Mental Health Services
(CMHS)
www.mentalhealth.org/cmhs/
EmergencyServices/default.asp

T,I Trains state mental health staff to de-
velop crisis counseling training and
preparedness efforts for mass casualty
incidents.

Basic

Federal/State/
Local

Comprehensive Hazmat Emergency
Response-Capability Assessment Pro-
gram (CHER-CAP)
www.fema.gov/library/cher_cap.shtm

P,T,I Through direct interaction, helps com-
munities to understand hazmat risks,
identify planning deficiencies, update
plans, train first responders, and stimu-
late and test the system for strengths
and needed improvements.

Basic

State/Local Association of State and Territorial
Health Officials (ASTHO)
www.astho.org
National Association of City and
County Health Officials (NACCHO)
www.naccho.org

P,T,I Assists state health agencies to develop
comprehensive, coordinated bioterror-
ism programs and plans through collab-
oration with the CDC, and other local,
state and federal partners.

Intermediate

Federal/State/
Local

Radiation Emergency Assistance
Center (REAC)
www.orau.gov/reacts

P,T,I Provides courses in handling radiation
emergencies and information related to
radiological incidents.

Intermediate

Federal/State/
Local

Red Cross
www.redcross.org/home

P,T,I,C Provides nonmedical disaster planning
assistance in support of all-hazard plan-
ning.

Intermediate

State/Local Hospital, primary care, long-term care
associations

T,I,C Depending on organizational relation-
ships, may provide coordination of
membership and information dissemi-
nation during mass casualty incidents.

Intermediate/
Advanced
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ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

GOVERNMENT

PARTNERSHIPS/
ASSOCIATIONS/

VOLUNTEER
ORGANIZATIONS

http://www.hrsa.gov
http://www.ahcpr.gov
http://www.fbi.gov/terrorinfo/
http://www.mentalhealth.org/cmhs/
http://www.fema.gov/library/cher_cap.shtm
http://www.astho.org
http://www.naccho.org
http://www.orau.gov/reacts
http://www.redcross.org/home


TABLE 27-2  Preparedness Resources for the Medical Response to Terrorism (continued)

Federal/State/
Local

Community Emergency Response
Team (CERT) program
www.citizencorps.gov/
programs/cert.shtm

T,I,C Trains CERT members to give critical
support to first responders, provide im-
mediate assistance to victims, and or-
ganize spontaneous volunteers at a dis-
aster site.

Advanced

State/Local National Voluntary Organizations
Active in Disaster (NVOAD)
www.nvoad.org

P,C Coordinates the efforts of volunteer or-
ganizations responding to disasters in
the planning stages to ensure coopera-
tive efforts during an actual event.

Advanced

Federal Center for Domestic Preparedness
(CDP)
www.ojp.usdoj.gov/odp/docs/
fs-cdp.htm

P,T,I Offers specialized advanced training to
state and local emergency responders in
the management and remediation of in-
cidents of domestic terrorism, espe-
cially those involving chemical agents
and other toxic substances.

Basic

Federal/State/
Local

Academic Center for Public Health
Preparedness (A-CPHP)
www.phppo.cdc.gov/owpp
/CPHPLocations.asp

T,I Provides education and training for
preparing the public health community
for WMD events.

Intermediate

E,C Numerous companies and consulting
services are available for training, plan-
ning, education, and exercise support.

Intermediate
/Advanced

Activity Codes: P, Planning; T, Training, Education, Exercise; F, Funding; I, Information; R, Response Teams; E, Equipment; C, Coordination.
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ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

ACADEMIA

COMMERCIAL

http://www.citizencorps.gov/
http://www.nvoad.org
http://www.ojp.usdoj.gov/odp/docs/
http://www.phppo.cdc.gov/owpp
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TABLE 27-3  Response Resources for the Medical Response to Terrorism

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

GOVERNMENT

Federal Federal Emergency Management
Agency (FEMA)
www.fema.gov

R,E,I,C Provides urban search and rescue
(USAR) teams, mobile telecommunica-
tions, operational support, life support,
and power generation assets for the on-
site management of disaster and all-haz-
ard activities; coordinates federal disas-
ter relief efforts. Linkage to the National
Disaster Medical System (NDMS).

Basic

Federal The Centers for Disease Control
(CDC)
www.bt.cdc.gov

R,E,I,C Distributes SNS to states and localities
with TARU, provides epidemiologic in-
vestigative teams, provides/assists in
epidemiologic and laboratory analysis
of WMD agents, and provides mass
vaccination materials and support.

Basic

State/Local Offices of Emergency Management
www.fema.gov/fema/statedr.shtm

I,C,R,E Directs and coordinates state and local
emergency response efforts, liaise with
federal and regional partners.

Basic

Local Metropolitan Medical Response 
System (MMRS)
www.mmrs.fema.gov

R,E,C Provides response to WMD and hazmat
incidents using MMRS equipment and
trained teams.

Basic

Regional Federal Bureau of Investigation (FBI) 
www.fbi.gov/terrorinfo/
counterrorism/partnership.htm

R,I Conducts criminal investigation of
WMD events, as well as sampling and
entry operations in coordination with
state and local responders. 

Basic

Federal U.S. Marine Corps Chemical Biologi-
cal Incident Response Force (CBIRF) 
www.cbirf.usmc.mil

R,E Provides mass decontamination of
WMD incidents using CBIRF equip-
ment and manpower.

Intermediate

Federal/
Volunteer

Disaster Medical Assistance Teams
(DMAT)
http://teams.fema,gov/dmat/about/
ndms.html/#dmat

R,I,E A component of the NDMS; provides
medical and paramedical professionals
operating as a self-sufficient medical
unit deployable with equipment within
24 hours of notification.

Basic

Federal/
Volunteer

Disaster Mortuary Assistance Teams
(DMORT)
www.dmort.org

R,I,E A component of the NDMS; provides
morgue operations, forensics, record keep-
ing, scene documentation, and coordina-
tion of remains. processing and release.

Basic

PARTNERSHIPS/
ASSOCIATIONS/

VOLUNTEER
ORGANIZATIONS

http://www.fema.gov
http://www.bt.cdc.gov
http://www.fema.gov/fema/statedr.shtm
http://www.mmrs.fema.gov
http://www.fbi.gov/terrorinfo/
http://www.cbirf.usmc.mil
http://teams.fema
http://www.dmort.org
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TABLE 27-3  Response Resources for the Medical Response to Terrorism (continued)

Federal/State/
Local

The Red Cross
www.redcross.org/home

R,I,E Provides nonmedical disaster assistance
to include facilities, supplies, and sup-
port to responders and victims during
incident response.

Basic

State/Local Hospital, primary care, long-term care
associations

C Provides coordination of membership
and information dissemination during
mass casualty incident planning.

Intermediate

State/Local Radio Amateur Civil Emergency 
Services (RACES)
www.races.net

R,E Provide emergency radio message han-
dling on Amateur Radio Service fre-
quencies to include messages between
hospitals, emergency services and shel-
ters and other critical locations.

Basic

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

ORGANIZATIONS

Federal/
Volunteer

Veterinary Medical Assistance Teams
(VMAT)
www.vmat.org

R,I,E A component of the NDMS; provides
veterinarians and veterinary technicians
trained in the treatment, handling, and
care of normal and exotic animals.

Basic

Federal/State/
Local

Radiation Emergency Assistance 
Center (REAC)
www.orau.gov/reacts

I At the REAC, equipped to perform
medical and radiological triage, decont-
amination, diethylenetriaminepen-
taacetic acid (DTPA) chelation therapy,
diagnostic and prognostic assessments
of radiation-induced injuries, and bio-
logical and radiological dose estimates.
Can be used as a remote information
source during disaster response.

Intermediate

Federal/State/
Local

Community Emergency Response
Teams (CERT) program
www.citizencorps.gov/programs/cert.shtm

R,C Provides support to first responders, im-
mediate assistance to victims; organizes
spontaneous volunteers at a disaster site.

Intermediate

State/Local

Federal/State/
Local

The Salvation Army
www.salvationarmyusa.gov

Academic Center for Public Health
Preparedness (A-CPHP)
www.phppo.cdc.gov/owpp
/CPHPLocations.asp

R,E

T,I

Provides mobile feeding of responders
and victims and assists family members
in finding relatives and friends.

Provides education and training for
responding to the public health
community for WMD events.

Intermediate

Intermediate

ACADEMIA

http://www.redcross.org/home
http://www.races.net
http://www.vmat.org
http://www.orau.gov/reacts
http://www.citizencorps.gov/programs/cert.shtm
http://www.salvationarmyusa.gov
http://www.phppo.cdc.gov/owpp
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TABLE 27-3  Response Resources for the Medical Response to Terrorism (continued)

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

COMMERCIAL

E Numerous companies may provide sup-
plies for purchase and, at times, free of
charge. Preplanning with business or-
ganizations is recommended to ensure
appropriate and timely commercial re-
sponse. Planners should contact phar-
maceutical and medical supply compa-
nies in advance to ensure resupply
during a mass casualty incident.

Basic/
Intermediate/
Advanced

Activity Codes: P, Planning; T, Training, Education, Exercise; F, Funding; I, Information; R, Response Teams; E, Equipment; C, Coordination.

TABLE 27-4  Recovery Resources for the Medical Response to Terrorism

Federal Federal Emergency Management
Agency (FEMA)
www.fema.gov

R,E,F,C Provides financial assistance through
the Public Assistance Program a federal
disaster grant assistance program for
the repair, replacement, or restoration
of disaster-damaged, publicly owned
facilities and the facilities of certain
private nonprofit (PNP) organizations.
Linkage to federal recovery assets.

Basic

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

GOVERNMENT

Local Metropolitan Medical Response
System (MMRS)
www.mmrs.fema.gov

R,E,I Provides decontamination and hazmat
cleanup subsequent to a WMD event.

Basic

State/Local Offices of Emergency Management
www.fema.gov/fema/statedr.shtm

R,E,C Directs and coordinates state and local
recovery efforts, liaise with federal and
regional partners.

Basic

Federal/
Volunteer

Disaster Mortuary Assistance Teams
(DMORT)
www.dmort.org

R,I,E A component of the NDMS; provides
morgue operations, forensics, record
keeping, scene documentation and co-
ordination of remains processing and
release.

Basic

PARTNERSHIPS/
ASSOCIATIONS/

VOLUNTEER
ORGANIZATIONS

http://www.fema.gov
http://www.mmrs.fema.gov
http://www.fema.gov/fema/statedr.shtm
http://www.dmort.org


Chapter 27 Resource Access and Utilization 283

TABLE 27-4  Recovery Resources for the Medical Response to Terrorism (continued)

ORGANIZATION AND ACTIVITY
CATEGORY INTERNET ADDRESS CODE ACTIVITY LEVEL

COMMERCIAL

Federal/State/
Local

The Red Cross
www.redcross.org/home

R,E,C Provides nonmedical disaster assistance
to include facilities, supplies and sup-
port to responders and victims during
incident response.

Basic

Federal/State/
Local

Center for Mental Health Services
(CMHS)
www.mentalhealth.org/cmhs/
EmergencyServices/default.asp

R,I Provides trained crisis counseling
teams to assist in the psychosocial con-
sequences of a terrorist or mass casu-
alty event.

Basic

State/Local The Salvation Army
www.salvationarmyusa.gov

R,E,C Provides food and shelter for victims
and assists family members in finding
relatives and friends.

Intermediate

E,F Numerous companies and services are
available to provide supplies for pur-
chase and at times free of charge. Pre-
planning with business organizations is
recommended to ensure appropriate
and timely commercial response.

Basic/
Intermediate/
Advanced

Activity Codes: P, Planning; T, Training, Education, Exercise; F, Funding; I, Information; R, Response Teams; E, Equipment; C, Coordination.

Federal/
Volunteer

Veterinary Medical Assistance Teams
(VMAT)
www.vmat.org

R,I,E A component of the NDMS; provides
veterinarians and veterinary technicians
trained in the treatment, handling and
care of normal and exotic animals.

Basic

COMMERCIAL
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Personal Protective Equipment
Joshua G. Schier and Robert S. Hoffman

INTRODUCTION 

A hazardous substance (HS) may be def ined simply as any
substance that is potentially toxic to li ving systems (1). A
more technical def inition of a HS, as defined by the U.S.
Occupational Safety and Health Administration (OSHA), is
any substance designated or listed under (A) through (D) of
this definition, exposure to which results or may result in
adverse effects on the health or safety of employees:

[A] Any substance defined under section 101(14) of
CERCLA (Comprehensive Environmental Response,
Compensation and Liability Act or CERCLA, also
known as Superfund); [B] Any biologic agent and
other disease causing agent which after release into
the environment and upon exposure, ingestion, in-
halation, or assimilation into any person, either di-
rectly from the environment or indirectly by inges-
tion through food chains, will or may reasonably be
anticipated to cause death, disease, behavioral ab-
normalities, cancer, genetic mutation, physiological
malfunctions (including malfunctions in reproduc-
tion) or physical deformations in such persons or
their offspring. [C] Any substance listed by the U.S.
Department of Transportation as hazardous materi-
als under 49 CFR 172.101 and appendices; and [D]

Hazardous waste (2). Hazardous waste is defined
as: [A] A waste or combination of wastes as defined
in 40 CFR 261.3, or [B] Those substances defined
as hazardous wastes in 49 CFR 171.8 (2).

These criteria are extensively used in the classification of
appropriate personal protecti ve equipment re gulations de-
veloped by OSHA. These standards de veloped by OSHA
can provide guidance for emplo yees who are handling or
controlling a HS release (2). There is no formal interpreta-
tion of the applicability of these guidelines specif ically for
patient decontamination that is health care f acility (HCF)
based (2). See OSHA’s web site at http://osha.gov for access
to and further clarification of these criteria. 

A HS release from a terrorism e vent may be an agent with
the potential for significant lethality such as sarin nerve gas, or
it may be simply an unanticipated byproduct of the e vent itself
such as airborne dirt and debris from a collapsed b uilding (3).
There are a wide variety of potential agents with hazardous ef-
fects that could be released either intentionally or unintention-
ally (as a byproduct of comb ustion or structure collapse) that
further complicates the situation (2). The wide variety of poten-
tial terrorist agents and scenarios in which these agents could
be used substantiates the need for clearly de veloped recom-
mendations and guidelines for personal protection. 

The disregard of appropriate personal protecti ve equipment
(PPE) as well as adequate decontamination procedures (dis-
cussed in Chapter 29) may result in injury or death not only to

Equipment Preparedness
for Terrorism

Section 7

http://osha.gov


the rescuer but also to surrounding persons (4–6). Secondary
contamination of support staff and treating personnel may occur
through physical contact of the patient, the patient’s secretions,
and even sharing the same breathing space (4–6). Furthermore,
the improper utilization of PPE may result in harm to the user as
demonstrated in Israel during the 1991 Gulf War (7). Several re-
ports documenting f atalities were attrib uted at least in part
solely to the use of gas masks (no HS was released) (7,8). Thir-
teen people suffocated to death due to mishandling of gas masks
in one report (7). Three other postoperative patients died after
developing complications related to the use of full-f itting gas
masks during the first missile attack on Israel in 1991 (8).

PPE needs may v ary considerably with the indi vidual ter-
rorist event. Factors in determining appropriate PPE include
time and location of victim encounter by rescue personnel (first
responders vs. emergency department staff), nature of HS (bio-
logical vs. chemical), unexpected hazards (burning PVC pipe
from a fire), and available equipment. Some medical personnel
will require the ability to perform sophisticated procedures
such as endotracheal intubation or establishment of intravenous
access. Certain levels of protection (A, B) may greatly compli-
cate the completion of these tasks and have to be considered in
the overall emergency response plan. This chapter reviews def-
initions of PPE and the current established recommendations
for use in various situations.

PREPAREDNESS ESSENTIALS

A HS must gain entry to the body in order to cause toxicity .
The two major ways chemical agents gain entry to the body is
through the mucosa of the oral and respiratory tracts and by
absorption through the skin (9). Biological agents also may
gain entry through these pathw ays. Although consumption of
HSs in foodstuffs or drinking water is well reported (10) and
may result in toxicity , this pathway is not rele vant for this
chapter. The proximity of pulmonary blood to capillary mem-
branes needed for gas exchange in the lungs provides a unique
opportunity for rapid absorption of an inhaled toxin. As a re-
sult, there is considerable ef fort targeted to protection of the
respiratory tract. Successful protection for medical personnel
responding to a terrorist event depends on a careful assessment
of known and unknown exposure risks and implementation of
an integrated approach to respiratory and dermal protection.

The principles of respiratory protection are f airly simple.
Either people can protect themselves by breathing air from a
source other than the ambient atmosphere (self-contained air
or oxygen supply) or they can breathe the ambient air after it
has passed through some type of f ilter to remo ve the HS.
Both applications are used today in dif ferent situations; how-
ever, the latter has been the more common historical and
practical approach. 

There are numerous obstacles to o vercome when design-
ing masks that provide effective respiratory protection. Some
of the major factors that contribute to tolerability include re-
sistance to breathing, external dead space of the equipment,
and weight of the mask (11,12). Man y nuclear/biological/
chemical (NBC) type masks increase inspiratory resistance
by four to f ive times that of normal (11). Compensatory
changes in increased w ork of respiration include prolonged
inspiratory time, decreased peak inspiratory flo w, and de-

creased minute ventilation (due to reduced tidal v olume, res-
piratory rate, and mildly increased CO 2) (11,12). A gas
mask’s internal v olume (approximately 300 to 500 ml, de-
pending on size) becomes e xternal dead space that increases
inhaled CO2 concentrations (11). Ventilation must therefore
be adjusted to maintain normal PaCO2 (11). The considerable
variation in brain stem responsi veness to ele vated PaCO2,
along with the other mentioned f actors, may interfere with
adequate ventilation (11). Exercise increases demand for oxy-
gen, which may worsen the limiting f actors just mentioned
and further interfere with ventilation (11,12).

Respirators are generally uncomfortable to wear for
many other reasons. Psychophysiological responses com-
monly present as anxiety, respiratory distress, or hyperventi-
lation (11). People with higher baseline amounts of anxiety
have an increased likelihood of psychophysiological effects
(11). This may ultimately result in impaired performance
while wearing the mask or, worse, removal of the mask dur-
ing an actual NBC attack (11). It is also important to reem-
phasize that these psychophysiological responses, the inher-
ent obstacles to appropriate v entilation just mentioned, and
increased levels of stress and anxiety (i.e., during a chemi-
cal attack drill) may be syner gistic in their ef fects to cause
harm to the patient while wearing the mask (7,8). Although
there are inherent problems with respiratory protecti ve de-
vices (RPDs), they may indeed be lifesaving if utilized cor-
rectly in an appropriate situation.

Respirators are broadly classified into two different cate-
gories. An air-purifying respirator remo ves contaminants
from the surrounding air (13). An atmosphere-supplying res-
pirator (ASR) pro vides air from a completely dif ferent
source other than from the surrounding atmosphere (13).
Further classification is possible based on the type of adhe-
sion to the face or type of alternate air source (if not from the
surrounding air) (11). The covering that serves as a barrier to
the surrounding atmosphere and serv es as a frame work to
which air-purifying components can be attached co vers the
respiratory inlet (13). These coverings can be either tight-or
loose-fitting barriers (13). Tight-fitting coverings (or f ace
pieces) are generally made of a fle xible substance such as
neoprene, rubber, or silicone (13). The elastic material mak-
ing up the bulk of many of these coverings is generally made
of butyl rubber because silicone rubber and perfluorocarbon
rubber is either permeable or fragile (9). F ace-pieces com-
monly cover the mouth and nose only (quarter mask), cover
the nose and entire chin (half mask), or cover from the hair-
line to belo w the chin (full f ace-piece) (13) (Fig. 28-1).
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Full Mask Face-Piece Half Mask Face-Piece Quarter Face-Piece

Figure 28–1. Types of Tight-Fitting Respirators by Face-Piece.
Adapted from: Bollinger NJ, Schultz RH. NIOSH guide to indus-
trial respiratory protection. National Institute of Occupational
Safety and Health. Washington DC, September 1, 1987 Publica-
tion No. 87-116. Web site: http://www.cdc.gov/niosh/87-116.html.
Accessed October 22, 2003.

http://www.cdc.gov/niosh/87-116.html


Loose-fitting coverings include a wide variety of protective
materials including hoods, helmets, suits, and blouses (13).
A hood is a lightweight product that co vers only the head,
neck, and shoulders (13). A helmet generally refers to a
hood with some sort of f irm headgear attached (13). A
blouse covers the torso down to the waist (13). 

Air-purifying respirators can be broadly classif ied into
particulate filtering, vapor and gas remo ving, and powered
or nonpowered. Particulate filtering respirators generally
use a fibrous material to trap the particles desired (13). The
efficacy for a certain type of particulate mask depends on
both particle and mask f iber velocity, composition, shape,
electrical charge, and size (12). These masks are generally
used for dusts, fumes, and mists (13). Man y types are also
effective at blocking transmission of respiratory droplets
containing biological agents such as the virus that causes se-
vere acute respiratory syndrome (SARS) and the mycobac-
terium that causes tuberculosis (14).

The removal of a HS by vapor- and gas-removing masks
occurs by a filter container inserted into these masks. Elimi-
nation from inspired air occurs inside the filter container by
inactivation through reaction by chemicals inside the f ilter.
For example, the “hypo helmet” of 1915 removed chlorine
through a reaction with sodium thiosulf ate inside the f ilter
(9), adsorption to some substance such as acti vated char-
coal, absorption to another specif ic material, catalysis, or a
combination of methods (9,13). Adsorption refers to the
ability of the f ilter material (commonly referred to as the
sorbent) to attract and hold the agent through physical and
chemical attraction (13). Ef fective sorbents have large sur-
face areas to enhance adsorption (up to 1,500 m 2/g) (13).
Activated charcoal is one of the most commonly used sor-
bents (9,13). Activated charcoal can also be impre gnated
with certain chemicals such as chromium and silv er salts or
copper oxide (9,13). This can increase the protection af-
forded by these masks through enhanced selecti ve binding
of a specific toxin (9,13). Catalysis refers to the utilization
of a chemical to influence a chemical reaction. An example
is the use of manganese oxide in a f ilter cartridge to speed
the reaction between carbon monoxide and oxygen to mak e
carbon dioxide (13). Absorption is similar to adsorption, ex-
cept that it occurs much f aster, absorbents tend to ha ve
smaller surface areas, and molecular space penetration is
deeper (13). The modern C2A1 filter canister uses a pleated
white filter (for aerosol remo val), a layer of ASZ (impreg-
nated with zinc) charcoal, and then a f inal filter to remove
charcoal dust before allowing filtered air to exit the canister
and be inhaled into the lungs (9). Protecti ve masks all em-
ploy a f ilter layer that does not allo w passage of particles
and aerosols with a size greater than 3 micrometers (9). The
effectiveness of all of these cartridges are commonly tar-
geted toward specific types of agents such as organic vapors
or acid gases and therefore the y cannot al ways be safely
used interchangeably (13). 

These filters themselves can be inside canisters or car-
tridges. The major difference between the two is only due to
sorbent volume (and subsequently greater adsorptive capac-
ity). Canisters have greater volume and are often used with
full face-piece coverings, commonly known as gas masks
(13). Cartridges are smaller, have less sorbent, and are usu-
ally used on quarter , half, as well as full f ace-piece cover-
ings (13). They are referred to as chemical cartridge respira-

tors (CCRs) (13). Cartridges and canisters may protect
against particulates as well (13).

Gas masks and CCRs can be po wered or nonpowered.
The term generally refers to a device that forces ambient air
through the filtering device (13). Advantages of this device
include cooling of the f acial skin and decreased w ork of
breathing. Disadvantages include the need for an electrical
power source and potentially shorter life of the f ilter (be-
cause normal airflo w through a nonpo wered filter is only
during inspiration) (13). 

Atmosphere-supplying respirators (ASRs) can be classi-
fied into two major groups: self-contained breathing appara-
tus (SCBA) and supplied-air respirators (SARs). Each has its
own unique set of adv antages and disadvantages from each
other as well as from the air -purifying respirators (APRs)
category. Atmosphere-supplying respirators provide air from
a source other than the ambient atmosphere. SCB A has the
advantage of allowing increased mobility because the wearer
carries a container of stored air with them. SCB A systems
can be closed circuit or open circuit. A closed-circuit system
utilizes 100% oxygen in a breathing bag. Oxygen is inhaled
from the breathing bag through a one-w ay valve into the
lungs. Exhalation occurs through a one-way valve, the oxygen/
carbon dioxide mixture passes through a carbon dioxide
scrubber that removes the carbon dioxide, and the oxygen re-
turns to the breathing bag to be inhaled again. As oxygen is
metabolized, additional oxygen is added to the breathing bag
from a compressed oxygen source.

An open-circuit system is one where compressed air is
inhaled through a regulator and the exhaled air is discharged
into the ambient atmosphere (13). Open-circuit systems
may be “demand” or “pressure demand,” and these terms
generally refer to the negative- or positive-pressure environ-
ment inside the suit and the re gulator piece (13). Demand-
type mechanisms utilize an admission valve that only opens
and supplies breathing air during inhalation (13). During ex-
halation, the valve closes (13). This system tends to create
more of a negative-pressure system and is probably only as
effective as many APRs (depending on the face-piece) (13).
This characteristic mak es these systems inappropriate for
environments that are immediately dangerous to life and
health (IDLH) (13). Pressure-demand systems utilize a sim-
ilar system with the e xception of a spring, which tends to
hold the admission v alve partially open at most times
thereby providing a tendency toward a positive-pressure en-
vironment (13). Closed-circuit systems ha ve longer use
times, typically from 1 to 4 hours, whereas open-circuit sys-
tems have much lar ger workloads and subsequently less
service time (30 to 60 minutes) (13). 

Supplied air respirators generally come in tw o major
types: air-line respirators and hose masks. In an air-line res-
pirator, compressed air is deli vered through a hose under
pressure from some e xternal and generally stationary
source. These respirators can be demand, pressure-demand,
or continuous (airflo w is controlled by a control v alve or
separate opening rather than a regulator valve). Hose masks
receive their air supply by hose directly to the mask’s respi-
ratory opening and may or may not have a blower (13). 

Combinations of dif ferent types of protecti ve mecha-
nisms are possible as well. Supplied-air/air -purifying respi-
rators allow greater mobility than supplied-air respirators
alone but carry the disadvantage of less protection when not
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connected to a supplied-air source (13). A combination sup-
plied-air-SCBA respirator can be used in an IDLH atmos-
phere, assuming there is both a primary and auxiliary air
source in case of f ailure of one (13). These systems prima-
rily use the supplied-air source f irst, only relying on the
SCBA system in case of emergency or air-line failure (13).

There are numerous adv antages and disadv antages to
each of the systems. Air-line respirators can be used for long
periods of time and generally are more comfortable to the
wearer (13). However, mobility is severely restricted by the
length of the connecting air hose, and oxygen supply de-
pends on uninterrupted airflow through the hose (13). Hose
masks may also be used for long periods, are easy to use,
and relatively inexpensive but have the same limitations
when it comes to breathable air being supplied by a long
hose (13). Furthermore, these masks are generally not certi-
fied for use in IDLH environments (13). SCBA systems are
expensive to purchase and maintain, extremely bulky, re-
quire more training for effective functioning, and have rela-
tively short amounts of service time before needing resup-
ply. They do, however, afford significantly more protection
than most other types because they are closed systems.

Other design characteristics of man y of today’s respira-
tors intended for chemicals and poisonous gases come
mainly from World War I inno vations (9). These design
characteristics include pre venting exhaled air (with w ater
vapor) from fogging lenses, separate one-way inlet and out-
let valves (to minimize respiratory effort), and a movable di-
aphragm (to allow voice communication) (9). Most modern
gas masks have a smaller, second mask referred to as a nose
cup, which is an individual unit that requires indi vidual in-
sertion (9,11). It lies between the main mask and the
wearer’s midface (9,11) and has tw o major functions: It
minimizes dead space ventilation and provides further pro-
tection against potential hazardous substances (9,11).

Dermal protection is the second vital component of pro-
tection for medical personnel responding to victims of a ter-
rorist attack. There are two major design types of chemical
protective clothing that will protect the wearer against NBC
warfare. The first type is a uniform that is impermeable to
most if not all molecules. Very few materials possess these
abilities, with butyl rubber or certain types of plastics being
exceptions (9). The protective impenetrability qualities of
these suits are at the cost of pre venting water vapor and air
passage, which results in an unacceptable loss of inherent
body-cooling ability (9). The alternative design is to use fab-
rics that are permeable to molecules b ut pretreated with cer-
tain protective chemicals (9). These treated fabrics can trap
most harmful molecules (9). An example is the battle dress
overgarment, utilized by the U.S. military , which is protec-
tive against chemical agent v apors, liquid droplets, biologi-
cal agents, toxins, and radioactive alpha and beta particles
but not against x and gamma radiation (9). Vinyl overboots
are used to protect soldiers’ combat boots against harmful
agents (9). Gloves are the last component of a uniform and
may severely interfere with tactile ability and agility (9).

There is currently a wide v ariety of commercially avail-
able protective equipment, each of which has detailed infor-
mation on protective capability against certain agents. This
equipment is not without inherent hazards of usage. Gener-
ally, full chemical protective gear (suit, mask, boots, gloves,
etc.) predisposes the wearer to dehydration and o verheating

(9). A full uniform can also add 9 to 14 pounds of additional
weight (9). These suits can trigger numerous biopsychologi-
cal responses, such as anxiety, dizziness, confusion, muscle
cramps, and shortness of breath as well as real heat-related
responses (15,16). Maintenance of adequate hydration sta-
tus before suit utilization as well as after is e xtremely im-
portant. These uniforms are designed for soldiers entering
into a battlefield environment where large releases of agents
probably have occurred or for w orkers responding to lar ge
industrial releases of kno wn toxins. The degree of protec-
tion afforded by these clothes will probably not be w ar-
ranted for medical personnel responding to a terrorism event
or hospital-based health care personnel treating victims of
such an event after transport.

The degree of dermal protection will also vary depending
on the individual wearer’s role in the terrorist response. A
first responder entering a confined space where an unknown
but deadly agent w as released will be required to wear a
high level of protection. In this situation, level A would
probably be the most appropriate protection. Medical per-
sonnel distant from the site of release, however, will only be
exposed to an agent that is on or in the patient and his or her
clothes (17–19). The concentration of agent will therefore
be diluted in amount and potency (17–19). When these facts
are taken into consideration, the same le vel of protection
worn by the f irst responder may not necessarily be needed
for all other health care workers (HCWs). 

The protective ability of chemical-resistant clothing is
usually measured by permeation rates of the agent after di-
rect application to the fabric (17,19). This situation is proba-
bly not applicable to the HCW for the dilution and limited
contact factors mentioned previously (17,19). This suggests
that a lesser de gree of protection is needed and therefore
less costly materials may be adequate. A wide v ariety of
commercially available protective clothing is available with
a similar variety in cost (17,20).

Appropriate PPE for medical personnel will v ary de-
pending on when the victim encounters the health care sys-
tem. Ideally, decontamination of patients should be done
outside the hospital, preferably close to the scene (b ut at a
safe distance from the e vent). Afterward, patients can be
transported by emergency medical personnel to hospitals for
further treatment. Unfortunately, transportation of patients
to medical facilities does not always happen in this manner.
Several events in recent history have illustrated very clearly
that a significant number of patients may present directly to
a HCF without any prior decontamination or treatment (21).
Secondary contamination of treating medical personnel may
also occur when inappropriate or no PPE is utilized by
HCWs (22). These affected HCWs, now patients, may further
worsen the situation by consumption of additional resources
and depletion of the available skilled workforce (22). These
events are discussed in further detail to help illustrate se v-
eral important principles in personal protection in the sec-
tion “Preparedness Historic Event and Case History.”

PPE for personnel responding to a hazardous substance
release is classified into four basic cate gories (Table 28-1).
Level A protection is designed to maximize respiratory, eye,
and skin protection. It includes a National Institute of Occu-
pational Safety and Health (NIOSH) appro ved positive-
pressure full face-piece self-contained breathing apparatus
(SCBA) or positi ve-pressure SAR with escape SCB A
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TABLE 28-1  NIOSH Guidelines for Personal Protection

Level A 1. NIOSH-approved positive pressure full-face-piece
SCBA* or positive-pressure SAR† with escape
SCBA*

2. Encapsulating chemical-protective suit
3. Chemical-resistant inner and outer gloves
4. Steel-toe chemical-resistant boots
5. Additional outer disposable suit, gloves, and boots 
††Optional: Coveralls, long underwear, and a hard hat 

LEVEL OF
PROTECTION INCLUDES SCENARIO

Level B

1. Agent is known and ambient concentrations known
to be significant

2. Agent is known and normal work functions carry a
significant exposure risk (splash, immersion, spray,
volatilization) to an agent that can be absorbed
transdermally 

3. Agent is a known or suspected significant hazard 
to the skin

4. Surrounding conditions necessitating level A 
protection are not excluded 

1. NIOSH-approved positive-pressure, full-face-piece
SCBA* or positive-pressure SAR† with escape
SCBA*

2. Hooded chemical-resistant clothing (overalls and
long-sleeved jacket, coveralls, one- or two-piece
chemical-splash suit; disposable chemical-resistant
overalls)

3. Chemical-resistant inner and outer gloves
4. Steel-toe and steel-shank chemical-resistant boots.
††Optional: A hard hat, face shield, and exterior

chemical-resistant disposable boot covers

1. Agent is known and requires significant respiratory
protection but less skin protection 

2. Atmosphere contains less than 19.5 % oxygen
3. Vapors or gases incompletely identified, but dermal

hazards or significant transdermal absorption 
potential not suspected 

Level C 1. Full-face or half-mask APR§

2. Hooded chemical-resistant clothing (examples are
overalls; two-piece chemical-splash suit; dispos-
able chemical-resistant overalls)

3. Chemical-resistant inner and outer gloves 
††Optional: Coveralls, steel-toe and steel-shank 
chemical-resistant boots, chemical-resistant disposable
boot covers, hard hat, escape mask, and face shield

Level D

1. Skin contact with identified agent(s) is non-
hazardous and significant transdermal absorption
does not occur

2. Agent type and ambient concentration are known
to be completely removed by an APR§

3. Criteria for use of an APR§ present

1. Coveralls along with steel-toe and steel-shank
chemical-resistant boots

††Optional: safety goggles, disposable chemical-
resistant boot covers, face shield, hard hat, escape
mask, and gloves

1. No known hazard 
2. Potential exposure to hazardous substances only

occurs outside of normal work activities

*Self contained breathing apparatus
†Supplied air respirator
††Usage of the optional items may be needed depending on the specific situation
§Air-purifying respirator

(23,24). A completely encapsulating chemical-protecti ve
suit, chemical-resistant inner and outer glo ves, steel-toe
chemical-resistant boots, and an outer additional dispos-
able suit, gloves, and boots are part of the required uni-
form (23,24). Coveralls, long underwear, and a hard hat
are optional items to be used if applicable (23,24). Le vel
A protection is required by OSHA when certain en viron-
mental conditions are present. These include the follo w-
ing conditions: (a) the agent is identif ied and the highest
protection is required for protection based on ambient

concentrations of implicated v apors, gases, or particulate
matter or when normal w ork functions carry a signif icant
exposure risk (splash, immersion, spray, volatilization) to
an agent that can be absorbed transdermally; (b) sub-
stances that are a kno wn or suspected signif icant hazard
to the skin; or (c) surrounding conditions necessitating
level A protection ha ve not been e xcluded and are in
poorly ventilated or confined areas (23).

Level B protection includes maximum respiratory pre-
cautions while including lesser de grees of protection for



Chapter 28 Personal Protective Equipment 289

TABLE 28-2  Preparedness Checklist Table and Summary

Pre-event planning 1. Identify health care worker (HCW) groups likely to be on the front line and requiring PPE 
(first responders, emergency department personnel, decontamination teams, security, etc.)

2. Perform a risk-based assessment analysis for each of these groups’ PPE needs
3. Examine existing supplies of PPE readily available (interhospital or interagency agreements should be 

established in the case of overwhelming demand)
4. Perform a regular review of available literature and recommendations to make revisions as necessary
5. Establish regular personnel training, such as fit testing and practice drills to increase efficiency and familiarity
6. Establish an emergency contact system to alert team members to report to assigned stations

CRISIS PHASE CRITICAL ITEMS

Management 1. Alternate personnel to relieve first-line HCW to avoid fatigue-related errors
2. Contact poison control centers and local/state health agencies to share information
3. Early activation of preestablished interhospital or interagency sharing agreements in case of rapid 

depletion of existing PPE stores

the skin. Uniform requirements include a NIOSH-ap-
proved positive-pressure, full face piece SCBA, or posi-
tive-pressure SAR with escape SCB A, hooded chemical-
resistant clothing (o veralls and long-slee ved jacket,
coveralls, one- or two-piece chemical-splash suit, dispos-
able chemical-resistant overalls), chemical-resistant inner
and outer glo ves along with steel-toe and steel-shank
chemical-resistant boots (23,24). A hard hat, face shield,
and exterior chemical-resistant disposable boot covers are
optional depending on the situation (23,24). Le vel B pro-
tection is required during the follo wing conditions: (a) a
hazardous substance is identified (type and concentration)
and is known to require signif icant respiratory protection
and less skin protection; (b) the atmosphere contains less
than 19.5% oxygen; and (c) v apors or gases are present
(incomplete identification only) but are not suspected to
be harmful to the skin or ha ve significant transdermal ab-
sorption potential (23). These conditions generally in-
volve agents with significant risk via inhalation pathways
but not through skin, which are not adequately protected
against through use of APRs (23). The surrounding envi-
ronment is usually one that is IDLH (23).

When the type of agent as well as the ambient agent con-
centration is known, level C protection is usually adequate,
which still includes signif icant respiratory protection, usu-
ally in the form of an APR (23,24). Uniform requirements
include a full-face or half-mask APR, hooded chemical-re-
sistant clothing (examples are overalls, two-piece chemical-
splash suit, disposable chemical-resistant o veralls), and
chemical-resistant inner and outer gloves (23,24). Optional
items that may also be used, depending on the situation, are
coveralls, steel-toe and steel-shank chemical-resistant
boots, chemical-resistant disposable boot co vers, hard hat,
and escape mask and f ace shield (23,24). Le vel C PPE is
adequate for the follo wing conditions: (a) if skin contact
with the particular identified agent(s) is known to not result
in harmful effects and if transdermal absorption is kno wn

to be insignificant; (b) if the type and concentration of the
involved substances are kno wn to be completely remo ved
by an APR; or (c) if criteria for use of an APR is met (23).

Level D protection is generally understood to be con-
sistent with an e veryday work uniform. It may include a
variety of components but is not designed to offer any sig-
nificant protection. It should include, at the minimum,
coveralls along with steel-toe and steel-shank chemical-
resistant boots (23,24). Other optional items that can be
employed include safety goggles, disposable chemical-re-
sistant boot co vers, face shield, hard hat, escape mask,
and gloves (23,24). Le vel D PPE should be used when
there is no kno wn hazard or if an y potential exposure to
hazardous substances only occurs outside of normal work
activities (23).

Advantages and disadvantages of the various levels of
PPE are relati vely obvious. When compared to le vels C
and D, levels A and B PPE tend to be more expensive, are
bulkier to work in, require more training, are tolerated for
shorter periods of time, and are more e xpensive (both to
purchase and to maintain) (24). The decision to employ a
level of protection will depend on the individual scenario.
The PPE guidelines mentioned previously are for respon-
ders to HS releases (2). These guidelines generally apply
to those involved in management and control of the HS
release (2). OSHA has further clarified the issue by defin-
ing an emergency response as “a response ef fort by em-
ployees from outside the immediate release area or by
other designated responders (i.e., mutual aid groups, local
fire departments, etc.) to an occurrence which results, or
is likely to result, in an uncontrolled release of a haz-
ardous substance” (2). These guidelines apply to “emer-
gency response operations for releases of, or substantial
threats of releases of, hazardous substances without re-
gard to the location of the hazard” (2). 

These guidelines do not necessarily, nor directly, extrap-
olate to health care f acility (HCF) decontamination teams

Recovery 1. Establishment of postevent workgroups consisting of representatives from each area to discuss problems 
encountered and future PPE needs



(assuming the point of release is not at the HCF) or to
health professionals caring for exposed patients at the HCF.
This is due to se veral reasons including distance between
the point of release and the HCF as well as dif ferent expo-
sure risks (contact with a patient rather than direct contain-
ment, confinement, and control activities) (17,18). There is
a high likelihood of patients presenting to a HCF directly
without prior decontamination or medical personnel e valu-
ation and stabilization (21,24). The HCF must be prepared
to receive and treat these patients adequately , which might
include decontamination if appropriate (T able 28-2). The
question of how to approach these patients has been a con-
troversial one. In the past, OSHA guidelines have been in-
terpreted to necessitate le vel B PPE for hospital-based de-
contamination teams (25). Some f acilities have established
decontamination teams equipped with level B PPE based on
individual community hazards necessitating a higher le vel
of protection (24). A growing body of e vidence supports
level C PPE as being adequate for HCF decontamination
teams as long as the point of release is not at the HCF itself
(17,18,24,26,27). Air-purifying respirators should contain
filters effective against organic vapors at a minimum as well
as contain a high-ef ficiency particulate air (HEP A) filter
cartridge (24). Availability of additional types of f ilters,
such as acid gas f ilters for chlorine, as well as others, will
offer greater flexibility in dealing with HSs (24).

NIOSH has recognized the unique problems f acing first
responders in de veloping effective respiratory protection
for a situation when dealing with an unkno wn agent. They
have instituted programs to test SCB A of v arious makes
and models to ensure protection against all possible chemi-
cal, biological, radiological, and nuclear (CBRN) agents
(28). The first approved respirators for f irst responder use
against CBRN agents were posted on their web site in June
2002 (29). Models appro ved include Spiromatic Models
9030, 6630, and 4530 manuf actured by Interspiro USA
(29). This approval means that these masks should be e x-
pected to provide protection against CBRN e xposures for
firefighters and other responders to such an e vent (29). In-
terim recommendations for the selection and use of protec-
tive clothing and respirators against biological agents ha ve
been developed and are also available at their web site (30).
These recommendations include using a NIOSH-approved,
pressure-demand SCBA with level A dermal protection if
certain information is unkno wn or if the e vent is uncon-
trolled (30). These situations include type of airborne
agent(s) and dissemination method, if dissemination via an
aerosol-generating device is still occurring or if it has
stopped but there is no information on exposure concentra-
tions or time interval of dissemination (30). A NIOSH-ap-
proved pressure–demand SCBA with level B dermal pro-
tection may be used if the suspected bioaerosol is no longer
being produced or if other coe xistent concentrations pres-
ent a splash hazard (30). If an aerosol-generating de vice
was not utilized to induce a high airborne concentration or
dissemination was through a device such as a letter or pack-
age that can easily be contained, a full face-piece respirator
with a P100 filter or powered APR with a HEPA filter can
be used, assuming proper f it-testing has been performed
(30). The reader is encouraged to check back frequently
with OSHA’s and NIOSH’s web sites for the most current
information. 

PREPAREDNESS HISTORIC EVENTS 
AND CASE HISTORIES

In 1995 a Japanese cult named Aum Shrinyoko released
dilute sarin nerve gas in the Tokyo subway system (21).
Fortunately there were very few fatalities; however, sev-
eral important lessons were learned from this event. The
majority of persons (361 people, or >70% of total peo-
ple) presenting after these attacks arrived at the hospital
by foot, taxi, or through transport by a passing Good
Samaritan (21). These people had not received any med-
ical treatment at the scene, nor had the y received any
form of e valuation by skilled medical personnel. Per-
haps most importantly , they had not under gone any
form of decontamination or an e valuation to determine
if decontamination was even needed. The normal emer-
gency medical response, which should have included all
of these steps follo wed by a controlled transport of
these patients to a HCF , did not occur . The lesson
learned from this experience is that HCFs can expect to
receive a signif icant number of patients arri ving by
means other than emergency medical response systems.
Hospitals also need to plan for primary e valuation and
decontamination of lar ge numbers of patients at the
HCF itself.

Secondary contamination of other people, but per-
haps more importantly responding medical personnel, is
therefore a real concern. This problem w as also illus-
trated in the Tokyo sarin attacks in the recei ving hospi-
tal (22). More than 200 HCWs de veloped various signs
and/or symptoms after contact with victims (22). Al-
though hospital staff used gloves and masks, no chemi-
cal-resistant clothing w as available (22). F ortunately,
none of the affected HCWs developed serious illness or
even required treatment; ho wever, the potential for a
worse outcome existed (22).

In 2000 a series of nosocomial poisonings in HCWs
occurred in Geor gia after se veral HCWs became sec-
ondarily contaminated by an or ganophosphorous (OP)
compound after being exposed to a patient who had in-
gested the compound in a suicidal gesture (4). Three
hospital staff members became ill with OP poisoning
after being exposed to this patient in different ways (4).
The patient did not recei ve adequate decontamination
and was placed in a small, poorly ventilated hospital
room (4). Health care w orkers did not wear adequate PPE,
and all manifested signs and symptoms consistent with OP
poisoning (4). The first HCW came into direct contact with
patient secretions and required mechanical v entilation and
antidotal therapy (4). The second and third HCWs shared
the same breathing space as the patient, one of whom re-
quired antidotal therap y and the third required supporti ve
care and observation only (4). 

The World Trade Center (WTC) attacks of 2001
demonstrated that not all terrorist e vents require expen-
sive high-level PPE. The collapse of the WTC towers re-
sulted in significant airborne concentrations of dirt, dust,
and other particulate matter. Although no exotic biologi-
cal or chemical agent was used, there still was a need for
basic respiratory protection against airborne debris (3).
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RESOURCES

Although the basic principles of dermal and respiratory pro-
tection remain the same, current information and guidelines
for appropriate PPE to protect against CRBN agents are con-
stantly being revised and improved with the de velopment of
new products. Use this chapter as a reference for utilizing or
developing appropriate PPE guidelines but also check the cur-
rent literature for the most up-to-date changes and additions. 

The OSHA and the NIOSH web sites maintain up-to-
date information on recommendations and guidelines for
PPE: http://www.osha.gov and http://www .cdc.gov/niosh.
NIOSH’s review process for approved respiratory protection
equipment against CRBN agents is ongoing. Check back
frequently for additions to the site as well as modif ications
to existing regulations. 

An area of interest within NIOSH that may pro vide ad-
ditional information is the National Personal Protecti ve
Technology Laboratory. Its web site is found within the
general NIOSH web site at http://www .cdc.gov/niosh/
npptl/default/html.

A comprehensive text on the military aspects of PPE is
the Textbook of Military Medicine: Medical Aspects of
Chemical and Biological Warfare. The chapter on chemical
defense equipment provides a thorough discussion on mili-

tary-grade PPE for the battlefield but also presents a history
of the development of PPE over the last century. This text is
available online at http://www.vnh.org/MedAspChemBioWar
/index.html.

Additionally, NIOSH has prepared a document discussing
the different classifications of respirators along with detailed
information about certain modif ications on these dif ferent
types. This document can be found on their web site at
http://www.cdc.gov/niosh/87-116.html.
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INTRODUCTION

A terrorist attack with chemical, biological, or radiological
hazards may produce a number of contaminated victims.
Many of these may arri ve at the hospital within minutes of
the event. In a multiple casualty situation, vehicles of oppor-
tunity, such as police cars, taxicabs, and private autos will
transport the majority of casualties. Most of these will not
be decontaminated prior to arri val (1). Despite this, most
hospitals have not yet implemented adequate plans to de-
contaminate victims of a large-scale incident (2–7).

Since the dose of toxic substances influences the magni-
tude of the health ef fects, and since dose is a function of
both concentration and time, hospital staff should act to de-
contaminate victims quickly. The decontamination process
must not allow any contaminated individual into the hospi-
tal. That could lead to contamination of the building and ex-
posure and possible harm to the hospital staff. Symptomatic
staff would not be able to perform their duties and w ould
add to the total number of victims needing treatment. Fur-
thermore, a contaminated hospital may require e xtensive
and costly decontamination.

Many different scenarios may result in contaminated pa-
tients arriving at the hospital. Rather than de veloping one
plan for industrial chemicals, another for terrorist use of
chemical weapons, another for a radiological incident, and
yet another for biological w arfare agents, hospitals should
adopt an all-hazards approach to medical decontamination.
This is important because the predictability , length of fore-
warning, onset, magnitude, scope, and duration will v ary
from one incident to the ne xt. An all-hazards approach
makes effective use of time, effort, money, and other re-
sources. Furthermore, it helps a void duplication of ef fort
and gaps in disaster response (8). 

As hospitals create an all-hazards plan for decontamina-
tion, they should k eep three objecti ves in mind. First, they
must not allow any contaminated patients to enter the interior
of the hospital. Second, they should decontaminate patients as
rapidly as possible. Third, they must plan to protect the hospi-
tal decontamination team from secondary exposure and injury.

PREPAREDNESS ESSENTIALS

All hospitals, regardless of size, should plan for pro viding
medical decontamination. Given the widespread presence of
hazardous substances and the unexpected nature of terrorist
attacks, every hospital is at risk to receive contaminated pa-
tients. The ability to pro vide decontamination is required
under national standards and federal law.

One such standard comes from the National Fire Protection
Administration (NFPA). Because hospitals ha ve such a vital
role in the local response to incidents in volving hazardous
substances, the NFPA standards require medical f acilities to
have the ability to perform decontamination. These standards
clarify the minimum level of competency required. Hospitals
must have a decontamination area with proper ventilation, and
plans for restricting access and containing runof f. These stan-
dards also require hospitals to pro vide trained, in-house per-
sonnel to decontaminate and care for af fected patients. Per-
sonal protective clothing must be readily available (9).

Recent revisions to the Joint Commission for Accredita-
tion of Healthcare Or ganizations (JCAHO) standards also
address the need for an all-hazards approach to decontami-
nation. JCAHO element of performance 21 from Standard
EC.4.10 requires that each hospital’ s emergency manage-
ment plan “identifies means for radioactive, biological, and
chemical isolation and decontamination” (10).

Most importantly, the Occupational Safety and Health
Administration (OSHA) Hazardous Waste and Emergency
Response (HAZWOPER) standard requires hospitals to
train workers to perform their anticipated job duties without
endangering themselves or others. Federal la w does not
allow hospitals to deny emergency treatment to anyone who
comes to the hospital (11). Thus, all hospitals must be able
to care for an y contaminated patient who arri ves with an
emergency medical condition. This requires them to ha ve
plans and a trained decontamination team a vailable. It does
not require them to train to the same level as hazardous ma-
terials teams. Rather, they are required to train decontami-
nation staff to the “f irst responder operations le vel,” with
emphasis on the use of personal protective equipment (PPE)



and decontamination procedures (12a). In addition to the
personnel trained to the operations le vel, those employees
who are likely to witness or discover a hazardous substance
release or incident should be trained to the “a wareness
level”. Additionally, “skilled support personnel” are defined
as personnel who are not part of the decontamination or re-
sponse team but have special skills that are emer gently re-
quired in the contaminated area. Examples of these persons
could be security personnel, specialty physician consultants,
and respiratory therapists. Skilled support personnel do not
require training in adv ance of an incident. They must be
provided with a preentry brief ing and be assisted with don-
ning and dof fing their PPE. An on-scene incident com-
mander or decontamination team leader should be on site to
coordinate the activities of casualty decontamination. This
individual requires additional training be yond the opera-
tions level and does not need to be present for decontamina-
tion to begin (12b,12c). 

ORGANIZE

Local Coordination
One of the key elements in organizing for medical deconta-
mination is to ensure that the hospital is acti ve in planning
for the local response to terrorism and other disasters. Hos-
pitals should be equal partners with local go vernment, fire,
police, and EMS providers. Communication plans must ex-
plicitly describe the process for tw o-way communication
with the local government during the response to a terrorist
attack. Rapid alerting after an incident and frequent status
updates are vital to a successful operation.

An important forum for coordination of response plans is
the Local Emergency Planning Committee (LEPC). Federal
statutes require the designation of LEPCs. The U.S. Envi-
ronmental Protection Agency’s Chemical Emer gency Pre-
paredness and Pre vention Office (CEPPO) coordinates
them. Hospitals should play an acti ve role in their LEPC.
Plans and exercises should be coordinated through them to
allow all parties to gain a mutual understanding of each
other’s capabilities and limitations (13).

Incident Command
The medical decontamination area will be or ganized and
controlled as an extension of the Hospital Emer gency Inci-
dent Command System (HEICS) (14). A medical Deconta-
mination Group supervisor provides overall direction to the
Decontamination Group; this indi vidual is also termed the
on-scene incident commander or decontamination team
leader by OSHA (15). This individual appoints unit leaders
to the various functions within the medical decontamination
area. Following the principles of HEICS, each individual
should have a job action sheet that gives simple instructions
on how to carry out assigned responsibilities.

Set-up
Since patients may arrive with only a very brief warning, the
Decontamination Group must be able to set up its work area
quickly. This requires regular training. The team should es-
tablish the decontamination area near an entrance to the

hospital. There should be some consideration for protecting
patient privacy, such as screens or tents. 

Initial Reception Area
Patients coming to the medical decontamination area will first
encounter the initial reception area. The unit leader in this area
is responsible to determine which individuals require deconta-
mination, to set decontamination priorities, and to determine
the mode of decontamination. This unit leader directs those
who can walk independently to a supervised self-decontami-
nation process. Others will require assisted decontamination.
It is essential that medical personnel with training in the recog-
nition of clinical toxidromes be located at the initial reception
area. These trained providers along with the on-scene incident
commander and hazmat personnel will determine what decon-
tamination process will occur. 

An immediate treatment area should be located in the ini-
tial reception area and may pro vide lifesaving treatment
prior to decontamination. This may be limited to insertion
of an oral airway, bag-valve-mask ventilation, control of se-
vere bleeding, and immobilization of the cervical spine. In
some cases, providers who ha ve previously practiced the
procedures in PPE may insert adv anced airways. They may
also administer chemical agent antidotes and anticonvulsant
medication as needed. Reference charts for chemical agent
symptom recognition and treatment may be helpful (16).

The initial reception area should ha ve a plan for dealing
with individuals who are armed. This may include victims
who are law enforcement officers, civilians in lawful posses-
sion of a firearm, and criminals. There is also some risk that a
perpetrator could come to the hospital with an impro vised ex-
plosive device. The initial reception area should have a plan to
deal with these contingencies. The plan must allow for a rapid
request for assistance from local la w enforcement authorities
and evacuation of the decontamination area when necessary.

Clothing Removal
The first priority in decontamination is clothing remo val.
Removing the clothing will usually remove most of the con-
tamination. When clothing is remo ved it should be placed
inside of a plastic bag. The decontamination team will hold
the bags until local authorities issue instructions on ho w to
deal with them. Besides being a contamination hazard, the
clothing may contain forensic evidence of interest to law en-
forcement officers. The staff will place patient v aluables in
another plastic bag. They must mark each bag with a name
or number matching it with its owner. One solution is to use
a multipart set of wristbands, such as those that nurseries
use to match parents and ne wborn children. Each set of the
three or four wristbands has the same number . The person
assisting with disrobing places one band on the patient and
attaches one to each bag of clothing or v aluables. At some
point, the decontamination staff may be able to decontami-
nate some objects, such as metal je welry, keys and credit
cards, and return them to their owners. 

Dry Decontamination
In a chemical MCI the greatest number of victims af fected
may be those exposed to a vapor hazard only. The traditional
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approach of washing patients down in showers may not be
effective in the face of hundreds or thousands of casualties.
The need for wet decontamination of all patients should be
assessed in the initial reception area. Victims who have only
been exposed to a vapor do not require decontamination be-
yond the remo val of their clothing and replacement with
suitable clean clothing. This “dry decontamination” effec-
tively removes any vapor retained in the clothing. A number
of commercial products a vailable for dry decontamination
allow for the clothing remo val while maintaining the vic-
tim’s privacy, and the victims can also be shielded and pro-
tocols followed to assure safety of their valuables while they
are changing clothes. Another type of dry decontamination
that may be seen in the literature is the adsorption and phys-
ical removal of chemical agents by the use of dry com-
pounds such as diatomaceous earth or the military M291 kit.
This process is not commonly used in the civilian setting.

Wash
The core of the wet decontamination process is w ashing
with high volumes of water with a mild soap or deter gent.

For nonambulatory patients, the attendants initially co ver
wounds with a w ater barrier while w ashing the rest of the
casualty’s body with detergent. They should use disposable
soap bars or liquid detergent to reduce cross-contamination.
They may use sponges, soft brushes, or washcloths for gen-
tly scrubbing the patients. They will subsequently flush
wounds with sterile saline solution or potable w ater. Ambu-
latory casualties perform monitored self-decontamination in
a similar fashion. Table 29-1 outlines the details of an exam-
ple of the decontamination process.

Hazard Line
The decontamination process should follo w the process of
flow from the contaminated area (hot zone) to the clean area
(cold zone). The area where the decontamination is occur-
ring is often referred to as the contamination reduction cor-
ridor or the w arm zone. The hazard line must be clearly
identified as the line that marks the end of the contamination
reduction corridor and separates the warm from cold zones.
Decontamination team members in the w arm zone should
be in PPE whenever contamination may be present; those on
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the cold zone side do not require PPE. Decontamination
team members in the contamination reduction corridor do
not cross the hazard line after the y have finished with a pa-
tient. Rather, they pass the patients across the line. They
move nonambulatory patients to a clean stretcher and turn
care over to team members in the dry area. They decontami-
nate the litter by w ashing with soap/detergent and water or
wiping it with bleach and then return it to the initial recep-
tion area.

SECURITY

Hospital security personnel should be part of the medical
decontamination team. At least some security personnel
must be capable of functioning in PPE. Although their
primary function may be to establish and enforce the
perimeter, they must be able to respond to disrupti ve or
violent patients in the medical decontamination area when
necessary.

SAFETY

The medical decontamination team must ha ve a safety offi-
cer assigned. This individual should have no other assigned
responsibilities during the decontamination process. The
safety officer must coordinate with the on-scene incident
commander to ensure that decontamination staf f members
practice appropriate w ork/rest cycles based upon thermal
stress (17).

RUNOFF

Many organizations that will plan for medical decontamina-
tion may be concerned about the possibility of environmen-
tal contamination from the w astewater. Since the y may 
generate large volumes of wastewater during the decontami-
nation process, some runoff, possibly containing hazardous
substances, may enter the storm drains. Section 107 (d) (1)
of the Comprehensive Environmental Response, Compensa-
tion, and Liability Act states, “No person shall be liable
under this sub chapter for costs or damages as a result of ac-
tions taken or omitted in the course of rendering care, assis-
tance, or advice in accordance with the National Contin-
gency Plan or at the direction of an on-scene coordinator
appointed under such plan, with respect to an incident creat-
ing a danger to public health or welf are or the environment
as a result of an y releases of a hazardous substance or the
threat thereof.”

While this Good Samaritan clause does pro vide some
general protection for the hospital, it does not eliminate all
potential liability, nor does it excuse gross negligence or in-
tentional misconduct. Thus, it is prudent to ha ve a plan for
the management of wastewater. Ideally, it will be contained
and held for disposal as a hazardous substance. The facil-
ity’s plan should include steps it will tak e to contain the
water, such as damming and diking drainage areas. In cases
where the wastewater does enter a storm drain, the hospital
incident commander should notify local or state go vern-
mental officials. In terrorism incidents involving hazardous

substances, there will be a designated federal on-scene coor-
dinator. It is important to coordinate activities with that indi-
vidual to reduce potential liability (18).

SHUFFLE PITS

The medical decontamination team should attempt to pre-
vent cross-contamination between the initial reception area
and the wash area, and between the w ash area and the dry
area. The team can utilize shuf fle pits to reduce this cross-
contamination. These are large, low-sided boxes filled with
an absorbent material. All individuals moving between areas
should walk through the shuf fle pits. Staf f should wheel
stretchers through the shuf fle pits to reduce contamination
on the wheels. This will reduce the risk of mo ving liquid
contaminants. The absorbent in the shuffle boxes is a mate-
rial such as Fuller’s or diatomaceous earth. The military de-
contamination process utilizes shuf fle pits, but many civil-
ian decontamination systems do not. 

STAFF TRAINING

Administration at each hospital must select staf f members
for training. Physicians, midlevel providers, nurses, techni-
cians, aides, registration or b usiness office personnel,
housekeepers, security officers, and building engineers may
all be members of the Decontamination Group and require
training. At least two levels of training should be a vailable
for hospital personnel. Those individuals who will actually
perform decontamination operations and wear PPE must be
trained to the “hazardous materials f irst responder opera-
tions level” (19a). Other hospital staf f that may be in the
area but not directly e xposed to contaminated patients
should receive Hazardous Material Awareness Level train-
ing (12a). 

Training should be a combination of didactic sessions
with small-group activities. Exercises in simulated emergen-
cies and hands-on training with PPE and decontamination
equipment are also important. The instruction should focus
on the dangers of secondary contamination; procedures for
small- and large-scale decontamination; integration with the
hospital’s disaster plan; medical treatment for chemical, bio-
logical, radiological, nuclear, and explosive incidents; and
the various roles within the decontamination team (12a).
Training programs are a vailable for hospital personnel that
meet these requirements. (19b,19c,19d)

In preparation for an all-hazards approach to decontami-
nation, training and knowledge of agents is essential. Cer-
tain chemical agents that exist as a vapor will be effectively
decontaminated with only removal of clothing with trapped
vapor (dry decontamination). With biological agents, the
need for patient decontamination will ha ve passed before
the disease would present clinically. In an overt terrorist at-
tack where there is a notif ication by the terrorists that a
population has been e xposed to a biologic agent (such as
the anthrax letters), the exposed individuals would need to
be decontaminated with deter gent/soap and water. For pa-
tients needing wet decontamination, the process is v ery
similar for those contaminated with biological w arfare
(BW) agents, chemical warfare agents, and radiological
agents. Hypochlorite solution, which is utilized in military
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decontamination personnel will use. OSHA has clarif ied
that Level C PPE may be acceptable when performing
medical decontamination away from the site of the initial
release (20b,20c). The on-scene incident commander must
review all information a vailable and determine if higher
levels of PPE are required based upon the kno wn and un-
known factors (21).

Clearly, every hospital should pro vide at least Le vel C
PPE to its responders. Some hospitals may choose to mak e
available higher levels of PPE (along with the higher levels of
training required) to their decontamination staf f. In general,
however, based on a review of both actual cases of contami-
nated patients and on limited laboratory studies, it is likely

decontamination, is generally not utilized in ci vilian 
decontamination due to the availability of large volumes of
water and questionable efficacy of the hypochlorite decont-
amination solution. It is important to note, however, that
decontamination will not eliminate the infectious risk for
individuals with BW diseases that sho w person-to-person
transmission (20a).

PERSONAL PROTECTIVE EQUIPMENT

The on-scene incident commander must evaluate the situa-
tion and determine the le vel of PPE that the medical 

Chapter 29 All-Hazards Approach to Decontamination 297

TABLE 29-1  Patient Decontamination Procedure

Initial Reception Area
1. Evaluate all arriving patients for life-threatening conditions. These patients are put into the immediate treatment area. Perform

simple medical procedures such as placing an oral or nasal airway, bag-valve-mask ventilation on patients with inadequate res-
piration. More advanced airway measures may be utilized if resources allow. Exsanguinating hemorrhage must be controlled.
Cervical spine protection and the administration of chemical agent antidotes can be delivered in the immediate treatment area
prior to decontamination.

2. Determine each patient’s needs for decontamination.
3. Patients who require dry decontamination only should be directed to the dry decontamination area. These patients will have

their clothing removed and replaced with clean clothing.
4. Place nonambulatory patients on decontamination stretchers or backboards and move to the nonambulatory decontamination

area. These patients will all be wet decontaminated.

Ambulatory Patients (dry decontamination) 
1. Direct patient to the ambulatory dry decontamination area.
2. Patient removes all clothing. Valuables are placed in a small plastic bag, and clothing is placed into a larger bag. Label patient

and bags with matching numbers, such as a three-part nursery identification bracelet.
3. Pass clothing and valuables to the attendant. Attendant passes bags to the clothing and valuable storage area.
4. Patient moves through the contamination reduction corridor to the cold zone.
5. Patient dries self and deposits towel in designated container.
6. Patient dons gown and proceeds to emergency department triage.

Nonambulatory Patients
1. The staff continues life-saving measures such as bag-valve-mask ventilation or bleeding control that started in the immediate

treatment area.
2. Decontamination staff moves the patient to the wash area.
3. In the wash area, team members remove all clothing and valuables from the patients. They place clothing in a large plastic bag

and valuables in a small plastic bag. They label the patient and the belongings with matching numbers, such as a three-part
nursery identification bracelet.

4. Staff passes patient belongings to the clothing and valuable storage area. The staff decontaminates scissors and any other
equipment used by dipping in 5% bleach (or washing with copious water and detergent).

5. Staff rinses the patient from head to toe.
6. They gently wash the patient with detergent and a soft brush, sponge, or wash cloth from head to toe for at least 5 minutes,

giving careful attention to washing areas such as the ears, eyes, axilla, and groin.
7. They log-roll the patient to wash the posterior surfaces, protecting the cervical spine if necessary.
8. They rinse the patient for at least one minute.
9. They move the patient to the cold zone. Decontamination staff should not move across the hazard line between the wash area

and the dry area. Instead, members on one side should pass the patient off to team members waiting on the other side. In the
process, they move the patient to a clean backboard or stretcher. The wash area staff wipes the empty stretcher with bleach (or
washes with copious water and detergent).

10. Staff dries the patient and covers the patient with a sheet.
11. They move the patient to the emergency department triage area.
12. Patient dons gown and proceeds to emergency department triage.



that air purifying respirators along with liquid-impermeable
clothing will provide sufficient protection for hospital decon-
tamination personnel (22).

Each hospital will tailor its selection of decontamina-
tion equipment for its o wn situation. Table 29-2 shows a
sample listing of equipment. The equipment for medical
decontamination should include items to certify the com-
pletion of decontamination. A chemical agent monitor
such as the APD 2000 (23), while relatively expensive at
approximately US$11,000 in 2004 (24), is an excellent de-
vice for screening patients on arri val to determine if de-
contamination is necessary and to certify decontamination.
The use of ine xpensive monitoring capabilities such as
pancake radiation detectors and M8 or M9 chemical paper
may also be acceptable, but they are not able to detect as
broad array of agents. 

PREPAREDNESS HISTORIC EVENTS AND
CASE HISTORIES

Hospital preparedness for contaminated patients is essential
in order to avoid secondary contamination. There have been
many cases where secondary contamination has injured hos-
pital personnel. The keys to avoiding injury to hospital staff
are appropriate decontamination procedures, good commu-
nication with out-of-hospital personnel, and appropriate lev-
els of PPE with adequate staff training in its use (25).

The most f amous case of secondary contamination
causing casualties was the 1995 terrorist attack with sarin
in the Tokyo subways. The hospitals did not establish an y
decontamination operations, and contaminated patients en-
tered the facilities. This caused significant secondary con-
tamination. Thirteen of the fifteen physicians who worked
in the emer gency department de veloped symptoms from
exposure to sarin on the victims the y were treating. Most
of these doctors had visual complaints and se veral had se-
vere miosis. Others had rhinorrhea, shortness of breath,
chest tightness, and cough. Six of the physicians recei ved
treatment with nerve agent antidote (26). It is lik ely that
this contamination w as secondary to the entrapped sarin
vapor in the casualties’ clothing. The secondary contami-
nation may have been avoided by removing this contami-
nated clothing before allo wing the patients to enter the
hospitals (dry decontamination). 

PREPAREDNESS CHECKLIST TABLES
AND SUMMARY

Medical decontamination is not an e xcessively compli-
cated task. Nevertheless, it can require a signif icant com-
mitment of personnel, time, and effort. The hospital must
ensure that it has all-risk decontamination plans in place.
Decontamination teams must obtain equipment. They
must participate in training, both initial and annual re-
fresher, so that the y may operate safely and ef fectively
and comply with accreditation standards and the la w 
(Tables 29-1 and 29-2).

RESOURCES

1. The Occupation Safety and Health Administration pub-
lishes a pamphlet entitled “Hospitals and Community
Emergency Response—What You Need to Kno w.” This
informational booklet provides a generic overview of the
federal regulations governing hospital emer gency re-
sponse to situations involving hazardous substances. It is
available on-line at http://www.OSHA.gov (27).

2. The Chemical Emergency Preparedness and Pre vention
Office (CEPPO) maintains a web page that pro vides a
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TABLE 29-2  Decontamination Area 
Equipment and Supplies

ITEM

Bandage scissors
Litter stands
M8 chemical agent paper
5% (household) bleach
12-quart pails
Sponge, cellulose
Plastic bags
Plastic sheet
Black pencils
Chemical protective clothing
Decontamination litters
Atropine
Pralidoxime chloride
Diazepam
IV needles
IV infusion sets
IV fluid
Oral airways
Advanced airways (laryngeal mask airways, combitubes,

or endotracheal tubes with laryngoscopes)
Battery-operated suction units
Bag-valve-mask resuscitators
Personal protective equipment
Chemical agent detector, such as the APD 2000
Dressing and bandaging supplies
Sterile saline for irrigation
Tourniquets
Washcloths
Towels
Patient gowns
Blankets and bed sheets
Diapers
Sanitary napkins
Knife
Duct tape
Flashlights
Spare batteries
The expected number of patients as determined by local hazard
vulnerability assessments should determine the amounts of equip-
ment and supplies required.

http://www.OSHA.gov


directory to f ind the contact information on LEPCs
throughout the country. It is a vailable at http://www.epa.
gov/ceppo/lepclist.htm.

3. Joint Commission on Accreditation of Healthcare Or ga-
nizations (JCAHO) has published se veral resources to
assist hospitals in meeting accreditation standards. “The
Guide to Emer gency Management Planning in Health
Care” contains sections that pertain to all-hazards decon-
tamination planning (28).

4. The Agency for Toxic Substances and Disease Re gistry
has published the Managing Hazardous Materials Inci-
dents series. This helpful series pro vides emergency
medical services personnel and hospital emer gency de-
partments with guidance to plan for and respond to inci-
dents with hazardous substances. Volume 2 contains spe-
cific guidance on the decontamination process (29). It is
available on the Internet at http://www .atsdr.cdc.gov/
mhmi.html.

5. The U.S. Army Medical Research Institute of Chemical
Defense, Chemical Casualty Care Division has extensive
materials on decontamination and management of con-
taminated individuals. Their web site includes se veral
full-text books that may be useful to a decontamination
team. Their Internet resources are a vailable at http://ccc.
apgea.army.mil.
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Detection, Prediction, and Surveillance
Warren L. Whitlock

INTRODUCTION

Surveillance is an all-encompassing acti vity that includes
planned and unplanned information collection, statistical
analysis, and the prediction reporting of possible future
events. This definition encompasses the ne xt generation of
detection and surveillance systems on the horizon and pro-
vides the groundwork for both horizontal and v ertical views
of the requirements for successful surveillance systems. The
Centers for Disease Control and Pre vention (CDC) defines
public health surveillance as “the ongoing, systematic col-
lection, analysis, and interpretation of data (e.g., regarding
agent/hazard, risk factor, exposure, health event) essential to
the planning, implementation, and evaluation of public health
practice, closely integrated with the timely dissemination of
these data to those responsible for prevention and control” (1).
Prediction of health trends depends on accurate detecti on
data, dynamic data inte gration for surv eillance, and
Bayesian probability for sensitivity, specificity, and statisti-
cal accuracy. Identifying the requirements, components, and
systems engineering for early detection of health states can
provide a strategic decision capability concerning resources
and disease prevention actions. However, surveillance sys-
tems can have severe shortcomings, based on the quality of
the data collected and the detection methods used to pro vide
surveillance. These are essential topics for a discussion of
detection and surveillance capabilities and realities. 

Although the CDC pro vides a reasonably clear general
definition for health surveillance, it does not provide a spe-
cific definition of “detection,” and the key to successful sur-
veillance is early detection. Surv eillance of specific detec-
tion information, when recognized, allows for early strategic
intervention. Detection methodology is the historical foun-
dation of epidemiology and surv eillance and the primary
key for effective actions to limit, control, and prevent poten-
tial disease outbreaks. Surv eillance can be either accurate
and valuable or inaccurate with little utility, based on its pre-
cision and accuracy for prediction of “true positi ve” public
health outcomes. 

One of the finest examples of detection and surveillance
is Dr. John Sno w’s epidemiological research in 1854 in

detecting cases of cholera and their location in London.
Each cholera case detected and its location were painstak-
ingly plotted by hand on a map of the city . The density of
cholera cases in a concentric fashion based on their location
made the association and conclusion obvious to anyone that
it was the centrally located town well and its water that was
contaminated with cholera. The mapping of each case
detected provided for a surv eillance system to understand
the relationship between the disease and the source to form
strategic decisions re garding resources and public health
policy, which later formed the basis for modern epidemiolo-
gy and public health acti vities. Snow’s work constituted a
case-controlled study demonstrating that people from lo w-
risk areas outside of London who drank the cholera-
contaminated water developed cholera. This confirmed his
theory that cholera cases were associated with the well
water before medical science had discovered it was a bacte-
rial organism that caused the contamination and disease (2).
It was the undeniable conf irmation of Snow’s surveillance
prediction that caused a revolution in public health attitudes.
Despite the profound ef fect of this methodology , it took
almost 20 years to fully change the public beha vior even
after the causes and effects of cholera were known. 

History teaches us that the ability to predict future health
events from detection and effectively communicate this infor-
mation to leaders can be devastating if not rooted in the daily
management and administration of our go vernment system.
The Native Americans taught the early British and European
settlers much important information, but perhaps no lesson
from that period of history is as poignant as what was learned
from the first recorded incidence of biological warfare use in
North America. The French and Indian War was waged from
1754 to 1763. After seven years, a victory was still not fore-
seeable until a British commander approved a submitted plan
to use blank ets from a smallpox hospital to infect Nati ve
American tribes that had no natural resistance. William Trent,
a commander of the local militia of the to wnspeople of
Pittsburgh, notes in his journal on May 24, 1763, “[W]e gave
them two Blankets and an Handkerchief out of the Small Pox
Hospital. I hope it will have the desired effect” (3).

Without detection and surv eillance capability, smallpox
spread rapidly across the Nati ve American tribes. After the
initial cases, the true cause went unrecognized by Nati ve
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American leaders, and the morbidity and mortality resulted
in devastation of the eastern Nati ve American population,
effectively ending the French and Indian War in less than a
year. Native Americans continued to suf fer from smallpox
outbreaks for years afterward because they were not capable
of understanding the public health strategic consequences. 

Detection and surveillance requirements for protection of
public health against weapons of mass destruction (WMD)
will be no less an important requirement than the understand-
ing of the contagion risk of smallpox might ha ve been to
Native Americans. The changes required in the United States
to achieve effective detection and surveillance will be no less
profound than what Sno w faced in changing public health
policy after discovering the relationship between cholera and
water contamination. The understanding and transformation-
al change in a global health detection and surveillance system
required to pre vent or limit the impact of a biological or
chemical terrorism attack ef fectively could result in e ven
more lives saved today than all the li ves saved in history
because of Snow’s original discovery concerning cholera. 

PREPAREDNESS ESSENTIALS

The possibility of the intentional spread of chemical, biologi-
cal, radiological, nuclear, or explosive (CBRNE) agents by
terrorists makes it essential that preparedness planning incor-
porate the use of adv anced technology for medical surv eil-
lance. This must be done in support of a wide spectrum of
professions to include first responders, public health officials,
and military services (both acti ve and reserve components)
and by commercial companies that import products into the
United States. Detection and surveillance for threat and risk
reduction needs specif ically to tar get CBRNE and, most
recently, “cyber-terrorism attacks” (4). If surveillance is to
be effective, it must be established within the federal stan-
dards for medical data but support the systematic processes
of data collection, analysis, and dissemination among local,
state, and federal agencies. 

“All data concerning global disease incidence, including
WHO data, should be treated as broadly indicative of trends
rather than accurate measures of disease prevalence” (5). To
further define the critical requirements for detection and sur-
veillance, the real challenge is to distinguish among a dis-
ease outbreak, the deliberate use of biological weapons, and
the native fluctuations in the detection system that are not
predictive of either one. Early detection presupposes there is
a system matrix for surveillance that can then predict future
health events. Without the ability to discriminate between
these incidents at an early point in time through detection,
surveillance will only occur in a retrospecti ve, asynchro-
nous, postmortem fashion and result in “lessons learned” as
a history archi ve footnote. Ef forts under w ay on both the
civilian and military community homeland security fronts
and defense and preparations for potential bioterrorism
agent deployment will have clear and measurable benefits to
our current health surv eillance systems used by the
Department of Defense (DoD) and the CDC today. 

In October 2000, the Defense Threat Reduction Agency’s
Advanced Systems and Concepts Of fice (ASCO) and the

CDC cosponsored a w orkshop aimed at identifying the
essential elements of a national health surv eillance system.
The National Health Surveillance Workshop described three
types of surveillance systems: “data mining, rapid diagnos-
tics, and syndromic systems” (6). 

The data mining process is performed retrospectively and
uses statistical methods to unco ver relationships that other-
wise would not be disco vered or understood. Data mining
evaluates existing data that is already archi ved, and it
requires no ef fort to perform collection acti vities. But
because it is retrospective, it is limited even in the most ideal
of circumstances to pro viding information on “what hap-
pened in the past.” Data mining cannot by itself pro vide the
necessary prediction of trends needed for surv eillance sys-
tems. The analogy would be to dri ve a car forw ard by only
having the ability to look backw ard to see where you ha ve
been. Data mining also depends on the quality of legacy data
recorded, which for most a vailable surveillance systems is
based in medical billing codes (ICD-9). In medical systems,
this is the most prevalent methodology used for surveillance
today. Other “legacy” data models are being e xplored, such
as emergency department “chief complaint” or patient call-in
information lines, but because of inconsistent def initions of
the data and lack of systematic collection, they are all limit-
ed in meeting true surveillance requirements. 

Because many of the CDC’s identified high-risk bioagents
have zoonotic or animal origins, surveillance systems must use
more than just human insurance billing codes and incorporate
standards in broad cate gories of agriculture, animal, and
human data for aggre gation. Future surv eillance systems
must include veterinary medicine, agricultural system data,
and U.S. Trade and Immigration information, as well as
medical health data. 

Just as the CDC has classif ied bioterrorism agents/
diseases by cate gory (7), the International Of fice for
Epizootics (OIE) has classif ied animal diseases into cate-
gories based on their risk of ne gatively impacting interna-
tional trade and global economy . The class A list is def ined
by “Transmissible diseases which have the potential for very
serious and rapid spread, irrespective of national borders,
which are of serious socio-economic or public health conse-
quence and which are of major importance in the interna-
tional trade of animals and animal products.” The class B list
is defined by “Transmissible diseases, which are considered
to be of socio-economic, and/or public health importance
within countries and which are significant in the internation-
al trade of animals and animal products” (8). Bioterrorism
agents such as anthrax, Q fever, tularemia, brucellosis, and
glanders are on both the CDC and the OIE lists. 

The spectrum of detection systems to support surveillance
must include environmental, agricultural, and occupational
field detection evidenced by the growing number of station-
ary and mobile rapid detection and diagnostic devices
(RD3) that provide immediate identif ication of biological,
chemical, and radiation agents. RD3 can pro vide real-time
detection with a high de gree of sensitivity in multiple sites
over long periods of time. Ho wever, the RD3s still need an
integrating system for surv eillance prediction of e vents
using multiple disparate data sources that yield a high prob-
ability and accuracy. These types of systems are generally
more expensive and more sensitive to environmental condi-
tions and therefore of limited utility because they are subject
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to variable specificity in the detection thresholds. The vali-
dation of alarm thresholds and higher quality de vices for
proven field use is needed before deploying these systems as
part of surveillance systems in real-world operations. 

The importance of research and technology enhancement
of medical surveillance is clear from the lar gest retrospec-
tive investigation injury and disability studies in DoD. This
work took 9 years to complete by review of medical records
and resulted in these f ive recommended steps for surv eil-
lance system development:

1. Surveillance: Determine problem to be investigated.
2. Research: Identify the specific data for cause and risk

factor detection.
3. Research/intervention trials: Use for prevention and sur-

veillance strategies.
4. Policy, behavioral changes, and equipment: Optimize

the use of technology for implementation.
5. Ongoing surveillance and research: Evaluate effective-

ness of future planning and forecasting capabilities (9).

The requirement for “Research” is listed in three of the
five categories from this study compiled by military and
civilian experts. The most notable conclusion concerning
detection and surv eillance is that current systems are not
adequate to meet our national, state, or local agency require-
ments for early detection, accurate prediction, and valid
decisions concerning resources by public health, federal,
and state government officials. 

The two categories of clinical surveillance are direct and
indirect methodology. Indirect surveillance is analogous to
taking a census based on current information systems and
medical codes. This can provide general information con-
cerning past or current e vents but by itself it cannot neces-
sarily provide for early or accurate identif ication of future
trends. The direct type of surv eillance is more formal
because of its specif ic data collection and e xamination to
determine factors or conditions that predict health e vents in
a given population, location, and time period. An example of
indirect surveillance is when the recorded atmosphere and
weather conditions monitored from satellite by NASA were
combined with recorded outbreaks of the West Nile virus in
Egypt. Matching of these historical trends sho wed an asso-
ciation of flooding of the Nile River during the summer sea-
son to epidemics of West Nile virus infection. Because mos-
quitoes are the carrier and v ector of the West Nile virus,
pooled water and warm seasons provide conditions neces-
sary for West Nile epidemics. Public health actions to
address these conditions were based on the understanding of
this indirect surveillance and subsequently were pro ven to
reduce the number of cases of West Nile virus infection (10).
This type of surv eillance of environmental conditions pro-
vided valid prediction of human and animal disease risk in
large geographical areas and populations, which are used
now in other areas of the w orld with West Nile virus infec-
tions. The ability to collect clinical information within our
indirect medical information system must ha ve the capabil-
ity to use patient symptoms and signs, or what is known as
“syndromic surveillance.”

Serological surveillance in populations is a more specif-
ic measure, which can be conducted under both direct and
indirect methods. Indirect surveillance is similar to the mon-

itoring of HIV-positive rates routinely reported to public
health and the CDC. Direct surveillance is illustrated by the
specific and systematic monitoring for coronavirus (cause of
the severe acute respiratory syndrome [SARS] epidemic),
the seroconversion rate in both human and animal popula-
tions to predict background population e xposure, predict
risk for potential epidemic, and institute tighter infection
control policies in high-risk countries (11). Because one of
the critical predictors of epidemics is a population’ s native
resistance to a disease, serological data can also ha ve great
value for epidemic probability and forecasting. Direct sur-
veillance of serological conversion rates in a targeted popu-
lation can provide evidence of subclinical disease exposure,
risk of disease epidemic, and assist with prediction informa-
tion for other areas and populations. If direct surv eillance
for serological conversion is used in a lar ge target popula-
tion, it can have very high costs and present implementation
problems for training and education across man y organiza-
tions. Both direct and indirect serological surveillance meth-
ods can provide predictions of pre valence and risk in geo-
graphical distributions for many human and veterinary dis-
eases. Serological surveillance provides objective informa-
tion concerning the frequency of specific findings in a pop-
ulation and is therefore more quantif iable than subjecti ve
billing code surv eillance. For medical surv eillance to be
used effectively by health care providers and decision mak-
ers, it must be available in a near “real-time” capability for
accurate probability prediction. This requirement pro vides
an opportunity for technology and equipment to support a
“next-generation” surveillance capability to deter and pre-
vent potential terrorist attacks and deplo yment of bioterror-
ism agents. This chapter provides a glimpse of some near -
term and long-term products that are in de velopment for
both civilians and military. 

PREPAREDNESS HISTORIC EVENTS 
AND CASE HISTORIES

The concept of a modern biological w arfare and research
development program w as developed after World War II
when investigations showed evidence that Japan had con-
ducted systematic and comprehensive research on potential
biological agents for use during the w ar. Records show the
testing of these agents on human prisoners, the modifying
and weaponizing of the bioagents, and the development of
delivery systems, such as aerosol delivery of anthrax spores
(12). The U.S. research ef forts on the atomic bomb ended
the war with Japan before these biological research ef forts
could come to fruition and be used against the Allied forces. 

The dropping of the atomic bomb at Hiroshima and
Nagasaki ended not only the w ar but the deplo yment of
Japan’s considerable biological warfare capability. Planning
the ideal future surveillance system might be based on deter-
mining the requirements to meet the worst case scenario. 

Therefore the “ideal surveillance system” would provide
enough sensitivity and specificity for early detection, accu-
rate prediction, and effective preventive actions in prepared-
ness against the “ideal CBRNE agent.” The ideal syndromic
surveillance system should be simple to use, supplied at no
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or low cost to end users, and be of great v alue in their job
performance, but still provide for data collection at point of
care in a wide range of settings (public health clinics,
physicians’ offices, emergency departments, pharmacies). It
would also pro vide for alert thresholds and transmission
(data synchronization) of information and alerts across
jurisdictions, regions and states, and network domains. This
type of system w ould be able to pro vide data query o ver
time for valid predictions of trends that lie outside of histor-
ical trends and provide indications for in-depth ad hoc query
and investigation. 

Asynchronous data is analyzed retrospectively, whereas
synchronous data enable the concept of real-time informa-
tion analysis. Microsoft def ines real-time data (R TD) as
data that updates on its o wn schedule (for e xample, stock
quotes, manufacturing statistics, Web server loads, and
warehouse activity) (13). RTD for the perfect surv eillance
system would allow for “synchronous data” and RTD
update, which is def ined as a R TD architecture and R TD
server. The next generation surveillance system must ha ve
RTD forecasting and analysis with thresholds (predef ined
“panic value”), duplicate data certif ication, and transmis-
sion logging of alarms, recommendations, and actions for
appropriate agencies (i.e., telephone, pagers, e-mail lists,
and data-synchronized client alarms). The ability to
respond dynamically to specific detection information is an
example of the capability to dif ferentiate “signal” from
“noise.” This type of system will incrementally collect
better information about high-risk populations and reduce
the burden of time and effort by first responders and health
care providers. 

PREPAREDNESS SUMMARY

From news reports, federal, DoD, and state agency reports,
there are hundreds of parallel health surv eillance systems
being developed. The National Association of County and
City Health Officials is funding more than $400 million of
separate public health surv eillance and training programs
(14).

Jerry Hauer, a senior advisor to the Secretary for the
Department of Health and Human Services for national
security and emergency management, said in the proceed-
ings of the Department of Health and Human Services
National Committee on Vital and Health Statistics meeting
held in February 2002, “I think one of the greatest concerns
we have is that as dif ferent systems have been developed,
be it syndromic or data mining, there has not been a com-
monality of data that is required. We will wind up with a
group of systems around the country that don’ t necessarily
talk with one another” (15). Hauer is absolutely correct in
saying that no surv eillance system can be realized when
confronted with our current medical detection coding
methodology. Effective health and environmental standard-
ized data detection information for data mining and syn-
dromic surveillance function is not an option, it is a critical
requirement. 

A discussion of the Framingham Heart Study , one of the
greatest modern research programs, illustrates this point
clearly. Before 1950, it was believed coronary disease w as

unavoidable and people could not change their risk because
the risk factors for disease surveillance were not understood.
To determine what constellation of f actors from the biologi-
cal, environmental, and living style spheres could predict risk
for myocardial inf arction was one-half of the researchers’
objective. The other half w as the novel concept that physi-
cians and their patients tak e action and pre vent what w as
thought to be inevitable. The detection of high blood pressure,
serum cholesterol, age, dietary habits, and exercise habits
were not incorporated into a surv eillance program for heart
disease until the results of this study changed risk behavior in
the United States fore ver. However, the final results of this
direct syndromic surveillance study took decades to make its
predictions and be validated in subsequent trials. The value of
standardized medical data to deliver medical care information
more effectively and collect detection information without
error will also pro vide the key to early identif ication of dis-
ease trends and the ability to make strategic decisions to pro-
tect the health of the population. 

The U.S. military de veloped an inno vative health care
strategy called Force Health Protection (FHP), which uses
preventive health techniques and emer ging technologies in
environmental surveillance and combat medicine to protect
service members before, during, and after deployment. The
overarching goal of FHP is casualty pre vention, achieved
through a physically and mentally fit force trained for mod-
ern combat. FHP prevention concentrates on environmental
and health hazards and pre ventive strategies to reduce the
largest number of military casualties caused by disease and
nonbattle injury (DNBI) (16).

To reduce the DNBI threat, a system for conducting and
maintaining continuous surveillance of the force health and
the DNBI threat includes global medical intelligence to
support the capability to implement countermeasures early.
These may include immunizations, environmental, and
public health or pre ventive measures. The Joint F orce
Medical Surveillance Program analyzes illness rates in two
broad categories: “battle injury” and “disease nonbattle
injury” (DNBI) (17). Battle injuries are caused by con ven-
tional small arms and fragmentation ordinance and e xplo-
sive munitions including high-v elocity weapons, land
mines, rockets, bombs, artillery, as well as bayonets and
other wounding devices used or employed by a single indi-
vidual or a cre w. However, the direct mortality from mili-
tary conflict is not historically the reason that major cam-
paigns are lost, and in one study it was found to contribute
less than 1 percent of overall cause of death globally in the
year 2000 (18). 

The DoD DNBI surveillance program aggregates disease
and injury into 16 cate gories that have established thresh-
olds determined from historical military injury and disease
rates during deplo yments. These categories are reported
weekly by all deplo yed medical units for visibility of the
threat to soldiers in a gi ven environment or from endemic
diseases. This is a type of syndromic surv eillance based on
aggregated symptoms and diagnoses and is used today by
the U.S. Army’s Center for Health Promotion and
Preventive Medicine (CHPPM). The U.S. Army and other
services have engaged lar ge resources and considerable
academic acumen from lessons learned within the U.S.
Army War College and calls to “tailor the use of preventive
medicine assets to enter the area of operations at each le vel
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of conflict” and to establish an “ef fective DNBI (surv eil-
lance) prevention program” (19). Military medical leaders
understand the importance of conducting systematic health
surveillance of soldiers to mak e decisions concerning
resources that protect their soldiers. Thresholds for which a
commander must not exceed are based on rate of occurrence
1/1,000 over a 7-day time period (17). Because the aggrega-
tion of the symptom and disease cate gories are at risk for
variables, the time period of 7 days adjusts the sensitivity to
avoid frequent false positives.

DoD is perhaps one of the greatest test beds to pro ve
and establish these medical standards for use in clinical sit-
uations at the patient interf ace and for military leaders’
command and control requirements to protect their soldiers
under worldwide conditions. The DNBI data can be used
by the medical staf f to identify local- or theater -level
trends in health status and tar get feasible means of reduc-
ing the incidence of pre ventable disease and injury . An
example of how DNBI data is aggre gated is in the infec-
tious gastrointestinal category. This category contains “all
diagnoses consistent with infection of the intestinal tract
and includes any type of diarrhea, gastroenteritis, ‘stomach
flu,’ nausea/vomiting, hepatitis, etc., but does NOT include
noninfectious intestinal diagnoses such as hemorrhoids,
ulcers, etc.” (17).

This constellation of symptoms and diagnoses in military
operations has a threshold level of 5/1,000/week. If the rate
of gastrointestinal infectious cate gory exceeds twice this
threshold or the rate doubles from the prior week, com-
manders are advised to realign resources and conduct a
complete investigation into the causes. 

DoD GLOBAL EMERGING 
INFECTIOUS SURVEILLANCE

The DoD program for Global Emer ging Infectious
Surveillance (GEIS) supports global surv eillance, train-
ing, research, and response to emerging infectious disease
threats through military research laboratories around the
world and within the United States. GEIS epidemiological
capabilities serve U.S. interests through early warnings of
new infectious diseases, enable preventive medicine to
combat epidemics, and enhance military hospitals’ capa-
bility to treat disease outbreaks. The DoD GEIS laborato-
ries in Cairo, Egypt; Nairobi, Kenya; and Bangk ok,
Thailand work closely with the CDC to monitor emerging
infections across the globe. 

The U.S. Air Force (USAF) provides a medical data col-
lection, assessment, and surveillance program called the
Global Expeditionary Medical System (GEMS) inside its
modular deployable hospitals. As former Air Force lieu-
tenant general P aul Carlton said in his testimon y to the
House Armed Service Committee, “Technology is key with
portable C2 (command and control)-link ed test platforms
that aid the field medic in determining the nature and cause
of the biological hazard to facilitate mitigation” (20).

During the coalition e xercise Bright Star in Egypt,
September to October 2001, the Third Medical Command
(3rd MEDCOM) evaluated a modif ied GEMS system to

conduct deployed health surv eillance. The GEMS w as
modified to use the Portable Data File (PDF-417) tw o-
dimensional bar code on the military ID card for error-free
identification of patient information to include name,
rank, social security number, age, service, and blood type.
The modified GEMS included updated patient symptoms
in drop-down categories organized in a Subjecti ve,
Objective, Assessment, Plan (SOAP) format for intuiti ve
navigation for health care pro viders. Although the e xer-
cise was shortened due to Operation Enduring Freedom
(OEF), the medical surv eillance portion called “Digital
Force Health Protection” was a mark ed achievement in
demonstrating advanced surveillance capabilities in
deployed military populations using detection and surveil-
lance technology tools. A single PDF-417 symbol carries
up to 1.1 kilobytes of readable data in tw o-dimensional
symbology. A major advantage not appreciated by many is
that, unlike the one-D bar code, which is useless without
a complete database application, the PDF-417 serves as its
own mobile database in a standard that is no w used for
nonmedical purposes by both federal and state go vern-
ments. It can pro vide a coded identif ication information
system for medical and health surv eillance purposes, and
the information content meets federal, state, and Health
Insurance Portability and Accountability Act (HIPAA)
requirements for privacy. 

The demonstration of the GEMS application pro vided
the 3rd Medical Command in Egypt with force health
strength surveillance, monitoring of the illness rates o ver
all of the DNBI cate gories, and generation of maps with
highlighted areas where the DNBI thresholds were
exceeded. Exported data was exported into encrypted files
and sent via Internet to the Southeast Re gional Medical
Command, where all surv eillance information could be
further analyzed in less than 24 hours after a soldier had
been seen at a clinic in Egypt. Early detection of health
threats and subsequent command decisions to protect the
health of deplo yed soldiers can be accomplished using
computerized technology. The use of computerized data
detection capabilities, surveillance query, and archival
transmission of data is an absolute requirement for mili-
tary operations abroad and at home. 

Digital Force Health Protection during Bright Star
Exercise and the subsequent testing by Medical Research
and Materiel Command at Fort Detrick, Maryland, result-
ed in the first demonstration of personnel using developed
bar-code technology for medical surv eillance systems
(21). A second phase of this work involved a two-D hand-
held scanner that could automatically read the tw o-D
matrix data (raster) in less than 2 seconds. All health care
encounters begin with the identification of the patient and
end with a medical outcome. The PDF-417 is a personnel
file data standard for all U.S. military service identif ica-
tion cards to include acti ve and reserv e components as
well as dependent f amily and retired service members. It
is now used on the dri vers’ licenses of over 30 states for
storage of identification information and organ donor sta-
tus. It is being used most recently by commercial retail
stores to check identification of purchases using check or
credit cards, but it has tremendous potential for inte gra-
tion of data and information standards in disasters and
emergency response for homeland security. 
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TABLE 30-1  Requirements for a Global
Integrated Surveillance System

• Surveillance of U.S. population health
• Surveillance of all immigrations into the United States

(people, cargo, information)
• Surveillance of U.S. military and coalition forces health
• Surveillance of allied countries’ population health
• Surveillance of adversary countries’ population health
• Surveillance of animal health
• Surveillance of agriculture
• Surveillance of wildlife and natural resources

TABLE 30-2 DoD Surveillance Tools 
and Agencies in 2002

SURVEILLANCE TOOL DEPLOYING AGENCY

LEADERS USAF
ESSENCE GEIS
SAMS Navy/SPAWAR
MDSS NHRC/SPAWAR
DMSS AMSA
RDSS NEHC
FMSS NHRC
MSS/LERSM TMIP-J
DHSS CHPPM/SOCOM 
GEMS USAF 
JMO-T DUSD

RESOURCES

The United States is a major hub of global travel, immigra-
tion, and commerce and supports a military presence o ver-
seas and has wide-ranging global economic interests. The
greatest risk to national security and national economic
interest is the disruption and de gradation of U.S. security
and economy in the worldwide market through some multi-
pronged chemical and biological terrorist campaign. A
global integrated surveillance and response system that
includes the World Health Or ganization, International
Emerging Infections Programs (IEIPs), CDC’s National
Center for Infectious Diseases (NCID), DoD’s Global
Emerging Infectious Surv eillance System (GEIS), and the
CDC’s Emerging Infectious Surv eillance program is the
essential requirement. These surveillance systems must pro-
vide real-time and accurate ongoing systematic collection,
analysis, and interpretation for e valuation of public health
trends and forecasting from local, state, federal, and interna-
tional organizations. The surveillance systems must be close-
ly integrated with the distributed networked dissemination of
information to public health personnel responsible for pre-
vention and control. Table 30-1 lists all the functional areas
for a global integrated surveillance system. Examples of gov-
ernment and commercial surv eillance applications covering
some of these areas are listed in Table 30-2 and Table 30-3.

A CDC initiative to promote the use of standardized data
is the National Electronic Disease Surv eillance System
(NEDSS). It is anticipated that it could achie ve the needs
for an interoperable surv eillance system for federal, DoD,
state, and local public health and medical or ganizations. It
encourages the use of automatic capture and analysis of
data that are already a vailable to include ICD-9 codes and
electronic Health Level Seven (HL7) Reference Information
Models (22). NEDSS system architecture is designed to inte-
grate legacy surveillance system such as the National
Electronic Telecommunications System for Surv eillance
(NETSS) and will ideally use other more rob ust coding sys-
tems such as the Systematized Nomenclature of Medicine-
Clinical Terms (SNOMED-CT) and the PDF-417 bar codes
in use across DoD and the majority of U.S. states for drivers’
license identification. Currently NEDSS has a long way to go
to provide data interoperability for systematic comprehen-
sive electronic data architecture needed across the global

medical system. The NEDSS standards for future de velop-
ment could pro vide standard operating procedures using
current infrastructure for secure transmission, archival of
sensitive or critical data, and federal-and state-secure
Internet and gate way for the future CDC’ s Secure Data
Network (SDN). Inte gration of le gacy system architecture
and defining the requirements for interchangeable data with-
in the developing DoD, federal, state, and commercial stan-
dards remains the greatest challenge. 

The Joint Service Installation Pilot Project (JSIPP) is a
DoD program managed by the Defense Threat Reduction
Agency to model DoD support systems for homeland securi-
ty and defense around the requirements for response to
weapons of mass destruction or natural disaster e vents. The
sites will be provided with equipment and training to enhance
protection, detection, and emergency response. The installa-
tions selected to be the f irst participants in the JSIPP are
Camp Lejeune, NC; Fort Campbell, KY; Pope Air Force Base
(AFB), NC; Barksdale AFB, LA; Fort Lewis, WA; Navy
Region Southwest, San Diego, CA; Fort Gordon, GA; Robins
AFB, GA; and Naval Surface Warfare Center, Dahlgren, VA.
Chemical and biological detector data will be integrated with
medical surveillance for testing and evaluation over both mil-
itary and ci vilian computerized netw orks. Fort Gordon,
Georgia, the U.S. Army Signal Center & School and the
Southeast Regional Medical Command, is one of the nine
installations of the JSIPP that is testing the latest chemical and
information technologies for use as a “DoD backbone” for
common capability at all military installations. 

Improving the health detection and surv eillance for a
global system is therefore not just altruistic; it strengthens
and stabilizes U.S. deployed military and foreign interests as
well as pre vents destabilizing epidemics that could ne ga-
tively impact on U.S. interests and allies. Contrib uting to a
global surveillance standard provides monitoring for mitiga-
tion planning and provides support by reducing risk through
effective surveillance to foreign populations and economies.
Detection and surveillance systems can reduce the risk of
effective biological w arfare and terrorism and reduce the
threat to the U.S. national security and economy. 

The International Organization for Standardization (ISO)
and the International Electro-T echnical Commission (IEC)
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created a Joint Technical Committee on Information
Technology (ISO/IEC JTC1) in 1998. The JTC1
Information Technology Sub-Committee 17 (SC17) has the
responsibility for de veloping standards for identif ication
cards and personal identification technology to include bio-
metrics (23). Bar-code scanning as a medical standard for
medication logistics and dispensing is being presented to the
Food and Drug Administration (FDA) (24). It could assist
with medical error reduction and pro vide a candidate tech-
nology for global data use and for NEDSS. If used in a
matrix format such as the PDF-417, it could also pro vide
portable database storage for patients. 

Identification codes such as bar-code technology are cur-
rently a data standard under ISO and commonly used for
global merchandise tracking. The Automatic Identification
and Data Capture (AIDC) is a global trade association for
commercial companies and pro viders of identif ication and
data technology. Data standards that offer great promise are
multidimensional bar-code matrix, data-rich technology-
enabled cards (magnetic stripe, “smart” card, contactless
card, optical card), embedded biometric, and the Radio
Frequency Identification (RFID) wireless data collection
capability (25). 

The lead for DoD research and de velopment is the
Defense Advanced Research Projects Agency (DARPA). It
is tasked with managing basic and applied research and
development for the next generation war fighter. One of the
DARPA projects is the Bio-Surv eillance prototype systems
capable of detecting a co vert release of a biological
pathogen through monitoring and automated reporting of
current information technologies. The key to mitigating a
biological attack is early detection so the technology of Bio-
Surveillance could provide the capability to initiate pre ven-
tive medications and reduce numbers of casualties (26).

This increase in monitoring of nontraditional data
sources in animal health, behavioral indicators, and prediag-
nostic and diagnostic medical data will require sustained
effort and long-term funding. The Bio-Surveillance could
dramatically increase the ability to detect a clandestine bio-
logical warfare attack for early response (26).

The technical challenge is to correlate and inte grate
information derived from heterogeneous data sources (med-
ical, environmental, veterinary, agricultural, and personnel
identification) for de velopment of autonomous detection
algorithms while at the same time providing for privacy pro-
tection and patient confidentiality (26).

Other DARPA projects include the Tissue Based
Biosensors and Activity Detection Technology to detect a
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wide range of threats such as genetically engineered bacte-
ria and viruses or unknown emerging infectious agents. The
capability to use technology sensors inside of living systems
was pioneered in the field of invasive cardiology with pace-
makers but may have a new role inside living cells to detect
either nonspecific or specif ic agents in an en vironment. To
address the preexposure detection, discrimination, and identi-
fication of the threat requirement, DARPA is de veloping
detection systems as well as biological sensors that function
at the molecular level. Some of these use technology similar
to recently developed medical laboratory tests lik e the direct
fluorescent antibody test for Legionella pneumophila, the
organism that causes Le gionnaires’ disease. These technolo-
gies promise the capability for fluorescent reaction to chemi-
cal and biological agents that are highly sensiti ve and specif-
ic. At the molecular le vel of genes is another technology
called Triangulation for Genetic Evaluation of Risks (TIGER)
for the capability of detecting genetic differences or mutations
in the environment. This novel approach to biodetection could
yield benefits not only against the intentional development of
drug-resistant or more virulent biological agents b ut could
also have tremendous value in monitoring for normal biolog-
ical changes in the genes of pathogens such as in hospitals
with drug-resistant bacteria or for antigenic “shift” in influen-
za virus. Detection technology is a major direction with cur-
rent DARPA research and will provide an important piece of
the total surveillance picture (26).

With GEIS support, scientists at the Walter Reed Army
Institute of Research started de veloping the Electronic
Surveillance System for the Early Notif ication of
Community-based Epidemics (ESSENCE) in 1999.
ESSENCE is a clinically based application for syndromic sur-
veillance of daily outpatient encounters from o ver 300 U.S.
military treatment f acilities (MTFs) around the w orld. It
uses the clinic or facility location, date, and ICD-9 codes to
provide a mapping system (27) similar to John Snow’s orig-
inal work in epidemiology. 

Real-Time Outbreak and Disease Surveillance (RODS) is
an open source public health surveillance project that result-
ed from the academic collaboration of hospitals, founda-
tions, and public health industries. It is based on ICD-9
billing codes and intended to be used by health departments
or urban regions for surveillance of common disease trends.
It is written in Ja va hardware compatibility and do wnload-
able for noncommercial use (28). 

Most experts agree the legacy coding for medical billing is
not nearly rob ust enough to support data spectrum for the
symptom and early disease detection or monitoring necessary

TABLE 30-3    Selected Commercial Tools in 2002

TOOL COMPANY URL

BASIICS Health Hero Network, Inc. http://www.healthhero.com/
RSVP Sandia National Labs http://www.sandia.gov/
SURVEIL DSHI Systems, Inc. http://www.dshisystems.com/?mt=2&st=3
RedBat ICPA, Inc. http://www.icpa.net/SoftwareProd.htm#redbat
LEADERS IDAHO Technology, Inc. http://www.armytechnology.com/contractors/nbc/idaho/

http://www.healthhero.com/
http://www.sandia.gov/
http://www.dshisystems.com/?mt=2&st=3
http://www.icpa.net/SoftwareProd.htm#redbat
http://www.armytechnology.com/contractors/nbc/idaho/


Figure 30–1. Detection and predic-
tion are the two major components
of a simple surveillance system. The
difference between a primitive sur-
veillance system used since the 19th
century and an advanced technology
enhanced surveillance system is the
ability to enable integrated informa-
tion networked using precognitive
technology. Precognition in 
surveillance-predictive architecture
depends on synchronous rather than
asynchronous information technolo-
gy. The advanced prediction synchro-
nous technology achieves real-time
analysis for current and future
surveillance.

for an adequate surv eillance system. The National Library
of Medicine endorses the Unif ied Medical Language
System (UMLS) for moving one medical coding system into
a compiled and compatible v ersion of another . The most
robust of the medical coding systems that covers human and
animal disease, etiology, pathology, laboratory, and treat-
ment is the Systematized Nomenclature of Medicine
(SNOMED-CT) (29). This multiaxial database of disease,
etiology, associations, and conditions has now a robust con-
cept and relationship architecture that links “symptoms, ”
“physical findings,” “environmental conditions,” “geogra-
phy,” “preventions,” and “diagnostic tests” to “diseases” and
“potential treatments” (30). However, the more robust and
comprehensive any data diction system for surveillance, the
more likely the violation of patient pri vacy. The Health
Insurance Portability and Accountability Act (HIPAA) sets
new standards for electronic medical data and records.
Recently efforts directed to integration of billing codes, clin-
ical terminologies, and robust medical data structure lik e
SNOMED-CT offer some of our best hopes for a functional
NEDSS capability. 

Because all pathology laboratories in accredited hospitals
across the United States currently use SNOMED to report
the incidence of diagnoses, a SNOMED-CT-enabled health
care and information system could provide surveillance over
symptom complexes, disease diagnoses, laboratory findings,
vaccines, and treatments for virtually an y location in the
world. Research efforts to use SNOMED-CT to encode clin-
ical information contained in electronic medical records and
references to organize symptoms, physical findings, possi-
ble diagnoses, and medical planning as part of a military and
DoD research program sho w that it can pro vide the neces-
sary capability to identify and respond to bioterrorism
events in a real-time modality (31).

Surveillance involves the detection of critical points:
areas under direct threat of disease such as federal, DoD,
state, and public areas; border crossings for personnel and
shipping and receiving areas; agricultural areas to include
food, soil, and watershed resources; and the monitoring for
activity in other countries worldwide. Surveillance resource
deployment should then be implemented and maintained at
these critical points, with planned surveillance frequency
to detect clinical/pathological signs, serology conversions,
and identification of infectious causative agents under nor-
mal and heightened alarm conditions. The frequency of
surveillance at these critical points must be determined by
the risk at each point. Financial constraints and predeploy-
ment testing of surv eillance systems will also be a major
determinant of the capability, frequency, and effectiveness
of such systems.

The Internet’s communication technology uses routing
computers (routers) to maintain a mapping of the f astest
route for information pack ets to travel around the w orld in
under several hundred milliseconds or less. Computer engi-
neers design networks to avoid system fragility: “A common
goal that designers of comple x systems strive for is robust-
ness. Robustness is the ability of a system to continue to
operate correctly across a wide range of operational condi-
tions, and to fail gracefully outside of that range” (32). This
design of a robust complex that anticipates the scale of oper-
ations demanded to avoid failure is defined as “precognitive
technology.”

In reality, precognition, or the “knowing of what is going
to happen” based on scientific facts confirming hypotheses,
provides the basis for distinction between modern science
and the magic and alchemy that abounded during the Middle
Ages. Automated detection and archival systems using syn-
chronous distributed database netw orks as the technical
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architecture achieves information access, precognition that
supersedes current understanding of enhanced information
systems (33). This relationship is sho wn in Fig. 30-1 and
illustrates how the integrated technology supports precogni-
tive surveillance. Not only does synchronous technology
provide the architecture for real-time predictive models and
the basis for proacti ve decisions and plans, it allows for
early surveillance actions. This chapter has pro vided the
essentials for detection, prediction, and surveillance under-
standing and a platform to assimilate the requirements for a
technology architecture. The definition of surveillance must
therefore include both a def ined role for detection and pre-
diction, using data standards and technology to achie ve a
robust precognitive surveillance across the global spectrum
of operations. 

Detection and prediction technology requirements for
surveillance, with other requirements for implementation,
characterize a road map for future in vestment and research
to meet the public health challenge on a global scale.
Incorporation of deplo yment and operations requirements,
such as personnel training and logistical support of technol-
ogy, are essential to achieve a final robust surveillance sys-
tem. Recognizing the current def icits in our surv eillance
system and the essential components needed to achie ve a
fail-safe system using adv anced information system tech-
nology and standards is a critical step. Achieving global sur-
veillance will be a signif icant milestone in human history
that if not achie ved within this generation could result in
detrimental change af fecting the dominant species on this
planet (Fig. 30-2).
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management of terrorist events than to be able to communi-
cate effectively. The reasons for effective communication are
legion. Citizens must be able to call for help. Dispatch agen-
cies must have the capability to immediately send appropri-
ate responding personnel, vehicles, and equipment to areas
of concern. Responding personnel need the ability to update
the agency’s dispatch center and leadership regarding the na-
ture of the problem and the potential or actual need to e x-
pand the scope of the response. In addition, they must be
able to convey their assessments of hazards that may repre-
sent terrorist acti vities and then to pass this on to other
community response organizations, such as hospitals; public
safety, public works, public health, and emergency manage-
ment agencies; and the military . Public safety agencies, in
turn, require a broad set of communications abilities to k eep
the scene as safe as possible for both responders and citizens. 

PREPAREDNESS ESSENTIALS: 
BASIC FEATURES

To best assist community planners responsible for optimiz-
ing available community resources, this chapter will lay out
the basic communication requirements for each agenc y
called upon to respond to a terrorist e vent. The design, im-
plementation, monitoring, and periodic redesign of equip-
ment, policies, protocols, and personnel will flo w from
these basic requirements and pro vide emergency response

Communications
Preparedness for
Terrorism
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INTRODUCTION

A terrorist event threatening life and property is perhaps one
of the most dreaded incidents that can befall a civilian popu-
lation. Preparedness is vital to the protection of the citizens
of a population to mitigate the potentially adv erse conse-
quences of such an action.  This chapter of The Medical Re-
sponse to Terrorism will set out the breadth of the need for
interagency communication in preparation for and during
terrorist events. By necessity, this discussion must be abbre-
viated, since a comprehensi ve discussion of all rele vant
areas of interagenc y communication w ould comprise se v-
eral volumes of text. However, this chapter will lay a foun-
dation in which a comprehensive plan can be constructed.

Communication allows people to w ork together on a
common task. It is the process whereby indi viduals and or-
ganizations figure out their roles and ho w they interface
with others to carry out the task at hand. Disasters place par-
ticular demands on interagenc y communication. In f act,
communication is often sited as the major problem in multi-
ple agency/multiple jurisdiction disaster response. Commu-
nication during a disaster pro vides for the assessment and
determination of se veral key aspects vital to interagenc y
management (Table 31-1).

No aspect of preparedness calls for greater attention to
detail than the ability of the various agencies involved in the
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organizations with a foundation upon which to e xpand. The
design of a communication plan for mitigation of a terrorist
event must have a number of basic features (Table 31-2).

Any given terrorist event will place specif ic populations
at risk in a gi ven geographic area, the mitigation of which
may require multimethod functionality, which is the re-
sponse and cooperation of multiple agencies. Thus, multi-
method functionality of any municipal communication sys-
tem is vital. The communication system de veloped by a
municipal area should be fle xible, integrating the informa-
tion pathways of many different agencies, though each may
have its own communication network. Public safety matters
must be dealt with. People may be injured, requiring field
triage, management, and transport. Hospital f acilities must
be put on notice, including the communication of an accu-
rate rapid assessment of their capabilities and current load
factors to appropriate agencies. The local, state, and/or fed-
eral emergency management agencies may require notice. A
need for public w orks (water, power, sewer, road mainte-
nance, etc.) to be placed on alert may also arise. Thus, ap-
propriate community planning for terrorist e vents must, of
necessity, provide for communications media that blend on
a moment-to-moment basis a poly-agenc y network of
providers from all areas of community response.

Inclusion is a basic feature of interagenc y communica-
tion. It is vital that all appropriate agencies be included in
the communications netw ork. Community planners must
enumerate the facilities available for response to events that
could affect their areas. Such planning requires the collec-
tive imagination of the members of all planning groups re-
sponsible for emergency preparedness. Entities at risk, such

as public gathering areas, mass transit, and public works fa-
cilities, require identification and assessment of their unique
vulnerabilities. Extrapolation of communication needs from
potential hazards, merged with current and anticipated
modes of information sharing that must tak e place during
events, will reveal an appropriate functionality of commu-
nity response to the planners.

Many jurisdictions ha ve studied these areas e xtensively.
The governor of Oregon in 1972, for example, established the
Oregon Emergency Response System (OERS). It w as de-
signed to manage the resources of the state during v arious
emergencies, including “natural and technological . . . and
civil unrest.” Its program includes a prospective, multijurisdic-
tional series of agreements between local, regional, and state
levels, as well as with the pri vate sector. OERS established a
“primary point of contact” through which any responding en-
tity would provide the state appropriate contact information
and an assessment of the emergency event, including requests
that must be forwarded to the state or federal go vernment (1).
OERS allows for a constant “state of readiness” of the state
communications network, including routine testing and moni-
toring of available equipment and systems. This is an excellent
example of a state-led ef fort to examine the needs of the citi-
zenry within that governmental limit and provide a network of
communications through prospective planning. However, ap-
propriate limitations are highlighted in the Ore gon Quick Re-
sponse Report #149, which found that only 39% of representa-
tives of responding agencies w ould be notif ied of the
establishment and activation of an Emer gency Communica-
tions Center (2). Clearly this state plan, at the time of that pub-
lication, had more work to do in developing an adequate noti-
fication system that would notify the appropriate agencies of a
potential event. An important take-home message to commu-
nity, regional, and state planners is the need for continuous
monitoring of the readiness of on-call personnel. Communica-
tions systems must be hardened to withstand the impact of ter-
rorist events. It is within the realm of imagination that attempts
to injure a population might tar get the various communica-
tions agencies serving that population. The 911 call-taking
centers and dispatch facilities must be reasonably prepared to
withstand adverse events, including possible physical attacks.
Precedent exists for such efforts. For example, the San Ramon
Valley Fire Protection District in California has pro vided for
the site hardening of one of its stations and its administration
building, which is equipped with food, water, and emergency
power so that it may serve as a principle emergency operations
center for the municipalities that it serv es. Thus, it may be
strongly suggested both by reason and by precedent that ade-
quate community protection includes an a wareness of poten-
tial damage or destruction of central call-taking and dispatch-
ing agencies and the prudent securing of these f acilities. In
addition to hardening of the central call-taking and dispatch-
ing areas, redundant systems must be a vailable to assume
some or all of these responsibilities, should the central facility
be damaged.

One potential method for technologically hardening a
municipality’s central facility is to arrange for neighboring
agencies to share communication responsibilities should
the given municipality’s system be damaged. Another hard-
ening possibility is the utilization of the Radio Amateur
Civil Emergency Service, or RACES, under a standing pro-
tocol from the f ire chief or other authorized agent of the

TABLE 31-2   Interagency Communication:
Basic Features

• Response and cooperation of multiple agencies 
(multimethod functionality)

• Inclusion of all agencies involved in event mitigation
• Hardening
• Simplicity 
• Continuous functionality

TABLE 31-1   Interagency Communication: Key
Areas During a Disaster

• An ongoing assessment of what the disaster situation is,
including an assessment of potential danger to responders

• An ongoing assessment of what resources are necessary
to respond to the disaster, what resources are immediately
available, and how and when others can be obtained

• A determination of the priority of needed resources
• A determination of what individuals and organizations

will be responsible for and the different response measures

Source: Aufderheide, E. Disaster response principles of preparation
and coordination. Mosby; 1989. Chapter 5, p. 3.
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community. RACES could be used to contact a neighboring
fire department or appropriate emer gency management
agency, to activate mutual aid, alert surrounding hospital fa-
cilities, and/or contact the v ertical governmental structure,
including notifying the state or federal governments for mil-
itary assistance. Thus, limitations of community b udgets
need not place undue constraints on the capacity of an area
or region to maintain hardened communications abilities,
thus providing continual multiagency connection during the
evolution of a hostile event against a community.

The value of simplicity in design and coordination of
multiagency communication cannot be overemphasized. In
the second section of this chapter , significant emphasis is
placed on the potential for adv erse outcomes when intera-
gency communication is not part of community planning.
Indeed, substantial information may be a vailable to one
agency that may affect the welfare of other responders, but
without adequate planning for communication of that infor-
mation, needless harm may fall to others responding to the
event. Thus, it is stressed herein that barriers to interagency
communication must be broken down at the drawing board.
Egos must be sacrif iced to the greater good of the citizens
and the responders. The breadth of the commitment of pub-
lic and private facilities appointed to plan for the common
protection of citizens and responders must be a uniform
agreement to bypass unnecessary interagency conflicts.

Emergency response systems ha ve a common element,
namely the requirement that these hardened systems ha ve
continuous functionality, defined as being available 24 hours
a day, 7 days a week. EMS and fire agencies, as well as pub-
lic safety entities, have maintained such accessibility to the
public since their early days. This allows these groups to re-
spond to emer gencies with the appropriate resources in
prompt order. Indeed, responders have arrived at the scene of
explosions and bombings so rapidly that significant numbers
of fatalities have occurred in the ranks of the responders
themselves due to secondary e xplosive devices specifically
targeted against them and timed to detonate just as they were
staging or initiating patient triage.

These basic features are essential to interagency commu-
nications and can be demonstrated in man y ways. Public
health agencies must be included in the community plan-
ning for terrorist incidents such as biohazard releases. Pub-
lic health agencies, for example, have significant control
over the a vailability of vaccine supplies. If these supplies
cannot be made a vailable promptly to initiate widespread
community immunization in accordance with community-
wide plans, it could be reasonably predicted that the number
of casualties might be greater; therefore, including public
health agencies early in interagency planning is essential.

Interagency planning for community response to an epi-
demic of an especially deadly agent such as smallpox or
perhaps the agent causing the Se vere Acute Respiratory
Syndrome (SARS) virus requires careful attention by com-
munity planners. For example, should the index case in the
setting of a smallpox outbreak occur in an apartment com-
plex, it may be necessary to exercise authority that limits the
freedom of individuals, who either are already becoming ill
or who have been exposed. The term “isolation” applies to
the removal from public contact of those who are already ill,
whereas the term “quarantine” applies to the removal from
public contact of an individual who has been exposed, but is

not yet ill. Preparation for either of these restraints on per-
sonal freedom requires a broad community agreement and
prior education of the citizens as to what actions must be
taken by agency officials in the event of such an outbreak.

To provide sufficient powers to allow for the isolation or
quarantine of appropriate individuals, the United States Code
Section 264, which is found in Section 361 of the Public
Health Service Act, provides the Secretary of Health and
Human Services with the duty to stop “the introduction,
transmission, and spread of communicable diseases from
foreign countries into the United States and within the
United States and its territories/possessions” (3). This law
comes under the ae gis of regulations found in the 42 CFR
Parts 70 and 71. Under its dele gated authority, “the CDC is
empowered to detain, medically examine, or conditionally
release individuals suspected of carrying a communicable
disease.” This regulation further states that “in the e vent a
passenger infected with SARS were to arri ve in the United
States on board an international flight, the Executive Order
provides HHS with clear le gal authority to detain or isolate
the non-compliant passenger and prevent the passenger from
infecting others. This authority would only be used if some-
one posed a threat to public health and refused to cooperate
with a voluntary request” (3). To provide such detainment,
isolation, or quarantine in real time, a carefully thought-out
community plan of cooperation between hospitals, public
health officers, and public safety personnel is necessary. For
example, if an index case were found to have exposed a sig-
nificant number of persons at a sporting e vent, then the
tracking and isolation of persons at risk of becoming ill, as
well as exposing additional persons, would truly present a
substantial problem for an y community. Sufficient planning
requires the collective cooperation and imaginations of com-
munity agencies. It is useful to comment at this point that the
use of quarantine in the United States is a po wer that has
been used rarely. Indeed, again from the CDC, “The last liti-
gated case involving the involuntary quarantine of a passen-
ger arriving into the United States occurred in 1963 and in-
volved a suspect case of smallpox. On the other hand, CDC
routinely temporarily detains incoming planes and inter-
views passengers for health reasons. For example, CDC tem-
porarily detained an incoming plane and interviewed passen-
gers in Seattle in December 2001 to v erify that a report of
smallpox aboard the flight was in fact a hoax” (3).

PREPAREDNESS ESSENTIALS:
SYNDROMIC SURVEILLANCE

The medical response to terrorism involves gathering infor-
mation from a wide variety of health care providers and fa-
cilities in a timely fashion. The earliest possible warning to
a community at risk of a terrorist e vent is essential. Public
service agencies in communities regularly receive vital data
that, when submitted to analysis, can reveal patterns in the
“background noise” of day-to-day life which might other-
wise be undetected. In application to public health, this is
referred to as syndromic surveillance, or the ability to detect
diseases demonstrating a risk to the public health through
patterns of illness recognition in a gi ven area. Syndromic
surveillance is not a new process. It has been used for gener-
ations by public health officers to determine if communities
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are at risk through incidences of disease cases being
reported. It is possible to use automated computer -aided
techniques to filter through incoming information to public
service agencies, such as 911 dispatch centers. However, the
practices of physicians and community support services is
now amplified by using computers to analyze cases reported
to many 911 agencies or presenting to many emergency de-
partments across the United States, indeed providing auto-
mated syndromic surveillance of these reports. The reports
produced by such enhancements to the information systems
of these agencies can provide for immediate data linking to
area epidemiologists on an automated basis, with this data
automatically falling within federal information-sharing
guidelines. Information that can be sent includes patient de-
mographics, the type of clinical problem, and the findings
from specific clinical data points, focused by the patients’
postal codes. However, again according to the CDC, “syn-
dromic surveillance will be affected by the selection of data
sources, timeliness of information management, definition
of syndrome cate gories, selection of statistical detection
thresholds, availability of resources for follo w-up, recent
experience with false alarms, and criteria for initiating in-
vestigations” (4). Finally, recent work with computerized
Emergency Medical Services (EMS) medical record cre-
ation has indicated that the field computers can instantly up-
date the central data server regarding the chief complaints of
patients presenting in the f ield. Thus, even the medical
record data server can serve a useful role in the gathering of
data useful in syndromic surveillance.

Community syndromic surveillance may also reveal unex-
pected results, such as Edw ards, Stout, and Overton found
when monitoring the 911 dispatch using electronic syndromic
surveillance from the 911 Computer-Aided Dispatch during a
recent marathon through Richmond. Man y cases of “acute
shortness of breath,” were identified by the software, and the
trend was noted exactly along the route of the race (5).

PREPAREDNESS ESSENTIALS

INTERPERSONAL COMMUNICATION

As important as the technologic challenges with communi-
cation are, the human factors of interpersonal communica-
tion may be more important. This section addresses the im-
portance of the people aspects of communication, general
areas that demonstrate problems in disaster-related commu-
nication, and suggested solutions (Table 31-3).

Organizations that typically act on their own often fail to
change their approach when multiple or ganizations are in-
volved. Such organizations give priority to their internal in-
formation needs rather than the overall response effort. This
autonomous behavior is exaggerated by interagency territo-
rialism and rivalry.

Preincident planning is k ey to ef fective communication
during a disaster . Individual organizational roles and ho w
they “interdigitate” with other or ganizations’ roles are
spelled out in advance. These roles are formalized in statutes
and charters. They are operationalized through standard op-
erating procedures and are meshed under a jurisdiction’ s
Comprehensive Emergency Management Plan (CEMP). A
CEMP ensures that an appropriate agenc y is assigned re-
sponsibility for every important function in the plan and de-
fines the roles and responsibilities of each agenc y under dif-
ferent scenarios.

Joint training across agencies and jurisdictions is neces-
sary to understand or ganizations’ respective roles and ho w
they interface with one another . An example played out in
many communities is the decontamination of chemically
contaminated patients. Is there a role for EMS (such as
triage and administration of antidotes) in the w arm zone?
Assuming that some, if not the majority of, patients will ar-
rive at the hospital having bypassed the fire department and
EMS in the f ield, how will decontamination be carried out
at the hospital?

Plans and training are tested in multiagenc y, multijuris-
dictional exercises. On a local le vel, exercises test relation-
ships between different agencies and neighboring jurisdic-
tions. They must also look at the interf ace of local agencies
with regional, state, and federal resources. Open, honest
“after action evaluations” postdrills and actual disasters are
often difficult for agencies to participate in b ut are ab-
solutely necessary if plans are to adapt, change, and im-
prove. At times such critiques may need the help of outside
facilitation.

Formal organizational roles need buy-in and stewardship
from agency leaders and secondary leaders as well as the
rank and file. Local political leadership must understand the
community’s disaster response plan and play an acti ve part
in clarifying roles and resolving disputes.

Cross-agency planning, training, and drilling b uild
awareness of others’ roles, how they operate, and what their
needs are. They build familiarity—both individual and orga-
nizational. They build trust in individual and organizational
competences and reliability. Finally, they build mutual re-
spect for other organizations’ contributions. 

In many communities, local emergency management
plays the vital role of coordinating disaster response both in
the preincident phase and during the disaster itself. A major
part of that coordination is communication.

Inadequate command and control authority delineation is
a common and serious limitation to ef fective communication
and scene management. California f ire services created the
Incident Command System (ICS) in the 1960s to enable mu-
tual-aid fire companies to w ork together more ef fectively
after a series of urban/wildland interface fires in Los Angeles.
ICS has since been adopted by public safety agencies and
other organizations nationally. Under ICS, a lead agency is
determined. Fire is the lead agency at fires, hazardous materi-
als, and building collapses; public health is the lead agenc y
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TABLE 31-3   Interpersonal Communication:
Focus Areas

• Autonomous behavior
• Inadequate command and control authority delineation
• Inadequate fixed and mobile command and control 

structures 
• Agency-specific jargon or radio transmission codes
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during infectious disease outbreaks, law enforcement is the
lead agency at crime scenes, and so on. The lead agency pro-
vides the incident commander (IC) who w orks collabora-
tively in a unif ied command structure consisting of senior
representatives from each of the responding agencies.

Establishing and maintaining this collaboration is easier
said than done. Or ganizational representatives have to join
forces. The nature of an incident, as well as changes in that
nature over time, creates questions as to who is in char ge at
what time. Additionally, how collaborative is the incident
commander—is it really unified command? 

Inadequate fixed and mobile command and control struc-
tures often leads to poor communication and a potentially
negative impact on incident management. A fundamental re-
quirement for interagenc y communication is proximity of
different agencies’ leadership to share information on an on-
going basis and together plan a response during disasters. At
the incident, this is called the command post. Off-site this is
termed the emergency operations center (EOC). The com-
mand post coordinates incident operations. The EOC looks
at the lar ger picture, providing support for the incident
while coordinating with other local assets and re gional and
federal resources. While part of the composition of com-
mand posts and EOCs is technologic, an equally important
part is human. Agencies must agree to send senior, decision-
making representatives to meet and work together.

Agency-specific jargon or radio transmission codes can
be a limitation to ef fective incident management. Terminol-
ogy and procedures used to communicate vary among differ-
ent organizations. Many police, fire, and ambulance services
use radio codes for communication. These codes may v ary
from agency to agency making interagency communication
difficult. To enhance interagenc y communication, many
agencies are abandoning codes in f avor of plain English
(“clear text” or “clear speech”). Agencies sharing radio fre-
quencies must avoid “stepping” on one another and congest-
ing radio traffic. Interagency command channels must be es-
tablished. Incident frequencies must be agreed upon. Backup
means of communication need to be in place. Alternative
means of communicating such as mobile data terminals help
reduce radio traffic during disasters.

HOSPITAL CONSIDERATIONS
IN INTERAGENCY COMMUNICATION 

The vital role that hospitals play in community emer gency
preparedness has been receiving increased attention in recent
years (6). Experience gained from the Oklahoma City bomb-
ing, the Tokyo subway sarin attack, and the 2001 attack on the
World Trade Center indicates that in the event of a large-scale
terrorist incident, many, if not the majority, of casualties may
arrive at local hospitals by means other than EMS. Because
local fire, EMS, and law enforcement personnel may be too
occupied with the incident to come to their aid, hospitals
should be prepared to dra w on their o wn resources to mount
an effective response (7). Hospital personnel may ha ve to de-
contaminate large numbers of patients if indicated, perform
rapid triage and patient care, maintain adequate supplies of
pharmaceuticals and equipment, track patients, preserve the
confidentiality of patient information, address security issues,
and interface with the media, while also handling the normal

patient load unrelated to the immediate incident. Despite this
increased emphasis placed on hospital self-reliance, when
faced with a local, regional, or national terrorist incident,
hospitals will have to maintain effective lines of communica-
tion with other hospitals as well as local, state, and federal
agencies (8). There are many reasons for this. If one hospital
is being overwhelmed with patients, or if the hospital itself
has been the target of a terrorist attack, it may be necessary
to transfer patients, staff, or supplies from one hospital to an-
other. For this to occur , a large number of amb ulances or
other means of transportation would be required. Both facili-
ties would have to track patients and supplies carefully. Cre-
dentialing medical personnel sent to work in the other hospi-
tal would have to be addressed. Finally , how to pay for the
operation must be determined. This process would be easier
if such transfers were made between member hospitals of a
larger health system. However, regardless of the scenario, a
reliable communications system to maintain the flo w of in-
formation would be critical. Rather than attempting to solv e
communications problems in the heat of the crisis, such is-
sues must be addressed in advance through careful planning.

In the event of a terrorist incident, hospitals may need to
communicate with the local agenc y leading the response to
the crisis. This may be a f ire or law enforcement agency or
may be the municipal government. In many cases, a local or
regional EOC may be acti vated and staf fed by personnel
from all responding agencies. If this is the case, hospitals
must be able to communicate with the EOC to determine the
status of the crisis and what may be expected of them.

Hospitals must be able to communicate with the local
EMS system, relaying such important information as their
availability of beds and other resources and ho w many pa-
tients of v arying levels of acuity their inpatients services
and emergency departments can handle, including both iso-
lation and intensi ve care unit beds that may be a vailable.
This is also true of hospitals with specialized capabilities,
such as burn centers, trauma centers, pediatric hospitals, or
those with toxicology services. Such information will allow
the EMS system to distribute the patients they are transport-
ing in such a way that no one hospital receives an inordinate
proportion of the patients and those patients with special-
ized needs are transferred to the most appropriate facility. In
addition, medical command hospitals that pro vide online
medical command to ambulance services must still be able
to perform that function throughout the course of the inci-
dent. Depending on the nature of the incident, there may be
an increased need to treat and release patients at the scene or
to deviate in some w ay from the ambulance service’s stan-
dard operating procedures. Input from medical command
physicians may be crucial in these cases.

In communities where EMS and fire suppression are per-
formed by separate agencies, hospitals may have to commu-
nicate with local fire personnel for actual fire suppression in
the facility or for guidance with the management of patients
exposed to potentially hazardous agents, such as nerv e
agents or vesicants. Such information may also be obtained
from local or regional poison control centers.

Hospitals responding to terrorist incidents in volving a
biological agent would have very different communications
needs. The time frame of the response w ould be o ver a
matter of days or weeks, rather than minutes or hours. Hos-
pitals would have to be able to communicate with local
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public health of ficials regarding appropriate patient care
and the need for mass vaccination of employees or the pub-
lic. At the same time, the hospitals could convey the num-
bers of patients their emer gency departments are seeing as
well as their presenting symptoms and presumpti ve diag-
noses. This would help public health agencies to identify
the sentinel case or cases and, through ongoing surv eil-
lance, monitor the progression of the disease outbreak
(9,10). The development of a Web-based regional surveil-
lance system w ould be one w ay to f acilitate information
transfer. For such a system to be ef fective, multiple hospi-
tals would have to be involved. Issues of compliance with
Health Insurance Portability and Accountability Act, the lo-
cation of the data warehouse, who would analyze the data,
and funding would have to be addressed. Designating the
local public health department as the lead agenc y in such
an endeavor may help to resolve some of these issues (11).
While the likelihood of a systemic communication f ailure
would be small in this scenario, an effective way to convey
a large amount of clinical data from hospitals to public
health officials in as close to real time as possible w ould
have to be de veloped. The confidentiality of patient infor-
mation must be guaranteed. Finally, the impact of this sys-
tem on day-to-day hospital operations w ould have to be
minimized.

In the course of the response to a terrorist incident, hos-
pitals may rapidly deplete their available supplies, including
pharmaceuticals. Rather than maintaining lar ge inventories
of pharmaceuticals and other needed material on-site, in re-
cent years hospitals have moved to the practice of stocking
smaller inventories that are replenished every few days from
contracted companies. If these supplies are e xhausted, hos-
pitals would need a reliable means of communicating with
local vendors to replenish their stock rapidly . If the tradi-
tional means of communication between hospital and v en-
dor were disrupted, a backup system would have to be used
to ensure that needed supplies are delivered.

An ongoing dialogue between hospitals and the media
may be necessary during the course of the response to a ter-
rorist incident. If casualties arri ve at a hospital, the media
would not be far behind with inquiries about the number of
patients and their medical condition. Hospital administra-
tion must have a means of conveying a clear and consistent
message to the media, and thereby to the public. This could
also be a good time for medical personnel to educate the
public on the nature of the threat and the steps that can be
taken to mitigate the threat. Finally , any hospital, receiving
patients from a terrorist incident should be prepared for on-
going interaction with local, state, or federal law enforce-
ment agencies. The Federal Bureau of Investigation (FBI) is
the law enforcement agency with the ultimate responsibility
for responding to a terrorist incident. Ho wever, local and
state law enforcement agencies w ould be in variably in-
volved as well. In the event of disruption of the usual means
of communications, hospitals must have alternative means
of communicating with these agencies.

The need for hospitals to ha ve reliable communications
during a response to a terrorist incident is apparent. Hospi-
tals have responded to this need in a variety of ways over the
past few years. A recent survey of thirty emergency depart-
ment directors and nurse managers reported that all of their
facilities had de veloped communication systems based on

telephone lines or radios for use in disasters. All of these in-
dividuals, in addition, had call-out systems using telephone
call lists or paging systems (12). 

PREPAREDNESS HISTORIC EVENTS 
AND CASE HISTORIES

The September 11, 2001, terrorist attack on the World Trade
Center uncovered major problems with the “people” aspect
of interagency communication during disasters in New York
City. Partly because of preincident planning, training and
drilling, the Washington area’s interagency communication
during the response to the terrorist attack on the Pentagon
was overall successful.

Minutes after the South Tower collapsed at the World
Trade Center, police helicopters hovered near the remaining
tower to check on its condition. “About 15 floors down from
the top, it looks like it’s glowing red,” the pilot of one heli-
copter, Aviation 14, radioed at 10:07 A.M. “It’s inevitable.”
Seconds later another pilot reported: “I don’t think this has
too much longer to go. I w ould evacuate all people within
the area of that second building.”

Those clear w arnings, captured on police radio tapes,
were transmitted 21 minutes before the building fell, and of-
ficials say the y were relayed to police of ficers, most of
whom managed to escape. Yet most firefighters never heard
those warnings, or earlier warnings, to get out. Their radio
systems failed frequently that morning. Even if the network
had been reliable, it was not linked to the police system. The
police and fire commanders guiding the rescue effort did not
talk to one another during the crisis. Cut off from critical in-
formation, at least 121 firefighters, most in striking distance
of safety, died when the North Tower fell (13).

Long-standing interagency turf battles between the Ne w
York City Police Department (NYPD) and the Ne w York
City Fire Department (FDNY) and between the commission-
ers heading NYPD and Ne w York City’s Office of Emer-
gency Management (OEM—the local agenc y charged with
coordinating disaster response) made the lack of communi-
cation seen at the World Trade Center predictable (14). In
retrospect, New York City had held only one interagency dis-
aster drill in the 18 months leading up to the September 11
attack, and that was a table top exercise, not a field one (14).

No common command post was established (15), and no
senior NYPD representative was sent to the FDNY incident
command post. The failure of the NYPD surv eillance heli-
copter to warn FDNY of the North Tower’s imminent col-
lapse would have been avoided were the helicopter to ha ve
had on board an FDNY representati ve. On paper, that had
been the formal agreement since 1993. No common radio
frequency was shared between the agencies (15). OEM
Commissioner Hauer had devised an 800-MHz radio system
for interagency communication, but no agreement to use the
system had been reached. On 9/11 the previously distributed
radios sat idle.

The McKinsey after action report on the World Trade
Center noted the following additional NYPD communication
weaknesses: aviation units, intelligence, and detectives re-
sponded quickly but were not well coordinated; there w as



minimal intelligence sharing between local and federal agen-
cies; there was a lack of incident reporting and documenta-
tion; no clearinghouse for distilling, correcting, and dissemi-
nating accurate information to responders was set up; regular
briefings did not occur throughout the e vent; and there w as
little command or disaster response training for NYPD lead-
ers after Captain school (16). 

The McKinsey critique describes congestion on EMS
radio frequencies and EMS dispatchers who were too o ver-
whelmed to be able to synthesize information and dissemi-
nate it effectively. A message from a distraught caller on the
105 floor of the South tower said at 9:37 A.M. that the “90th
something” floor had collapsed. Although the message got
through to police, it never made it to f ire before the South
Tower collapsed at 9:59.15 A.M.

As events unfolded in New York City, another aircraft took
aim at the Pentagon, located in Arlington County, Virginia.
The Arlington County Fire Department witnessed the impact
and notified the Arlington Emergency Communications Cen-
ter (ECC). The ECC in turn invoked the Greater Metropolitan
Washington Area Police and Fire/Rescue Services Mutual
Aid Plan (COG Mutual Aid Plan) and the Northern Virginia
Mutual Aid (NOVA) agreement and contacted surrounding
jurisdictions to request mutual aid. More than 50 agencies re-
sponded (17). 

Interoperability planning in Metropolitan Washington,
D.C., began with the crash of Air Florida in January 1982 (18).
This planning resulted in “interagency operational agreements
that allowed responders from one jurisdiction to operate on the
other area public safety radio systems” (18). By the mid-
1990s, these agreements had been incorporated into the North-
ern Virginia Truncated Mutual Aid Agreement (NVTMA),
which resulted in the majority of northern Virginia agencies
using compatible 800 MHz trunking technologies” (18). Be-
cause of existing mutual-aid agreements, the majority of the
first responders to the Pentagon had Arlington County’s radio
frequencies preprogrammed into their portable radio equip-
ment. They were able to switch to the designated frequenc y
and communicate directly with the Arlington County dis-
patchers and the on-scene incident commander (18).

The COG Mutual Aid Plan and the NOVA agreement ad-
dressed more than compatibility of radio frequencies. They
also described procedures for requesting assistance and, via
the ICS, accountability for issuing and obe ying orders.
COG and NOVA called for the elimination of signals and
codes in favor of clear text messages (17). The NVTMA es-
tablished talk groups, common standard operating proce-
dures for radio operators, and protocols for directing out-of-
jurisdiction units (17).

“Finally it is difficult to overstate the value of personal re-
lationships formed and nurtured among k ey players long be-
fore the Pentagon attack. Chief Plaugher served in the Fairfax
County Fire and Rescue Department for 24 years before
moving to Arlington. Chief Tom Hawkins of Alexandria
spent 15 years with Arlington County. Chief Bro wn of
Loudin County is a F airfax alumnus. One of Special Agent
Combs’ jobs with the FBI NCRS was to establish and main-
tain close w orking relationships with the re gional fire and
rescue departments. His relationship with Chief Schw artz
was well established before September 11. The list of benefi-
cial personal relationships e xtended throughout the ranks.
Firefighters from neighboring jurisdictions had often worked

and trained together , which built valuable trust and conf i-
dence” (19).

There were, of course, problems with the Pentagon re-
sponse as well. As the number of state and federal agencies
at the Pentagon increased, interoperability presented ne w
challenges. No means of direct interoperability w as avail-
able to those secondary responders (19). Ambient noise
made it hard to talk on the radio. Earpieces might ha ve di-
minished that noise. In the f irst few hours, cellular phones
did not w ork well. Public Safety cellular priority service
was not in place. Nextel telephones with two-way radio ca-
pability were somewhat more reliable. Bullhorns were used
for evacuation instructions. At times foot messengers were
the most reliable form of communication. Pagers seemed to
be the most reliable means of personnel recall, but most
firefighters didn’t have pagers (19).

Many surviving victims reported to the Pentagon’ s
DiLorenzo Tricare Health Clinic (DTHC), located away
from the west side of the building, which is the side that had
been struck. The DTHC did not transmit patient disposition
information to the EMS Control. Triage, treatment, and
transport activities at the DTHC were not coordinated with
EMS Control (19). No designated clearinghouse hospital
was identified. Thus, communication around patient treat-
ment and disposition between EMS Control at the incident
site and area hospitals was deficient (19). Arlington County
EMS units are not equipped with mobile data terminals.
This technology would have allowed better communication
with EMS Control without congesting radio traffic (19).

Arlington County does not have a facility specifically de-
signed and equipped to support the emergency management
functions specified in the CEMP. The conference room cur-
rently used as the EOC does not have adequate space and is
not configured or properly equipped for that role. The
ACFD does not have a mobile command vehicle. During the
Pentagon attack it had to rely on vehicles belonging to other
agencies (19).

PREPAREDNESS CHECKLIST
TABLE AND SUMMARY

The breadth of the adv ance of civilization is submitted sig-
nificantly to re view in outline format by the community
services that define and support its citizens. Preparation for
the mitigation of deadly e vents that may be plotted against
the people mandates comprehensive research and the laying
of groundwork, which can guarantee the most optimal out-
come from whatever maladies may be cast upon the citizens
and their property. Equal to any other aspect of planning is
the need to def ine carefully the areas of interagenc y com-
munication that will allow for the exchange of data and sup-
port, providing therein the assurance that all of the efforts of
rescuers, public safety officers, medical providers, support
services, and the rest of those who participate in community
reinforcement can be measured to the mission as best as
possible given the available community resources.

Thus, herein presented were found some of the successes
and failures of communication from the ef forts of diverse
communities across the country during terrorist e vents that
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have befallen the country. Also, the framework requiring at-
tention by those who plan communication techniques on the
behalf of communities has been pro vided; this outline for
action will hopefully allow the user to see a bit more clearly
into the needs of the future.

Above all, it is vital that all players be brought to the de-
liberation table, with appropriate guidance and authoriza-
tion being applied by clear-minded leaders who examine the
experiences and information a vailable to date, borne upon
the beneficent stanchion of public and private funding. Only
through the thoughtful inclusion of all community cast
members whose duty it is to protect the public welf are can
the necessary resources be brought to bear and most accu-
rately applied during the tragic drama of distress.

RESOURCES

1. Medtronics “Medusa” EMS Medical Record Software,
released 2004, provides for syndromic surveillance
through a central data collection server which is main-
tained in real time. Web site: www.medtronics.com.

2. Einolf, D. HAZWOPER incident command: A manual
for emergency responders. Government Institutes Pub-
lisher; 1998.

3. American Medical Association Advanced, Basic, and
Core Disaster Life Support Courses.

4. Centers for Disease Control and Prevention, Emergency
Preparedness and Response. Web site: http://www.bt.cdc.
gov/. 

5. Radio Amateur Civil Emergency Service (RACES). Web
site: www.races.net.
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INTRODUCTION

The end of the Cold War and the breaking do wn of the
Berlin Wall ushered into the last decade of the last millen-
nium a brief sense of calm, creating a pervading feeling in
many that, indeed, perhaps peace was a delicate or ganism
that could indeed take root in the ne wly tilled spiritual soil
of nations around the w orld. Yet, within a few short years,
terrorist actions burst abundantly on a stunned w orld, from
the initial attempts to destro y the Ne w York World Trade
Center in 1993, to the nerve gas attacks in Tokyo, to the de-
struction of the Murrah Building in Oklahoma City, to name
but a few incidents.

These events have continued to escalate, as exemplified
by the September 11, 2001, World Trade Center and Penta-
gon destructions, to multiple attacks against the seat of gov-
ernment of the United States with bioterrorist agents, to the
horrible simultaneous destruction of four trains by ten de v-
astating explosions in Madrid, killing hundreds and wound-
ing almost 2,000 people. Indeed, suicide bombing appears
to be one of the methods of choice by determined terrorists,
rendering those who seek after and practice ci vil liberty at
risk of life or limb at their hands.

A terrorist event set against a citizenry could pose poten-
tially unforeseeable threats, and the availability of informa-
tion about the event transmitted through various communi-
cation media can ha ve a tremendous impact on the public.
Proper community and agenc y preparation against such
threats includes planning for security and a vailability of
communications methods including the various elements of
the media (1). This chapter provides reasons for communi-
cation in preparation for and during such e vents, examples
of how these interfaces occur, and lays out a framework for
planning for those organizations and individuals called on to
prepare or manage such events.

PREPAREDNESS ESSENTIALS 
AND HISTORIC EVENTS

THE BASIC ELEMENTS 
OF COMMUNICATION IN RESPONSE 
TO TERRORIST EVENTS

The basic elements of communication in response to terror-
ist events must be understood. F our broad areas of great
concern are identif ied for those or ganizations involved in
the preparation for handling terrorist e vents or in the actual
management of the event itself. Public service agencies that
actualize situation containment, as well as initial victim
management and mobilization, are important elements in ef-
fective communication during a terrorist e vent. Communi-
cations surrounding victim e valuation and care institutions
are responsible for the health care needs of those affected by
the incident. Well-defined protocols and responsibilities to
communicate the request for outside support be yond local
resources, such as military or other agencies, are vital. The
release of information to the media is a k ey element in ef-
fective communication during and surrounding a terrorism
incident (Table 32-1).

All responding providers have specific needs as well as re-
lated needs for the flo w of information re garding these
events. Related issues include obtaining resources for care of
victims and supplies for v arious purposes such as pro vider
protection, victim transportation, and containment of the
event. Unique needs include staging of the e vent on scene,
identifying the scope of the e vent, locating injured victims,
bringing additional resources to bear , or communicating to
the public for v arious reasons, including the pre vention of
further citizen exposure to the event. Some additional exam-
ples for prompt information flow include hospital notification
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and coordination, locating family members, dealing with the
“worried well” and the “w alking wounded” or for patients
with routine needs, and providing supplemental resources.
The list is, by necessity, incomplete.

The method(s) of communication during terrorist e vents
employ the routine channels utilized in day-to-day life (2).
The exceptions, of course, occur in the e vent of local re-
sources being supplemented by federal agencies such as the
FBI or the military, all outside the usual routine of munici-
palities. Such an e vent, though, may require a signif icant,
even massive, upscaling of the le vel of information being
transferred to various recipients. In the 9/11 bombing of the
World Trade Center, for example, a vast increase in traf fic
within the member agencies responding to the event, to out-
side agencies in calls for assistance, and to the media and
world at large flowed as a result of the event (3).

In the war on terrorism declared by President George W.
Bush in 2001, an essential part of the endea vor is found in
the increased requirements for communities to carefully ex-
amine and identify potential terrorism targets in their territo-
ries. Where possible, the potential for destruction of these
targets—or the risk of harm to citizens utilizing them—may
possibly be ameliorated by thoughtful planning. 

Large sporting events, for example, such as those held in
stadiums, present a huge potential as terrorist tar gets. Even
minor explosives or gas releases could trigger both initial
direct harm from the noxious agent as well as substantial
victims through panic. Careful adv ance thought about
crowd control methods that may help contain the spread of
panic and mass fleeing from the e vent would be essential.
However, it may be dif ficult to know what information is
appropriate to convey to a frightened crowd should a release
of a toxic agent occur, for example. It must be remembered
that well-meaning building control officials in the bombing
of the World Trade Centers announced o ver the public ad-
dress system that e vacuation was not necessary , leading
many people to return to or remain within the (alle ged)
safety of the b uildings that were soon to collapse. Thus
thinking about the basics of communications concerning
terrorist events naturally follows three basic paths: preven-
tion, management, and amelioration.

PREVENTING TERRORIST EVENTS
THROUGH COMMUNITY
COMMUNICATIONS PREPARATION

The issue of the preserv ation of personal liberty in the con-
text of providing the greatest good for the community has
perhaps never been more vital than no w. Community pre-
paredness, however, requires a heightened level of awareness

that begins with a frame work of alertness and communica-
tion (4). This foundation is formed by municipal agents and
involves citizens in a v ariety of w ays. For example, espe-
cially during times of heightened alert from the Department
of Homeland Security , increased screening of personal
items—even the screening of the indi viduals themselves—
entering into gathering areas, although onerous to some,
plays an important role in protecting the greater good. This
inspection is an element of the communication plan, requir-
ing prompt notification of the appropriate public safety agen-
cies in the event of positive identification of a hazard (5).

This requirement for communication methods for pre-
vention must be e xtrapolated across the community land-
scape: from stadiums to churches to f ire departments to
EMS agencies. Key people in gatherings must be identif ied
who can seamlessly interf ace with public safety , fire, and
EMS. Methods of communication must be identif ied, and
drills must be conducted.

Terrorist targets can either be anticipated or may not be
obvious. The era of suicide bombers—a method of causing
maximal effect with a minimal loss of life on behalf of the
terrorist organization—makes a school bus full of children a
target. Proper communication preparation for such an e vent
might require a key point individual who is responsible for
screening entrants to the v ehicle. Clearly, though, prepara-
tion ultimately may have only a limited impact in terms of
decreasing the scope of an incident.

An important example of such preparation is in changes
that have been tak en regarding parking around municipal
buildings. The severity of the blast w ave from the truck
parked outside the Murrah Federal Building in Oklahoma
City affected the framework of the structure, blasting floors
upward, which then collapsed into rubble. Pre vention of
such destruction by v ehicles has required substantial re-
thinking of parking plans for a host of structures. The pre-
vention of destruction, in this case, requires municipal plan-
ning and agreement followed by communication to users of
the parking areas in real time, plus the enforcement required
to assure adherence to these plans.

The assassins who stalk ed the streets of Maryland,
Virginia, and Washington, D.C., in 2002 proved very diffi-
cult to apprehend in spite of intense community a wareness
and media co verage. Yet comprehensive communications
across multiple jurisdictions pro vided the final clues to the
identity of the individuals and their vehicle. Media was em-
ployed as an acti ve agent in the process of tracking and
identification. Then it was left to an observ ant citizen at a
late night hour in a roadside rest area to spot the snipers
sleeping in their v ehicle, bringing to a quiet end a nearly
month-long terrorist event that had caused millions of peo-
ple to be pierced with fear . Had not the alert Alabama offi-
cials’ investigation of an apparently random liquor store
robbery and murder a month prior produced vital e vidence
linking this e vent to subsequent in vestigative findings, it
may only be speculated what the ultimate number of per-
sons injured or killed may ha ve been—and how long terror
would have continued to grip the citizens of those states.

Prevention of terrorist e vents through communication
programs is a comprehensive matrix that intermixes agency
and public awareness through adept planning and identifica-
tion of modes of technology, including media participation,
sufficient to meet the challenge. No amount of preparation

TABLE 32-1  Key Communication Areas During a
Terrorism Event 

1. Public service agencies 
2. Health care workforce and facilities
3. Interagency response mobilization
4. Effective media management
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will be sufficient to prevent all determined malefactors from
succeeding in at least a portion of the intended harm to a cit-
izenry. However, clearly defined channels of communica-
tion established prospecti vely among agencies, citizen
groups, and media sources can clearly help forestall, or at
least ameliorate, the effects of a terrorist event (6).

MANAGING TERRORIST EVENTS 
THROUGH COMMUNITY
COMMUNICATIONS PREPARATION

The spectrum of terror is v ast. Broadly it may be said that
terrorist events have two main elements: the actual physical
impact on the target(s) and the emotional distress in the citi-
zenry resulting from the e vent. Both elements are critical
during the actual management of a terrorist event.

As an event unfolds, the facts of the issue gradually be-
come evident, including any loss of life or injuries, physical
damage to areas, and the requirements for bringing the situ-
ation under control. The intensity of the situation during
such an occurrence veritably assures that great potential ex-
ists for a dramatically increased v olume of utilization of
typical communications media. Anxious family members
commonly crowd the telephone lines with calls about lo ved
ones. Well-meaning citizens contact public services such as
police and fire departments to report what the y have seen.
Only a carefully prepared, thoughtful plan for protection of
contact among involved member agencies can gi ve signifi-
cant assurance that information interchange can continue.

The intensity of communications among public service
agencies may increase dramatically during a terrorist e vent,
and channels of communication require careful design to
allow proper function during an e vent. Unnecessary traffic
must be suppressed. For example, prolonged patient presen-
tations on radios by EMS pro viders must be restrained by
protocol. Just as during a multicasualty incident, the initial
physical examination process diminishes from the DOT pri-
mary survey to a “triage surv ey,” such as the “red surv ey”
found in the Advanced Disaster Life Support program; the
patient presentation process to medical control should be
abbreviated to only the information required to notify hospi-
tals of patient destination and general basics concerning the
patients’ conditions. 

Community all-hazards management plans include deal-
ing with problems such as biohazard e vents (whether of a
terrorist nature or otherwise) that require prompt acti vation
to assure the best outcome. Thus activation of these plans
through facility notification by public service agencies must
be carried out early . Busy hospital emer gency departments
may have to discharge noncritical patients, empty out wait-
ing rooms, place guards outside to prevent unnecessary traf-
fic, establish and provide staffing for decontamination areas,
set up hospital central communications centers, and contact
additional physician, nursing, and support staff through call-
back procedures.

This example is on point for this discussion. Should an
index case of smallpox present in an urban emergency room,
the outpouring of agenc y notifications, emergency hazards
plan activations, and media a wareness will be nearly
unimaginable. Intense efforts to identify the contacts of the
individual, living quarters, recent travel, and otherwise

determine how this case came to occur will be undertak en
within an intense time frame. The Public Health Department
will be activated. Citywide vaccination programs intended to
encircle potentially infected persons will become opera-
tional. Many cities might initiate a prospecti vely designed
plan to utilize f ire department personnel and paramedics to
become members of the vaccination team. Centers for vacci-
nation will be established. The city—indeed the world—will
be watching with bated breath.

In real time, the utilization of all appropriate communi-
cations programs, especially through careful contact with
the media, will be essential to prevent community panic, to
provide information for v accination centers, to update the
community on the disease progress (if an y) in the commu-
nity, and to optimize the resources a vailable to prevent the
spread of the infection while preserving community health
(7). However, such an event may naturally be e xpected to
have far-reaching consequences within that urban center, in-
cluding the possibility of quarantine of the community, lim-
iting of traffic flow in and out of the city until the infection
appears to be controlled, and the provision of appropriate
medical resources (perhaps such as a separate hospital for
infected persons).

Much can be learned from the failure of communications
programs to be used optimally during terrorist acts. The
sarin nerve gas attacks by the Aum Shinriko against Tokyo
in March 1995, resulted in hundreds of e xposures of a
greater or lesser degree. The number of deaths is somewhat
disputed, but clearly in e xcess of 5,000 people were af-
fected. Photographs of the event show people standing casu-
ally in the area of the release of the gas inside the subw ay.
Thousands presented themselves to emergency rooms, over
600 to one f acility alone. No decontamination or personal
protective equipment was used initially by many of the hos-
pital responders, and it was reported that o ver 23% of the
hospital staff who treated victims sustained e xposure them-
selves (8). Of the more than 1,300 EMS pro viders who re-
sponded to the scene, 10% of them were exposed and devel-
oped symptoms. Thus the medical infrastructure itself w as
threatened by failures in communication.

The reality that communication f ailures can kill and in-
jure was demonstrated in the failure of police radio channels
to interlink with f ire and EMS channels in Ne w York. This
resulted, at least in part in o ver 100 f ire rescue personnel
being trapped and subsequently killed in the collapse of the
North Tower of the World Trade Center, over 20 minutes
after the pilot of the police helicopter flying above the build-
ing saw that the collapse of the b uilding was imminent.
Thus operationalizing system communications design, both
in equipment and in protocol, is an essential element of lim-
iting risk and e xposure to both the citizenry being serv ed
and to the rescue/medical providers involved (9).

AMELIORATION OF TERRORIST 
EVENTS THROUGH COMMUNITY
COMMUNICATIONS PREPARATION

The terrible disaster that w as manifested in the 9/11 e vents
riveted the attention of the world (10). For weeks, little pro-
gramming on television strayed from the topics around the
attacks against the United States, the destruction of prop-
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erty, and, most importantly, the evolving scope of the loss of
life of both citizens and rescue pro viders. The horror of the
death and devastation in Washington, New York, and in the
aircraft involved presented a grisly scenario of such enor-
mity that its scope challenged human ability to encompass
the grief and shock of the event.

Media and communications played the simultaneous
roles of linking rescue and reco very involving thousands of
providers while presenting the unfolding drama and details
to the watching world. This interplay of information supply
served to coordinate the e xtinguishing of flames, rescue of
the living, recovery of the slain, and the be ginning of re-
moval and rebuilding through bringing together local, state,
and federal agencies. The continuous outpouring of tele vi-
sion, radio, and the printed word provided a stream of mes-
sages to the public, both to assist concerned f amily and
loved ones as well as to provide a steady flow of news to the
hundreds of millions around the world watching in horror.

Thus the gradual relaying of the bits of ne ws generated
by hopeful disco veries or sorrowful results from the Ne w
York and Washington ground zero locations laid the founda-
tion for both the construction of the reality of loss and the
assembly of the framework for recovery. This steady coordi-
nation of responding resources and media elements through
the common resources of coordinated communications si-
multaneously provided the guidance for the utilization of re-
sponder resources and for the easing of the malaise of a
country suffering a terrible wound.

FURTHER PREPAREDNESS ESSENTIALS

HARDENING OF COMMUNICATIONS
RESOURCES AGAINST TERRORIST EVENTS

All agencies that might be called on to pro vide response
against a terrorist event in a given area must identify prospec-
tively those methods of information transfer that should be
hardened and will be reasonably e xpected to survive antici-
pated attacks. EMS dispatch agencies, for example, play a
central role in sending appropriate rescue, treatment, and
evacuation resources to scenarios that may occur . Such re-
sources may be vulnerable to attack, and this vulnerability
must be considered by the municipal planners responsible for
implementing the design and construction of these f acilities.
Targeted attempts to enhance injury to a community may se-
lect certain power poles, for example, disrupting telephone
services, radio stations, television stations, and dispatch agen-
cies. It is essential, then, that scenario testing of potential
losses of communication be conducted to allo w a clear view
of how municipalities could maintain all of their various com-
munication needs should dif ferent modes of information
transfer be momentarily disabled or even destroyed.

Reasonable caution should be taken to allow agencies to
function as “communication free” as possible. For example,
many municipalities require online medical control contact
to authorize certain levels of advanced field medical care by
EMS personnel. The EMS system medical director should
provide presigned authorization of a certain set of skills that
may be conducted in the absence of an y direct communica-

tion with online medical control. An example of a suggested
minimum set of skills that should be preauthorized by the
medical director is provided at the end of this chapter. Such
preparation may limit the real-time communications neces-
sary for medical providers, perhaps during vital moments in
a scenario when the ability to transfer information is e x-
tremely limited, decreasing the b urden on the already
stressed information transfer needs.

LIMITING COMMUNICATION TRAFFIC
DURING TERRORIST EVENTS

Maintaining a strict polic y toward limiting traf fic during
events such as terrorist actions is important to allo w suffi-
cient information bandwidth to be available. In incidents af-
fecting many citizens and responders—whether it is a nerve
gas strike on a subway or a bomb on a train—the informa-
tion media, especially radio and cellular channels, are com-
monly overwhelmed. Should then, for example, only a sin-
gle high-band radio channel be functioning during an attack
on a football stadium, frequent brief reminders from the
central radio agenc y—typically the dispatch agenc y—that
“all users of that frequency should limit radio traffic” would
be essential, especially should the channel become crowded.
Communications should be strictly limited to essential infor-
mation, including destination of patients being transported to
care facilities and very brief scenarios of the problems that
the ill or injured have experienced, allowing these care facil-
ities to be as prepared as possible for incoming victims. 
Abbreviation of traffic is essential. Such abbreviation is not
necessarily common practice, for example, in patient pre-
sentations via EMS traf fic to online medical control, and
thus reaching pre-e vent agreement on proper methods to
limit communications traffic while optimizing information
transfer should be part of planning and training. The short-
ening of information transfer requires prior preparation, in-
struction, and practice to be appropriately f acilitated during
an event.

CONTACT WITH THE EMA, THE MILITARY,
PUBLIC HEALTH AGENCIES INCLUDING THE
CDC, AND MUNICIPAL/GOVERNMENTAL
AGENCIES

Medical care facilities and all public service agencies called
on to pro vide response and care for a potential terrorist
event must cooperate as part of acceptable ci vil community
planning to set out those methods of initiating contact with
the area and state emer gency management agencies
(EMAs), appropriate public health resources (such as the
public health facilities in the area as well as the CDC), and
any other appropriate municipal or go vernmental agencies
whose participation might be anticipated or required.

In addition, all municipal and governmental agencies that
might be called on to participate in response to a terrorist
event must establish and maintain call and notif ication
structures that allow for the timely dispatching of these re-
sources in the e vent of a hostile action. These agencies in-
clude but are not limited to public safety , emergency dis-
patch, power companies, water management facilities, road
repair, storm sewer management, vehicle maintenance, and



telephone repair. These emergency notification lists must be
tested periodically. The results must be submitted to appro-
priate quality control assessment for reliability.

A biological, chemical, or explosive event set against a
citizenry may place extraordinary requirements on respond-
ing agencies to provide unusual supplies not commonly an-
ticipated in communities. The National Pharmaceutical
Stockpile, for example, provides large quantities of medica-
tions such as atropine and 2-P AM for use in the protection
from or treatment of a nerve gas exposure, and this resource
can be quickly mobilized to a geographical location. The re-
ceiving area, however, must have in place an appropriate
plan for the recei ving, opening, and distribution of the re-
sources contained within the pushpack, should its delivery
be required. Thus the actual communication notifying the
federal agency of the need for acti vation of the stockpile
must be part of a well w orked-out process for the receiving
and distribution of this resource.

Another example of such an issue would be found in the
setting of an e xplosion at an emer gency communications
center in a metropolitan area that resulted in substantial
damage to emergency communications systems in that area.
A notification call might be required to the EMA,but imme-
diately available communication resources might be dam-
aged. The emergency response system should consider an
alternative communication method as part of community
planning. One such hardened response is the deployment of
the Radio Amateur Civil Emergency Service (RA CES).
Under a pree xisting agreement with the f ire chief of the
community, for example, a call would be needed to a neigh-
boring fire department to then place a call for the EMA, for
mutual aid, to notify surrounding hospital facilities, and per-
haps even the military for assistance. A call to the RA CES
indeed could serve that function. Such a notif ication struc-
ture must be part of a prospecti ve overall emergency com-
munications plan.

PROTECTION OF RADIO AND CELLULAR
TELEPHONE BANDWIDTH

A terrorist event would place severe demands on the limited
information transfer methods available to communities. Pub-
lic calls for help commonly come from land-line telephones,
although the growing use of cellular telephones clearly indi-
cates these devices are among the most common methods of
notification and activation of emergency response agencies
for all types of emer gencies. Compelling evidence indicates
that these personal communications de vices (PCDs) are so
ubiquitous that they have become the most common method
of notification of emergencies. It would be prudent, then, as
part of community municipal b udgeting, that enhanced 911
systems be modif ied to allo w for Wireless Enhanced 911
(WE911) ability, allowing for emer gency communications
centers to localize the site of the localization of callers in the
setting of emergencies. Although such WE911 ability is im-
portant, it must be remembered that this ability only local-
izes the caller, not the site of the event. A PCD caller may in-
deed be quite far from the event, so the value of the WE911
localization must be considered a part of the total informa-
tion being received, and its total value in localizing an event
must be weighed in the balance.

Also given the wide use of cellular telephones and the
common dependence of municipal agencies for the use of
these devices as well, it is clear that restrictions must be
placed, in advance, on cellular telephone channels for the pur-
pose of suppressing unnecessary use of these channels and to
provide access to municipal agencies for these channels. In a
similar vein, emergency radio channels must be strictly pro-
tected for the use of those agencies that might respond to a
terrorist event to allow for the needs of those agencies.

Also, planning agencies should consider making a vail-
able direct satellite telecommunication de vices, microwave
linkups, and Internet channels for use during terrorist events
(11). Such equipment can be quickly set into operation in
the event of a disaster , provided the equipment truly meets
the operational needs of the agenc y. A useful uplink is the
establishment of direct Internet communication for victim
tracking, resource allocation, and information provision. In-
deed, municipal trials with such satellite uplinks ha ve been
conducted and have shown great promise, mirroring similar
devices in use by the military, such as the instant availability
worldwide of medical records of members of the armed
services who may become ill or injured during military op-
erations.

COMMUNICATIONS CENTERS 
DURING TERRORIST EVENTS

Planning for amelioration of and reco very from terrorist
events must include the provision for centers for emergency
communications (ECCs) (12). The ECC must be established
in areas designated to pro vide coordinated communication
among responding agencies. These centers pro vide a free
flow of required information for the function of the f acility
in which the ECC is designated during such a catastrophe.

A hospital-based ECC should be established in a conven-
ient, central, restricted, and hardened location in that f acil-
ity. Access to the ECC should be restricted to authorized
personnel, and security personnel should be posted at the
entrance to the facility during the event and for some period
during the aftermath. The ECC for a hospital must pro vide
contacts to all appropriate agencies, including the f ire de-
partment, EMS, public safety, public health, pharmacy, ad-
ministration, central supply, surgery, intensive care, secu-
rity, and maintenance on a real-time basis. The ECC must
have adequate backup communications methods in case of
electrical and/or telephone failure.

The municipal-based ECC should be located in a hard-
ened facility to which access is restricted. Officers of the mu-
nicipality, such as mayors and city council persons, should
not necessarily receive routine access to the center except as
permitted under local ordinance. This municipal ECC must
preserve real-time connections with f ire, EMS, dispatch,
public safety, public health agencies, EMA, water/sewer au-
thorities, power companies, media, and appropriate mainte-
nance agencies during a terrorist e vent. Media connections
within the ECC are essential, including real-time telephone
and Internet availability. Logs of all communications activity
must be maintained by ECC staf f, including the investiga-
tions of past and ongoing threats that may be reported.

An ECC could be reasonably anticipated to be a tar get
for terrorists. Any attack that could disrupt communications
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among assigned agencies could be e xpected to increase the
potential for an increased number of victims,cause the com-
mitting of valuable community resources to areas inconsis-
tent with optimal amelioration of the event, and create an in-
creased potential for panic. The planning for the restriction
of access to and the hardening of emer gency communica-
tion centers, therefore, should pay careful consideration to
the physical location of this center , its redundancy of com-
munication methods, and its protection by security and pub-
lic safety agencies. An important center to emulate in design
and positioning is the ECC for Houston, Texas, whose loca-
tion is well back from the road, whose ECC operations are
housed in protected hardened locations, and whose access is
strictly limited.

THE RADIO AMATEUR CIVIL 
EMERGENCY SERVICE

As discussed briefly earlier, private radio operators (known
as ham radio operators) have created an organization known
as the Radio Amateur Civil Emergency Service (or
RACES). This organization is made up of licensed amateur
radio operators who v olunteer their time and equipment to
provide supplemental communication to local, county, or
state agencies during times of crisis or disaster . RACES is
governed by re gulations of the Federal Communications
Commission (FCC) found in part 97, subpart E, of the FCC
regulations. 

The RACES Internet web site states that “as far as partic-
ipation, by FCC regulations only RACES-affiliated stations
may participate in RA CES nets, including training drills.
Furthermore, participation in SKYWARN nets are limited
to those RA CES station members who ha ve attended a
SKYWARN training class in the last tw o years.” Through
these training programs, a heightened degree of awareness
is maintained by these indi viduals. They maintain a higher
level of alert and preparation in the event that they might be
contacted by their municipalities to render service in the
event of terrorist or natural disasters.

Community planning should include the identification of
these local communications resources. These individuals
present a truly worldwide resource, making available to mu-
nicipalities their equipment and time to pro vide secondary
communications support in the e vent of primary communi-
cations failures.

A useful web site for reference to this or ganization is
found at the URL http://www.eham.net/links/. The user may
enter the selection “Emergency and Special Services” (with-
out quotes) into the Search box. 

FACILITATED COMMUNICATION 
THROUGH INTERNET-BASED SYSTEMS
AND OTHER COMPUTER RESOURCES

The global revolution in information distribution through the
Internet is unprecedented in its potential scope for the sup-
port of those who w ould supply resources against terrorist
actions. Internet-based information is of such common avail-
ability and depth that virtually an y information necessary to
manage an emergency of any sort can be located on the Web

through either an “insecure” or a “secure” computer re-
source. Written resources such as te xtbooks may take years
to produce, but a page on the Web can be written quickly and
maintained in a current, dynamic, up-to-the-minute, even
self-refreshing electronic state by the web site manager .
Therefore a catalog of available web sites for anticipated in-
formation needs should be maintained by an y municipal
planner, providing the ECC with adequate computer re-
sources, including bandwidth, so the ECC staf f can get the
information they need. Indeed, a municipal manager with ac-
cess to appropriate web pages can be a v ery useful asset to
those providing emergency response (13). 

The Internet is a real-time, dynamic network. It may,
therefore, serve a vital role for man y purposes in the sup-
port of those responding to a terrorist action. Constant
Web uplinks to assigned web sites can be utilized to in-
form responders regarding numbers and names of victims,
causes of acute conditions of victims, and location of vic-
tim mobilization for care. Moreo ver, this uplink, estab-
lished in a dynamic format, can provide hospitals with the
numbers of victims, how they are being treated and ha ve
responded to treatment, and estimated times of arri val.
Also, those utilizing the uplink in the f ield may also 
receive in virtually real time the status of area receiving fa-
cilities, including their current capabilities and resource
alerts. The Dallas, Texas, central facility communication
through the EMSystem project, managed jointly by the
BioTel network and Parkland Hospital as well as the Dal-
las-Fort Worth Hospital Council, maintains just such a dy-
namic presence on the Internet in real time, connecting all
area hospitals to prehospital pro viders through this infor-
mation resource (14).

Mobile data terminals in emergency vehicles play an im-
portant role in many urban centers by sending data to v ari-
ous facilities from dispatch agencies to hospitals to public
safety communications. Syndromic surveillance by fire/EMS
dispatch software plays a vital role in detecting the appear-
ance of multiple cases of symptoms that might be associated
with terrorist events (15). Personal digital assistants (PDAs)
may also play a role during the management of a terrorist
event. For example, PDA software is now of such sophisti-
cation that comprehensi ve patient treatment algorithms,
pharmacology texts, and toxicology references can quite lit-
erally be available in the palm of the hand of a responding
provider or hospital f acility medical staf f member. Such
resources can be e xtremely useful in the proper setting,
especially in the e vent of a biological or chemical terrorist
action that perhaps involves unfamiliar disease organisms or
chemicals.

PRIVACY OF PATIENT INFORMATION
DURING A TERRORIST EVENT

All citizens have rights to pri vacy regarding their bodies as
well as certain information about themselv es. Congress has
come down strongly in f avor of the protection of citizens’
rights to control their medical information. The Health Insur-
ance Portability and Accountability Act of 1996 (HIP AA)
has provided strict regulations regarding how patient medical
information must be managed (16). Any person pro viding
medical care to an yone must closely adhere to these la ws.
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These rules apply to all health care or ganizations, including
all health care providers, physician offices, health plans, em-
ployers, public health authorities, life insurers, clearing-
houses, billing agencies, information systems vendors, serv-
ice organizations, and universities. HIPAA calls for se vere
civil and criminal penalties for noncompliance with these
regulations, including fines of up to $25,000 for multiple vi-
olations of the same standard in a calendar year as well as
fines of up to $250,000 and/or imprisonment up to 10 years
for the knowing misuse of health information that may be
identifiable to an individual patient.

Because the risks associated with misusing patient med-
ical information are so severe, it is clearly of the utmost im-
portance that municipal agencies prospectively examine the
use of an y patient information in re gard to those persons
who might be provided any kind of medical service during a
terrorist action. These regulations affect agencies broadly
and deeply. For example, the required compliance responses
are not standard throughout the industry because the v ari-
ous provider organizations are not standardized, complicat-
ing the application of any blanket rules. Just as an example,
a particular or ganization that routinely maintains a com-
puter network that might recei ve patient care information
will be required to set in place appropriate security access
mechanisms that can pro vide the required access control.
Thus this matter, in terms of municipal disaster planning,
must be addressed well in adv ance by a municipality, with
appropriate legal reference and guidance obtained well in
advance.

Generally speaking, any information items that might
identify a patient, with the exception of age and sex, should
not be broadcast in an y medium at an y time without clear ,
written patient consent. Ob viously obtaining such consent
during a crisis situation will be problematic. Thus it is pru-
dent that municipal response agencies and hospitals resist
releasing any patient identifiers by any medium at any time
without the clear, prospective, and timely guidance of le gal
counsel.

THE ROLE OF THE MEDIA 
IN AMELIORATING TERRORIST EVENTS

The media can be a valuable asset during a terrorist action in
two broad ways. First, the public health may require protec-
tion. A nerve gas attack against a subway might cause a sub-
stantial risk to public health both in the release of the toxin
as well as in the disruption of the public transportation sys-
tem. The citizenry might then be called on to a void the use
of public transportation and indeed to a void approaching
any of certain transportation centers within a gi ven proxim-
ity. The local, state, or national media, because of the breadth
of their broadcast coverage, could quickly and accurately in-
form the populace of the affected area regarding appropriate
safety precautions via radio, television, Internet, and
newsprint including both immediate and delayed public haz-
ards (17). These hazards might include the need for e vacua-
tion, for alternative routes of travel, or for the potential of an
event producing delayed hazards that might affect the public
health. For example, smoke from a lar ge explosion might
cause such particulate contamination of the atmosphere in

the affected area that those at risk for bronchospastic condi-
tions might need to tak e precautions. Such w as the case in
the New York downtown area following the 9/11 attacks. The
information communicated by the media contained impor-
tant warnings, including the use of masks where appropriate,
how to obtain them, and when to wear them.

Medical advice and other information resources a vail-
able through the media are essential to the proper manage-
ment of a potential terrorist action in which the public
health may be at risk. An attack against an airliner that then
crashed into a community might, indeed, place hundreds
(or, in large cities, thousands) of citizens at risk. Evacuation
centers might be established, and the media, through the use
of appropriate broadcast methods, might advise appropriate
evacuation instructions, the location of a vailable centers,
and even contact information for those who may require
municipal services to recei ve appropriate transportation
and/or care.

The media can likewise serve a support role in a terror-
ist action. The broadcasting of a need for clothing, blan-
kets, water, and other supplies to help emergency rescuers
is commonly made through the media and has become an
invaluable resource in such settings. For example, the out-
pouring from the goodness of a national population has
been evidenced many times in such horrif ic events as the
9/11 attacks when calls for additional support supplies
were made. Within hours, thousands of bottles of w ater
and other materials were made available by a grateful pub-
lic to lend assistance to those pro viding rescue and recov-
ery operations.

The media can play an invaluable role in the dissemina-
tion of information re garding events that ha ve occurred
(18). The public has a right to know what is occurring that
is newsworthy and of general public interest. A given pop-
ulation is a community , and the sense of participation in
that community is measured in significant part by informa-
tion distributed that is of public interest. Indeed, coincident
with the World Trade Center bombings, an intense public
interest was served by the media, sharing likewise informa-
tion on the specif ics of the management of the disaster as
well as the airing of the communal grief of a nation and the
world (19). The sharing of this outpouring of grief
throughout the communications media serv ed to inform,
educate, support, and sharpen the determination of tens of
millions toward the rescue of the wounded, the recovery of
the dead, the removal of the debris, and the resolve for the
future.

Important items that might be shared through the media
include critical information for f amilies of victims, espe-
cially whom to contact for information and where to gather
for support or w aiting. Thus in this manner the media 
becomes a public service agenc y in the broadest sense,
bringing necessary vital assistance to those who need that
service, at whatever distance the needy might be from the
actual event.

Previous work has set out many essential elements in the
management of media relations (20). These critical points
are vital during the planning and training for how media ele-
ments will be utilized during a terrorist action. The impor-
tant core elements for the management of media issues are
found in Table 32-2.
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RESOURCES

EMS ADVANCED LIFE SUPPORT 
SKILLS THAT MAY BE AUTHORIZED 
UNDER MEDICAL CONTROL 
STANDING ORDER IN THE EVENT 
OF COMMUNICATION FAILURE (21)

1. Endotracheal intubation
2. IV fluid replacement
3. Use of albuterol and ipratropium for bronchospasm
4. Use of nitroglycerin for chest pain suspicious for 

cardiac events
5. Advanced cardiac life support algorithms for the man-

agement of sudden death, including defibrillation, use
of epinephrine, and the use of amiodarone

6. Use of antiarrhythmics as appropriate in the setting of
myocardial infarction 

7. Possibly field termination of cardiac arrest manage-
ment in multiple casualty situations, requiring the con-
currence of two team EMS advanced life support lead-
ers and possibly the coroner or medical examiner, if
these individuals are on scene

8. 12-lead EKG interpretation for signs of ischemia or 
injury

9. Needle decompression of tension pneumothorax
10. Needle cricothyrotomy
11. Pain management, including authorized narcotic medica-

tions such as incremental dosages of morphine sulphate

Note: All skills listed must only be conducted by trained,
certified, and routinely quality-controlled indi viduals who
have demonstrated competency in these areas.
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TABLE 32-2 Ten Essential Elements for Effective
Media Communication  

1. The public must receive a single, clear message.
2. A redundancy of persons authorized to talk to the

media must be created, preferably within a thoughtful
protocol prepared well in advance of any MCI.

3. A cadre of close-working experts must be identified.
4. Persons involved in any portion of the MCI must be

responsive and helpful to the media.
5. During communication, the nature of the content 

released must be carefully controlled. The individual
communicating with the media must always tell the
truth but should resist giving every detail.

6. The face shown to the media must be one of concern.
To quote Pepe, the individual authorized to speak to
the media should “be a human being, and act like
one.”

7. The communicator should try to avoid giving out 
factoid sound bites that sound good but have no 
ultimate consequences.

8. The authorized individual communicating with the
media must remember not to panic, especially under
media pressure.

9. When communicating with the media, those involved
with the MCI and the populace at large should learn
lessons from the past but consider future possibilities/
threats, recalling that “when facts are scarce, words
soon take their place.”

10. Those caring for the MCI should also help care for
the members of the media, appreciating how impor-
tant they are to the management of the operation.

PREPAREDNESS SUMMARY

Municipal planners are compelled to tak e what
action is possible to pre vent, manage, and
ameliorate the ef fects of a terrorist action against
their communities. It may be stated broadly that a
determined terrorist utilizing concealed means and
shielded by the element of surprise can inflict
damage of some measure, perhaps even terrible
damage. However, equally determined emer gency
resource administrators can create a w all of
detection, deflection, and direction that can either
prevent or at least diminish the destructi ve intent
applied against a population. 

Only through a carefully designed program of
coordinated communication resources that are
current, active, and durable can these administrators
most accurately manage the needs of the
populations they serve and pro vide the protection
that the coming years will demand.
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in Terrorism Preparedness
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INTRODUCTION

Very few emergency care workers have ever cared for the
casualties of weapons of mass destruction. Terrorism, which
is an enormous concern for all health care pro viders and
emergency responders, is still relatively rare when held up
against the background of our normal practices and con-
cerns. That is, it is rare so far. But the world is a dangerous
place, and the war on terror is in its infancy.

If we w ant to be prepared, we have roughly three op-
tions. We can turn a way from all of the bad ne ws and pre-
tend, if we try hard enough, that it will never happen to us.
Statistically, we may be right. The majority of persons in in-
dustrialized nations currently do not li ve in areas that are
considered high risks for terrorist use of weapons of mass de-
struction (WMD). This approach has some undeniable practi-
cality. A physician or paramedic may spend 30 years in prac-
tice and never see a case of weaponized plague, or care for a
patient with radiation sickness. But then again, we could
make the same ar gument for many of the problems we en-
counter in caring for the health needs of the public. We could
say, for instance, that physicians in the rural South do not
need to know about HIV if it is rare where the y work. We
could say that paramedics in ski areas need not lear n to de-
liver babies because what are the odds? But this is a risk y

way to play the numbers, and the results can be disastrous if
our assessment of the risks turns out to be wrong. A little
preparation, a little knowledge, just enough to recognize a
problem and call for help, might save one life or thousands.
So, ignoring the risk of terrorism may not be the best plan.

As a second alternati ve, we could go to the opposite e x-
treme and seek to be exposed to terrorist events and mass ca-
sualty episodes. We could, if we have not already, join the
military and travel to combat zones, just to get a feel for the
danger, the heightened alertness, the sound of gunf ire, and
the look of e xploded vehicles. There we would learn f irst-
hand how to care for victims of bombs or b ullets and learn,
through our own wish to survive, how to be vigilant for signs
of chemical, biological, and radiological illnesses. Or per-
haps, we could work at a large urban emergency department.

If ignoring the problem is unacceptable, and if seeking it
out is impractical, then we must obtain the kno wledge and
training by attending educational courses and e xercises in
terrorism preparedness.

Most emergency care workers have at least a little experi-
ence with preparedness e xercises. Some of our more “sea-
soned” colleagues still remember the days of “duck and
cover,” when an entire nation practiced, to greater or lesser
extents, what they would do in the case of nuclear w ar. In
those days, the Civil Defense initiative existed because the
world moved through its days and nights with the v ery real
fear that nuclear weapons w ould fall like rain one day . 
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It was a fear with le gitimate foundations, based on the very
real existence of intercontinental ballistic missles (ICBMs)
in silos and submarines around the w orld, possessed by the
two most powerful military forces in the w orld, which were
run by governments with philosophies diametrically opposed
to one another. Whether anyone believed it would matter or
not, they practiced the old duck-and-co ver drill because
doing something w as better than doing nothing. The Cold
War, which was covert and conducted mostly by spies and
diplomats, was considered by some as the equi valent of
World War III. If this is correct, then the advent of the recent
major terrorist attacks is the equivalent of a fourth world war.

Most emergency workers have also had some experience
with disaster drills. Medical schools and hospitals ha ve tra-
ditionally held annual e xercises that involve situations like
tornadoes, earthquakes, plane crashes, and industrial acci-
dents. These exercises are often attended by emer gency de-
partment staff, EMS workers, residents, and students. Other
hospital personnel, including administrators and health
practitioners from nonemergency settings, often elect not to
participate in these exercises.

It may be argued that the modern era has brought us a re-
ality even more terrifying than the ICBMs, which domi-
nated our attention in the Cold War. Nuclear missiles, for all
of their potential apocalyptic power, were possessed by na-
tions whose leaders and citizens generally w anted to see
their grandchildren. And they were generally secured and
maintained by large disciplined military forces. The modern
threat of terror and weapons of mass destruction is quite dif-
ferent from those days. In terrorism, hatred combines with
technology, and suicidal fervor combines with tremendous
lethality. The result is that e ven the most jaded and c ynical
emergency care provider recognizes that “it could happen
here.” And since it could, preparation is essential.

Because of a number of widely publicized terrorist
events in the 1990s, emergency care providers in the United
States have made an enormous ef fort to prepare for the
prospect of terrorism on American soil. This effort, like all
great efforts, has been a combined labor. It involves all lev-
els of health care, federal government, as well as the emer-
gency providers in the f ield. We begin this chapter by de-
scribing the Domestic Preparedness (DP) training program,
as a very positive example of how training has been taken to
the population centers of the United States. Federal le gisla-
tion that used resources and information from di verse and
capable organizations in the government and private sectors
was enacted, and then all of those assets were pooled into
this program, which was disseminated to municipalities
across the country.

If the essence of the program could be summarized, it
would be in the phrase “NBC Delta,” which is the concept at
the heart of this training system. It means that, although the
nation is well prepared for man y emergency contingencies,
there is a gap between existing preparation and the prepara-
tion needed for response to nuclear, biological, and chemical
agents or weapons of mass destruction. The delta, or differ-
ence, was the critical gap that the Domestic Preparedness
program sought to fill.

The program began in 1996, one year after the attack on
Oklahoma City, and five years before the attack on the Twin
Towers and the Pentagon. It might be said that the DP pro-
gram was both reactionary and visionary . Those who con-

ceived and implemented it sensed a gro wing danger to the
United States and acted on their intuition. Although most of
those involved in running the DP program did not foresee the
use of an airliner as a weapon of mass destruction, the DP
program had already laid the initial frame work that allowed
the country to augment its response f aster, and more effec-
tively, in the weeks, months, and years since 9/11. The orig-
inal program tar geted the lar gest 120 cities and used a
“train-the-trainer” format. It was thought that by preparing
instructors across the nation, the effect of terrorism pre-
paredness education w ould be multiplied. This program
continues, now under the direction of the Office for Domes-
tic Preparedness, within the Department of Homeland Secu-
rity. It has evolved into a program with multiple course top-
ics and multiple levels of training. It continues to provide an
outstanding level of preparedness training for a nation that
remains under the constant threat of terrorism.

However, preparedness training did not stop there. Hu-
mans are very creative creatures, and so we always try to rein-
vent, always try to impro ve. Some of the impro vements in
preparedness training we no w see include self-assessments
for organizations and individuals to take before training and
open table-top exercises that are less intimidating and more
entertaining than traditional didactics. Furthermore, be-
cause emergency responders and health care pro viders are
not always able to travel long distances to recei ve training,
the training is being taken to them. The Internet is a growing
source of distance education in WMD preparedness issues;
it also contains an enormous amount of accessible informa-
tion that can be useful in real time, or as some ha ve de-
scribed it, “just in time,” by those faced with possible WMD
events, whether suspicious infectious outbreaks or dramatic
chemical exposures.

This chapter is included in the te xt so that readers can
have some perspective on preparedness e xercises and edu-
cation in weapons of mass destruction, as well as some in-
sight into the ne w directions that preparedness training is
taking. It is useful to re view the progress that such training
has taken. As we look at how training was conducted in the
past, we can respond to current threats more easily . And as
we assess what has been successful, we can mak e future
courses and exercises more effective. It is the least we can
do for the emer gency responders and health care w orkers
who will use them as the y prepare to safe guard our nation
against the terrifying, unthinkable, but all too real threat of
terrorist use of weapons of mass destruction.

PREPAREDNESS ESSENTIALS

Preparedness is a continuum, with no real endpoint. We are
better prepared today than we were yesterday, and tomorrow
we will be even more prepared. If we try to define prepared-
ness we can say that “it is a proactive effort by an institution
to shift rapidly from a normal and routine state to a height-
ened state of alert and an increased level of operations in re-
sponse to a disaster or a multiple casualty incident” (1). Al-
though we can ne ver be totally prepared for e very
eventuality, through education, planning, and exercises, we
can progress to more advanced levels of preparedness.



Perhaps the most important element of preparedness is
awareness. When students are aware of existing and potential
threats, they will be better motivated and better able to deal
with an act of terrorism. In light of their awareness, they can
learn how to evaluate their current response systems and ex-
isting policies and procedures. Using their ne wly acquired
knowledge, they will be able to “harden” their institution’s
ability to respond to an incident.

Preparedness is the result of planning, but even a good
plan is only useful if it is exercised and the results of the ex-
ercise are used to improve its structure. Many valuable plan-
ning templates, from hospitals to Metropolitan Medical Re-
sponse Systems, are available at the micro and macro le vels.
Geographically, efforts extend from local and regional efforts
to programs conducted by federal agencies (e.g., CDC’s
Pandemic Influenza Plan) (2). Medical planners are encour-
aged to take advantage of these.

Emergency operations plans (EOPs) pro vide the
roadmap to a response effort. They provide detailed instruc-
tions on ho w to na vigate the obstacles that arise, how to
manage the sudden influx of patients into the health care
system, how to provide for their physical and mental well-
being, and how to reco ver from an incident and return to
normal day-to-day operations as quickly and ef ficiently as
possible. Training is needed to incorporate these EOPs
properly into the response plan (3).

Education follows planning. There are many different pro-
grams that use di verse media in both the public and pri vate
sectors, and educators must choose wisely when selecting the
programs that are best suited to their particular audiences.

There is a trend to mo ve away from the more traditional
didactic courses to f acilitated workshops, table-top exer-
cises, and larger field exercises. Case-based teaching has in-
creased in popularity in many so-called merit badge courses
such as Advanced Cardiac Life Support (A CLS), and this
trend is being translated to WMD training.

Exercises constitute an important component of an y
training program. “Experience and data show that exercises
are a practical and ef ficient way to prepare for crises. They
test critical resistance, identify procedural dif ficulties, and
provide a plan for corrective actions” (4).

After any exercises or other case-based educational pro-
gram, a session is typically conducted between the course
moderators and the re gional and local leaders, and a sum-
mary of the major suggestions and comments is prepared
for distribution to all participants. This after action report
provides an opportunity to recei ve input for impro ving the
course content and to discuss application to the specif ic en-
vironment where the program w as conducted. Major e xer-
cises in the United States deserv e special discussion. The
first of these was called TOPOFF (Top Officials) 2000, con-
ducted in May of that year . It was a congressionally man-
dated, no-notice exercise that was staged at three locations
and that simulated radiological, chemical, and biological at-
tacks. After action reports provided valuable feedback, and
the lessons learned were incorporated into the design of
TOPOFF II.

TOPOFF II, also congressionally-mandated, was pre-
ceded by a series of WMD seminars and table-top exercises
designed to educate the participants prior to the actual e xer-
cise. An “open exercise design” was used, where stakeholder
participants worked in concert with e xercise design experts

to develop the program. The organizers considered the use of
this technique a success. They cited enhanced learning by the
participants due to their direct participation in the de velop-
ment of the exercise (5). It was also described as ha ving al-
lowed regional planners to “develop and strengthen relation-
ships in the national response community.”

Of significance to the medical community was the simu-
lated public health emergency in Illinois, one of the largest
mass casualty exercises to date, which examined the coordi-
nation between the medical and public health communities,
and their ability to respond to and intervene in the spread of
the epidemic. A significant finding, in keeping with the re-
sults of most, if not all, exercises was the lack of an effective
communications system. Additionally, they described casu-
alties among health care pro viders, a well-known factor in
areas where terrorist bombings often in volve a second de-
vice targeting responders.

More recently, a secret cabinet-le vel table-top e xercise
called Scarlet Cloud (anthrax), “showed that we are a lot
better off today than we were tw o years ago before 9/11, ”
according to a senior administration official. “It also showed
that there has definitely been a fast learning curve on bioter-
rorism” (5)

Exercises provide an excellent tool to identify , analyze,
and quantify the strengths and gaps in our response systems
and our degree of understanding of WMD and its accompa-
nying threats. So, we should use e xercises of varying de-
grees of sophistication, duration, and intensity as an integral
part of any education process.

PREPAREDNESS HISTORIC EVENTS AND
CASE HISTORIES

In the early- to mid-1990s, several notable terrorist e vents
had a great impact on planning for potential threats in the
United States. The bombing of the World Trade Center in
1993, the terrorist chemical attack on the Tokyo subway sys-
tem in 1995, the bombing of the Alfred P. Murrah Federal
Building in Oklahoma City in 1995, and the Centennial
Park bombing in Atlanta in 1996 led to the passing of legis-
lation to better equip our nation’ s first responders (6). The
Nunn-Lugar-Domenici (NLD) Defense against Weapons of
Mass Destruction Act of 1996 (Public La w 104-201) man-
dated training for the 120 most populous cities in the United
States (Fig. 33-1) (7).

The resultant Domestic Preparedness (DP) program pro-
vided the initial benchmark training for the medical re-
sponse to terrorism for federal, state, and local agencies and
is considered the prototype on which man y other courses
were built. This training was designed for federal, state, and
local emergency responders to prepare for possible terrorist
incidents involving Nuclear, Biological and Chemical
(NBC) agents (8).

In February 1997 the Department of Defense’s U.S. Army
Chemical and Biological Defense Command (CBDCOM),
now the Soldier and Biological Chemical Command (SBC-
COM), took the lead with the support of f ive other federal
agencies (Department of Energy, Federal Bureau of Investi-
gation, Federal Emergency Management Agency, U.S. Pub-
lic Health Service, and the En vironmental Protection
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Agency) to develop the DP program. They conducted four
focus group meetings with f irst responders to determine
core competencies and to de velop comprehensive training
performance objectives. Firefighters, hazardous materials
(hazmat) specialists, on-scene incident commanders, emer-
gency medical services, physicians, law enforcement of fi-
cers, and 911 operators and call takers, as well as the appro-
priate federal agencies participated in this ef fort. The
findings and recommendations of these focus groups
formed the basis for a comprehensive set of 26 training per-
formance objectives, details of which may be found in the
matrix in Table 33-1 (9).

The performance objecti ves considered e xisting emer-
gency response guidelines and standards prescribed by the
Occupational Safety and Health Administration (OSHA),
National Fire Protection Association (NFPA), and the Joint
Commission for Accreditation of Healthcare Or ganizations
(JCAHO). They were structured according to four compe-
tency levels (Awareness, Operations, Technician/Specialist
[nonmedical and medical response], and Incident Command)
with three separate le vels of training (Basic, Advanced, and
Specialized). These competencies reflected the le vels identi-
fied in OSHA’s 29 code of federal regulation (CFR) to ensure
that the necessary competencies w ould be consistent from
city to city while still permitting the cities the flexibility to de-
termine those levels in which they needed more training (10).

It was decided that, where possible, existing courses within
the Department of Defense and other federal agencies, like the
Chemical Stockpile Emergency Preparedness program, would
be modified to provide the basis of the initial programs of in-
struction. By using civilian medical personnel to rescript these
courses, the military teaching materials w ould be tailored to
meet the needs of the f irst response community. The train-the
trainer approach was adopted to increase the size of the audi-
ence reached and to foster the development of networks of in-
structors at the local le vel to provide ongoing education for
their personnel using e xisting internal education structures.
Leave-behind materials that could be reproduced included
copies of the instructor and student manuals, video presenta-
tions, 35 mm Po werPoint slides, CD-ROMs, and training
aids. A toll-free NBC Domestic Preparedness Helpline and a
web site were provided to allow for technical assistance and
as a resource to research additional questions that were
raised during the course of training (11).

Prior to the program being tak en to each city , the local
governments were provided with a self-assessment tool to
help determine the training requirements and needs of each
municipality. Initially learning w as primarily didactic in
structure with few “show-and-tell” and “hands-on” sessions,
although these did increase as the program e volved. The
Technician–Emergency Medical Services (EMS) course
was unique in that it concluded with a triage e xercise with
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91. Garland, Tex.
92. Glendale, Calif.
93. Columbus, Ga.
94. Spokane, Wash.
95. Tacoma, Wash.
96. Little Rock, Ark.
97. Bakersfield, Calif.
98. Fremont, Calif.
99. Fort Wayne, Ind.

100. Newport News, Va.a
101. Arlington, Va.
102. Worcester, Mass.
103. Knoxville, Tenn.
104. Modesto, Calif.
105. Orlando, Fla.
106. San Bernardino, Calif.
107. Syracuse, N.Y.
108. Providence, R.I.
109. Salt Lake City, Utah
110. Huntsville, Ala.
111. Amarillo, Tex.
112. Springfield, Mass.
113. Cleveland, Ohio
114. Irving, Tex.
115. Chesapeake, Va.
116. Kansas City, Kansas
117. Metarie, La.a
118. Ft. Lauderdale, Fla.
119. Glendale, Ariz.
120. Warren, Mich.

61. Arlington, Tex.
62. Norfolk, Va.
63. Las Vegas, Nev.
64. Corpus Christi, Tex.
65. St. Petersburg, Fla.
66. Rochester, N.Y.
67. Jersey City, N.J.
68. Riverside, Calif.
69. Anchorage, Alaska
70. Lexington, Ky.a
71. Akron, Ohio
72. Aurora, Col.
73. Baton Rouge, La.
74. Raleigh, N.C.
75. Stockton, Calif.
76. Richmond, Va.
77. Shreveport, La.
78. Jackson, Miss.
79. Mobile, Ala.
80. Des Moines, Iowa
81. Lincoln, Nebr.
82. Madison, Wis.
83. Grand Rapids, Mich.
84. Yonkers, N.Y.
85. Hialeah, Fla.
86. Montgomery, Ala.
87. Lubbock, Tex.
88. Greensboro, N.C.
89. Dayton, Ohio
90. Huntington Beach, Calif.

1. New York, N.Y.
2. Los Angeles, Calif.
3. Chicago, Il.
4. Houston, Tex.
5. Philadelphia, Pa.
6. San Diego, Calif.
7. Detroit, Mich.
8. Dallas, Tex.
9. Phoenix, Ariz.

10. San Antonio, Tex.
11. San Jose, Calif.
12. Baltimore, Md.
13. Indianapolis, Ind.
14. San Francisco, Calif.
15. Jacksonville, Fla.
16. Columbus, Ohio
17. Milwaukee, Wis.
18. Memphis, Tenn.
19. Washington, D.C.
20. Boston, Mass.
21. Seattle, Wash.
22. El Paso, Tex.
23. Cleveland, Ohio
24. New Orleans, La.
25. Nashville, Tenn.
26. Denver, Colo.
27. Austin, Tex.
28. Fort Worth, Tex.
29. Oklahoma City, Okla.
30. Portland, Oreg.

31. Kansas City, Mo.
32. Long Beach, Calif.
33. Tucson, Ariz.
34. St. Louis, Mo.
35. Charlotte, N.C.
36. Atlanta, Ga.
37. Virginia Beach, Va.
38. Albuquerque, N. Mex.
39. Oakland, Calif.
40. Pittsburgh, Pa.
41. Sacramento, Calif.
42. Minneapolis, Minn.
43. Tulsa, Okla.
44. Honolulu, Hawaii
45. Cincinnati, Ohio
46. Miami, Fla.
47. Fresno, Calif.
48. Omaha, Nebr.
49. Toledo, Ohio
50. Buffalo, N.Y.
51. Wichita, Kans.
52. Santa Ana, Calif.
53. Mesa, Ariz.
54. Colorado Springs, Co.
55. Tampa, Fla.
56. Newark, N.J.
57. St. Paul, Minn.
58. Louisville, Ky.
59. Anaheim, Calif.
60. Birmingham, Ala.

Figure 33–1. Cities selected for Domestic Preparedness program (in order of population). 
aNot a city government. (Source: US Army Chemical and Biological Defense command.)
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moulaged victims; most students found it to be the highlight
of the training session.

It is interesting to note that an ongoing quality impro ve-
ment process, using feedback from the student e valuations
and city officials, resulted in the program creating eight up-
dated versions by the time it transitioned from its original
sponsor, the SBCCOM to the Department of Justice (DOJ)
in October 2000. During the Department of Defense’ s
tenure, 28,500 responders (medical and nonmedical) in
1,700 classes were trained in 105 cities.

One of the authors of this chapter was the primary devel-
oper of the first DP program medical module, which began
as a component of the first responder program of instruction
used in Denver, Colorado. This module was later replaced
by two distinct medical courses—one for prehospital pro-
viders and one for hospital providers.

The DP program visited each city for one week, during
which time six courses were of fered. The courses were Re-
sponder Awareness, Responder Operations, Technician–
EMS, Technician–HazMat, Technician–Hospital Provider,
and Incident Command System. The final day was set aside
for a table-top exercise, which was intended to reinforce the
lessons learned earlier in the week while pro viding the op-
portunity for participants of dif ferent disciplines to interact
with one another, sometimes for the first time. The first city
to receive the complete DP program was Philadelphia.

Once the train-the-trainer program was completed, sub-
sequent return visits to the cities were used to conduct
broader table-top exercises integrating local and state par-
ticipants, with the endpoint of the learning process being a
wide-scale field exercise. The exercises were also intended
to reinforce the training, to evaluate its ef ficacy, and to
provide feedback to the participants in the form of after ac-
tion reports.

The DP program Awareness level training (the basic, in-
troductory course) incorporated a paradigm described with
the acronym “RAIN”—recognize, avoid, isolate, and notify.
These are great umbrella concepts for any medical response
to terrorism and serv e to heighten a wareness by early
recognition and suspicion, which are even more relevant in
today’s times of “heightened vigilance” recommended by
the Department of Homeland Security . Avoiding contact
with victims and/or toxic substances protects the responder
and reduces any possible spread of contamination as does
isolation. Notification alerts the appropriate authorities and
opens the lines of communication for requesting additional
resources from state and federal agencies.

Two unique teaching methods were utilized. One w as
teaming an emergency responder with a subject matter ex-
pert to combine the skills and expertise of the nation’s nu-
clear, biological, and chemical experts with the skills and
expertise of experienced emergency responders (12). The
other was the emphasis on what w as coined the NBC
Delta—the “difference between the standard HazMat in-
cident and one involving the use of nuclear , biological or
chemical, materials often referred to as Weapons of Mass
Destruction (WMD)” (13). It is interesting to note that
these terms ha ve been used interchangeably , and, as
knowledge has become more sophisticated and dif ferent
organizations have tried to personalize their training ef-
forts, many new acronyms have emerged. Examples in-
clude B-NICE (Biological, Nuclear, Incendiary, Chemical
and Explosive agents) and CBRNE (Chemical, Biologi-
cal, Radiological, Nuclear and high-yield Explosi ve)
which is the current acron ym of choice for the Depart-
ment of Defense (DOD).

The NBC Delta can be graphically illustrated (Fig. 33-
2) (14) as a triangle with the broader base representing
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existing emergency response training and the narro wer
apex the additional NBC information pro vided in the DP
program. Using a “b uilding block approach” (15) exist-
ing training is supplemented with terrorism and NBC
training (Fig. 33-2).

Many similarities exist between a hazmat incident and
an NBC attack (16). Terrorist events will likely result in
many individuals presenting with medically une xplained
physical symptoms (the “w orried well”), which could
rapidly overwhelm the health care system and necessitate
the use of novel triage methods to isolate actual from po-
tential victims (17). Hospitals currently operate at maxi-
mum bed capacity and use just-in-time supplies. In order
to cope with the sudden increased needs resulting from a
terrorist attack, the ability to increase sur ge capacity
must be developed ahead of time. One of the goals of the
DP program w as to help enhance the sur ge capacity,
while also making it practical and applicable to normal
disasters, epidemics, and other times of increased use of
health care and emergency response resources.

One of the major adv antages of the DP program w as
the integration of local, state, and federal agencies at the
regional level. This merger has set the precedent for more
recent planning and educational ef forts including those
now funded by the Centers for Disease Control and Pre-
vention (CDC) and the Health Resources Service Admin-
istration (HRSA), both of which call for re gionalization
of planning efforts.

A serious disadvantage was the decision to select cities
based on population size, without considering either their
possible vulnerability or proximity to one another . As a
result, some large geographical re gions of the country
were bypassed. It was also thought that by directly inter-
acting with the city administrations, DOD may not ha ve
taken advantage of existing training structures and emer-
gency management already in place in the states (18).

The DP program laid a solid groundw ork for future
WMD training. But it is important to note that the pro-
gram did not operate in a v acuum. During the same pe-
riod, the U.S. Army Medical Research Institute of Chemi-
cal Defense (USAMRICD) and the U.S. Army Medical
Research Institute of Infectious Diseases (USAMRIID)
were providing courses both at their facilities in Maryland

and, starting in 1998, via satellite broadcast. Both organi-
zations developed for the military handbooks that became
widely used by f irst responders and were distrib uted to
the students who participated in the medical modules of
the DP program (19). These handbooks, together with the
Textbook of Military Medicine (see the Resources section
at the end of this chapter), are available both on CD-ROM
and on the Internet for download to a PDA.

The Department of Justice’ s Office of Justice Pro-
grams (OJP), which was responsible for the DP program
after its transition from DOD, developed the National
Domestic Preparedness Consortium, whose five mem-
bers, Louisiana State University, Texas A&M University,
the New Mexico Institute of Mining and Technology, the
Department of Energy’s Nevada test site, and OJP’s Cen-
ter for Domestic Preparedness at F ort McClellan, Al-
abama, received funding to de velop and implement spe-
cialized training for first responders.

The General Accounting Office’s report “Combating 
Terrorism: Observations on the Nunn-Lugar -Domenici
Domestic Preparedness Program” describes an ef fort to
coordinate multiple training efforts (20). This task fell to
the Department of Justice, which uses se veral different
mechanisms to unify a fragmented system and to ensure
that trainers and educators are pro vided with a com-
pendium of courses from which to select those most
suited to their purposes. The Office for Domestic Pre-
paredness (ODP) training catalog (21) gives the educator
detailed descriptions of courses of fered. Local organiza-
tions apply to their state’ s training point of contact who,
once this has been appro ved, works with the ODP train-
ing partner to schedule the course either at a location
within the requesting jurisdiction or at the training part-
ner’s site.

A task force con vened for the purpose of identifying
objectives and competencies for training in NBC pre-
paredness concluded that there is a lack of NBC response
training in U.S. medical and nursing schools (22). There
is only limited training in NBC preparedness in emer-
gency medicine residency training programs.

The OJP ODP, formerly the Office for State and Local
Domestic Preparedness Support (OSLDPS), developed a
training strategy for f irst responders re garding who
should be trained and what tasks the y should be trained
to perform. They describe how to select deli very meth-
ods and training sites for optimum results, evaluation
methods, and how to determining the gaps in the existing
training (23,24). This is summarized in the six k ey is-
sues that are basic to teaching ef forts relating to NBC
terrorism as documented in Fig. 33-3 (25). The ODP
model process for WMD training is illustrated in Fig.
33-4 (26).

The resultant ODP Training Strategy and ODP Emer-
gency Responder Guidelines give detailed discussions on
the skills, knowledge, capabilities, and recommendations
needed for an effective response and provide an excellent
tool for educators to use to ensure that all the dif ferent
pieces of the response can be coordinated into a cohesive
unit (i.e., interoperability). (See the Resources section at
the end of the chapter.) In the electronic version of the re-
sponder guidelines, each response element is link ed to
the appropriate training courses for easy access.
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Figure 33–3. Key issues for part one.



EVOLUTION OF INNOVATIVE EDUCATION

Since the attacks on the World Trade Center and the 
Pentagon on September 11, 2001, and the anthrax attacks
of October 2001 many innovative training programs have
been developed. The urgency of improving the prepared-
ness status of the f irst response community and that of
the hospitals—“first receivers”—combined with addi-
tional funding from the Department of Homeland Secu-
rity, CDC, and HRSA, have provided incentives to f ind
better methods to reach lar ger audiences as quickly as
possible. For example, following the anthrax attacks of
2001 and the disco very of SARS, many just-in-time In-
ternet-based learning tools were pro vided to the medical
community to teach the pathophysiology of these dis-
eases, how to protect oneself, recognition of signs and

symptoms, decontamination, isolation, treatment, etc.
Another example of such adaptation is a program entitled
“Terrorism Response and Emergency Care” (TREC) that
was developed in the southwestern United States. It uses
a 4-hour teaching module deli vered twice-daily at v ari-
ous sites and electronic audience participation systems.
The goal of such a course is to pro vide teaching to busy
health care providers to whom such information is essen-
tial, in a concise, efficient format. (14, personal commu-
nication).

It is becoming clear that some flexibility needs to exist
in training formats and techniques. Based on this prem-
ise, ODP is now pursuing a blended learning approach to
provide modular training content in a v ariety of medi-
ums. The ODP is adv ocating the application of techno-
logical advances with more traditional training methods.
Two examples of the blended learning approach are Navy
Medicine’s Disaster Preparedness, Vulnerability Analy-
sis, Training and Exercise (DVATEX) program and Dart-
mouth’s Virtual Terrorism-Response Academy (VTRA).
Next-generation methods are being used to better prepare
our nation’s medical providers and to improve their abil-
ity to respond to an act of terrorism.

The U.S. Navy Medicine Office of Homeland Security
developed the DVATEX program to help Na vy hospitals
and clinics w orldwide strengthen their le vel of emer-
gency preparedness to meet ne w threats in the en viron-
ment. This program uses tw o new self-assessment tools.
The first of these is described as the “Hospital Emer-
gency Analysis Tool” or HEAT, which assesses the pres-
ence of over 250 factors contributing to effective hospital
emergency response. The second is the Analysis Tool for
Ambulatory Care (A TAC). After the self-assessment
process is complete, a multidisciplinary team of emer-
gency preparedness experts visits each Navy hospital and
clinic and conducts CBRNE training for hospital staf f,
performs a vulnerability analysis, and stages an infec-
tious disease table-top e xercise to validate the f acility’s
emergency management plan. The DVATEX program en-
deavors to identify vulnerabilities and pro vides recom-
mendations for remedies, while helping de velop long-
term plans to impro ve preparedness le vels. Table-top
exercises, which are simulated NBC attacks, have been
conducted both in the continental United States and at
U.S. Navy facilities overseas.

The VTRA model is being de veloped by Dartmouth’s
Program on Counterterrorism Preparedness and Training
(PCPT) (27,28). This program focuses on de veloping
multimedia and Web-based education and sometimes
uses advanced video gaming softw are techniques in a
novel way to engage students in terrorism preparedness.
Students are being taught ho w to recognize terrorist at-
tacks, respond to incidents properly , and protect them-
selves and members of their communities.

This chapter provides an introduction to various meth-
ods either currently a vailable or in de velopment to edu-
cate health care providers on how best to respond to acts
of terrorism. The discussion includes an introduction to
the DP program and other training programs, an evalua-
tion of the v alue of realistic e xercises, and a re view of
some Internet and technology-based courses, as well as
an assessment of the importance of curriculum design.
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Model Process for WMD Training

Determine “Mission” of Training Initiative.

Identify the Disciplines or Organizations
Housing Emergency Responders to WMD Incidents.

Develop Matrix Task Needs Assessments for
Emergency Responders in WMD Incidents.

Establish the Tasks (Knowledge, Skills, and Abilities)
Unique to WMD Incidents.

Determine the Criticality of Each Task,
as Well as the Complexity of Each Task.

Specify the Training Methods and
Site Most Appropriate for Each Task.

Articulate Enabling Objectives or
Learning Objectives for Each Task.

Courses Should be Sequenced Based on
Complexity and Competencies/Proficiencies.

Identify the Tasks not Addressed in Existing Training.

Develop or Influence Training for Those Tasks.

Figure 33–4. Model process for WMD training.



RESOURCES

1. “Emergency Preparedness and Response Competencies
for Hospital Workers,” “Bioterrorism and Emergency
Readiness for All Public Health Workers,” and “Interna-
tional Nursing Coalition for Mass Casualty Education—
Educational Competencies for Registered Nurses Re-
sponding Mass Casualty Incidents.” Available from:
http://www.nursing.hs.columbia.edu/institute-centers/
chphsr/index.html.

2. Textbook of Military Medicine—TMM8 Medical As-
pects of Chemical and Biological Warfare, Office of the
Surgeon General, Dept. of the Army.

3. Medical Management of Chemical Casualties Hand-
book. Available at http://www.gmha.org/bioterrorism/
usamricd/Yellow_Book_2000.pdf.

4. Medical Management of Biological Casualties Hand-
book. Available from: http://www.nbc-med.org/
SiteContent/HomePage/WhatsNew/MedManual/Feb01/
handbook.htm.

5. Medical Management of Radiological Casualties, 2nd
edition., Bethesda, MD: Armed Forces Radiobiology 
Research Institute; April 2003. Available from: http://
www.afrri.usuhs.mil/www/outreach/pdf/2edmmrchand-
book.pdf; Site visited on April 18, 2004.

6. Office for Domestic Preparedness, Approach for
Blended Learning. Available from: http://www.ojp.
usdoj.gov/odp/blendedlearning/pdfs/bls.pdf.

7. Office for Domestic Preparedness Weapons of Mass
Destruction Training Program: Enhancing State and
Local Capabilities to Respond to Incidents of Terrorism.
Available from: http://www.ojp.usdoj.gov/odp/docs/
coursecatalog.pdf.

8. Jane’s Mass Casualty Handbook: Hospital Emergency
Preparedness and Response.

9. Jane’s Mass Casualty Handbook: Pre-hospital Emer-
gency Preparedness and Response.

10. Centers for Disease Control and Prevention. Useful in-
formation on education, including announcements of
satellite broadcasts and Web-based training courses are
also available to the reader on the CDC’s web site:
www.cdc.gov.

11. University web sites provide another excellent resource
as do those of local and state government.

12. Texas Terrorism Response and Emergency Care
course, 2002–2003, University of Texas Southwestern
Medical Center, Dallas, Texas, and the Texas Depart-
ment of Health. D. C. Keyes, personal communication.

13. Colombia University School of Nursing, Clinical Com-
petencies for Different Health Care Providers and 
Public Health Workers. Available from: http://www.
nursing.hs.columbia.edu/institute-centers/chphsr/
index.html.

14. Office for Domestic Preparedness, ODP Approach for
Blended Learning. Available from: http://www.ojp.
usdoj.gov/odp/blendedlearning/pdfs/bls.pdf.
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34
Technology Applications 
in Preparedness Training
Timothy D. Peterson

INTRODUCTION

Preparedness education, training, and learning opportunities
are absolutely essential for an ef ficient and effective med-
ical response system to terrorism. The classrooms of today
have a multiform appearance, with no standard single set-
ting or method of teaching. The traditional classroom set-
ting with students and teacher in the same room at the same
time doing the same thing is often e volving into a virtual
classroom where students are able to access instructional
material and complete the course objecti ves at a time and
place of their convenience. Education and training in health
sciences have traditionally taken place both in the classroom
and at the patient bedside to enable cogniti ve and psy-
chomotor skills to be inte grated in real time. Current de-
mands for terrorism training are exceeding the means avail-
able by traditional settings alone. 

The recent technological de velopment of distance
learning and simulators with the capability of physiologi-
cal response monitoring associated with changing scenar-
ios and hands-on interv ention enables a lar ger number of
students to participate in initial training and refresher e x-
periences. It is becoming apparent that today’ s challenges
of terrorism training will be increasingly addressed by
emerging opportunities pro vided by ne w applications of
technology, which are creating ne w paradigms for educa-
tion. As participants in this ne w technology w ave, both
teachers and students have increasing access to rich learn-
ing environments. 

In order to de velop and implement a successful medical
response to the terrorism training process, it is important to
understand not only the fundamentals of the learning process
but also to be a ware of recent adv ances in technology and
their potential applications. This chapter provides an overview
of learning theory and process and then focuses on the technol-
ogy available and the related challenges integrating technology
into the health sciences for terrorism training. Because this 
is a relati vely new challenge to educators and v ariables are
unique to each setting, principles that apply for integrating new 

technology into education and training are only recently be-
ginning to emerge. As new applications develop, outcomes re-
lated to retention of skills and knowledge for terrorism train-
ing need to be monitored and published in peer -reviewed
journals in order to provide further guidance as to what tech-
nology is cost ef fective in various settings. The information
here can be used as a resource for planning in conjunction
with needs assessments within indi vidual geographical set-
tings and jurisdictions. Because technical aspects are de vel-
oping rapidly, there are likely some that have not been cov-
ered in this chapter and ne w ones that will ha ve emerged at
the time of this publication. 

PREPAREDNESS ESSENTIALS

LEARNING BASICS

Learning refers to the acquisition of skills, knowledge, abil-
ity, and attitudes. Education refers to the core content and
curriculum objectives designed to achieve the desired learn-
ing. Training refers to the specific process by which learning
of the specif ic core content and curriculum objecti ves is
achieved. Achieving and sustaining a le vel of learning with
the desired impact on skills, knowledge, ability, and attitudes
depend on the effectiveness of the training process to impart
the core content and curriculum objectives to the student. 

Individual students learn in a v ariety of w ays. Three
learning theories are briefly e xamined for consideration.
These involve the behavioral approach, the cognitive ap-
proach, and social learning. Any one of a combination of
these theories may or may not be relevant to a given techno-
logical application to learning. An understanding of how in-
dividuals learn may be useful when considering a specif ic
technological application. 

The behavioral approach (power of rewards) involves the
repeated pairing of a stimulus and response that yields a re-
ward. Pavlov’s (1) groundbreaking w ork with dogs demon-
strated that pairing the ringing of a bell with a meal se veral



times eventually caused the dog to sali vate with the ringing
of the bell alone. Positi ve reinforcement of a stimulus w as
shown to produce a desired (conditioned) beha vioral re-
sponse. Training in a ne w work process must therefore in-
volve positive reinforcement of a stimulus when the desired
outcome is achieved. Likewise, negative stimulus should be
reserved for an undesired outcome. 

The cognitive approach uses the internal mental process
and involves various cues in the environment to form a men-
tal map. In early cogniti ve experiments, for example, rats
learned to run through a maze to reach a goal of food (2).
Repeated trials caused the rats to de velop and strengthen
cognitive connections that identif ied the correct path to the
goal. People can also develop cognitive maps that show the
path to a specific goal. Repeated use of an algorithm for as-
sessment and treatment builds the association with an inter-
nal map and the desired outcome. Training in a ne w work
process should therefore result in a ne w cognitive map of
job performance. With increasing application, the individual
should develop and sustain new links between the tasks that
comprise the job and optimal w ays of linking and perform-
ing them. Advances in technology provide a great opportu-
nity for automated training. Such systems must use cues in-
herent in the situation to help learners de velop cognitive
maps around specific tasks. 

People can also learn by modeling or imitating beha v-
iors, as described in social learning theory (3). This theory
integrates the behavioral and cognitive approaches and in-
volves the following steps:

1. Learners watch others, who act as models.
2. Learners develop a mental picture of the behavior and its

consequences. 
3. Learners try the behavior themselves.
4. Learners repeat the behavior if positive consequences re-

sult. Learners do not repeat the behavior if negative con-
sequences occur. 

Studies analyzing the impact of social learning indicate an
average gain of 17% in performance (4). Dif ferent types of
reinforcement produce dif ferent outcomes. F or example,
performance feedback had a greater impact than monetary
reinforcement in manufacturing organizations, whereas the
reverse was true in service organizations (3). 

Modeling and imitating beha viors as a w ay of learning
can apply to both on-the-job and off-the-job training. Train-
ers present models of good performance, and the trainees
see the relationship between these desirable beha viors and
the consequences. Trainees then rehearse the behaviors and
consequences, building cognitive maps that intensify the
links and set the stage for future beha vior. The learning im-
pact occurs when the subject tries the beha vior and experi-
ences a f avorable result. The learner develops a cogniti ve
image of the situation, which provides a w ay of thinking
about the steps in acquiring ne w skills, knowledge, ability,
or attitudes (5).

The bottom-line question becomes “How can learning be
encouraged?” The answer, fundamentally, is as follows: It
must involve energetic presentations, provide information
in an easily accessible manner , and provide some enjo y-
ment or positi ve stimulus. Successful learning has been

shown to involve the appropriate conditions, reinforcement
of the desired learning beha viors, environmental cues that
encourage learning, and a modeling strategy (6). 

PERFORMANCE-BASED LEARNING 

Education and training within the health sciences is in-
creasingly using a performance-based or competenc y-
based theory of design. In the computer science f ield, for
example, Cisco System’s RIO (Reusable Information Ob-
jects) project is e xplicitly performance based. Based on
work from Ruth Clark (7) embracing contemporary learn-
ing theory, RIO views all training as a means to enable a
worker to complete a task successfully (8). This process
follows three steps:

1. Identify the job task.
2. Identify the skills and knowledge necessary to complete

the task.
3. Develop training in modular chunks that are organized to

support the task.

Using the RIO model, learning is based on outcome rather
than content. It focuses on what people need to do, rather
than on what there is to know. 

Suppose, for example, a medical equipment compan y
produced a ne w device. The content approach to training
would list the product’ s features, develop instruction on
these features, and then quiz for recall of the features. In
contrast, an outcome approach would begin by assessing the
patient’s indications for use of the device and then match the
patient’s needs to the de vice’s capabilities. The quiz would
be performance based and involve the ability to use the de-
vice correctly in appropriate patient scenarios. 

As technology applications are w oven into the learning
process, it becomes clear that suitable tools and resources de-
pend on the o verall core content and objecti ves of learning
and how to achieve a successful performance-based outcome. 

DISTANCE LEARNING

Within the context of rapid technological change and shift-
ing market conditions, the American education system is
challenged with providing increased learning opportunities,
often with decreased b udgets. Many educational institu-
tions are answering this challenge by de veloping distance
learning. The United States Distance Learning Association
(USDLA) defines distance learning as “the acquisition of
knowledge and skills through mediated information and in-
struction, encompassing all technologies and other forms of
learning at a distance” (9). At its most basic level, distance
learning takes place when a teacher and student(s) are sepa-
rated by physical distance and technology (i.e., voice,
video, data, and print), often in concert with f ace-to-face
communication, is used to bridge the instructional gap (10).
Distance learning therefore encompasses all technologies
and supports the pursuit of lifelong learning for all (11). 

Distance learning has the distinct advantage of providing
students with limited time, distance, or physical disability
the opportunity to update their kno wledge at the place of
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their employment or e ven at home. The scheduling of
courses for distance learning often takes into consideration
that most of the students are w orking professionals who
participate in continuing education programming in addi-
tion to their full-time job responsibilities. Therefore, a dis-
tinct advantage of distance learning is the ability to schedule
at the learner’s discretion regarding time and location. 

Providing access across a wide geographical area involv-
ing not only the urban setting b ut also rural, remote, and
wilderness areas makes the application of distance learning
methodologies essential. Re gardless of the classroom set-
ting, a wide range of instructional methodologies is a vail-
able to f acilitate interaction on site or through distance
learning. The decision re garding which methodology will
be applied is often driven by cost, flexibility for the faculty
and students, objectives, content, and outcomes supported
by available technology. 

Research comparing distance education to the traditional
classroom setting indicates that teaching and studying at a
distance can be as ef fective as traditional instruction when
methods and technologies used are appropriate to the in-
structional tasks, there is student-to-student interaction, and
there is timely teacher-to-student feedback (12,13). Accord-
ing to the USDLA, research studies have found consistently
that distance learning classrooms can be as ef fective as tra-
ditional instruction methods. In addition, research studies
often point out that student attitudes about distance learning
are generally positive (14). 

Distance learning has become increasingly common.
Most students who enroll in distance education courses are
over 25 years old, employed, and have previous college ex-
perience. More than half are w omen. As a group, distance
learners are highly motivated (15). Therefore, the successful
distance learner is, by definition, a committed student who
will establish a schedule and adhere to it. A wide range of
employers are f inding it dif ficult to release emplo yees for
on-campus study and discovering it is a good investment to
bring the classroom to their w ork sites. According to a sur-
vey conducted by the International Foundation of Employee
Benefits Plans, employees rank continuing education as
more important than child care, flextime, and family leave
(15). Faced with retraining 50 million American workers,
corporate America is using distance learning, both internally
and externally, for all aspects of training (14). 

A wide variety of technological options is a vailable for
distance learning. The four major cate gories of deli very,
based on the Uni versity of Idaho Colle ge of Engineering
Outreach overview (16), are as follows:

1. Voice: Instructional audio tools include the interactive
technologies of telephone, audio conferencing, and
short-wave radio. Passive (one-way) tools include tapes
and radio.

2. Video: Instructional video tools include still images such
as PowerPoint presentations, preproduced moving im-
ages (e.g., film, videotape), CD/DVD-based presentation
with live and synchronized online component, and live
and archived webcasting or utilization of learning plat-
forms such as WebCT or Blackboard.

3. Data: Computers send and receive information electroni-
cally. For this reason, the term “data” is used to describe

this broad category of instructional tools. Computer ap-
plications for distance education are varied and include
the following:

� Computer-assisted instruction (CAI): Uses the
computer as a self-contained teaching machine to
present individual lessons. 

� Computer-managed instruction (CMI): Uses the
computer to organize instruction and track student
records and progress. The instruction itself need
not be delivered via a computer, although CAI is
often combined with CMI. 

� Computer-mediated education (CME): Describes
computer applications that facilitate the delivery of
instruction. Examples include electronic mail, fax,
real-time computer. 

4. Print: Forms the foundation of all education programs
and is the basis of all the other delivery systems. Various
print formats include textbooks, study guides, work-
books, course syllabi, and case studies. 

The four categories just listed form a basic model, but tech-
nology is rapidly leading to ne w applications as the World
Wide Web related software and hardware expands with op-
portunities, speed, and access. Web-based instruction
(WBI) is a hypermedia-based instructional method that uti-
lizes the attrib utes and resources of the Web to create a
meaningful learning en vironment where learning is fos-
tered and supported. Kahn (17) reports that WBI should in-
clude many resources, support collaboration, implement
web-based activities as part of the learning framework, and
support both no vices and e xperts in the conte xt of the
Web’s potential in relation to instructional design princi-
ples. E-mail in a WBI instructional program can pro vide
asynchronous communication among students and instruc-
tor. Likewise, e-mail, listserves, newsgroups, and confer-
encing tools can jointly contrib ute to the creation of a vir-
tual community on the Web. 

Although technology plays a k ey role in the deli very of
distance learning, educators must remain focused on in-
structional outcomes, not the technology of deli very. The
key to effective distance learning is focusing on the needs of
the learners, the requirements of the content, and the con-
straints faced by the instructor before choosing a deli very
system. Effective distance learning programs de velop with
careful planning and e volve with hard w ork and dedicated
efforts of many individuals, including the integrated efforts
of students, faculty, facilitators, support staff, and adminis-
trators. Meeting the instructional needs of the students to
master the education content is the litmus test by which the
effectiveness of distance learning programs must be judged.

Distance learning has the promise of being more efficient
from a time and cost per student perspecti ve. The USDLA
reports that major corporations save millions of dollars each
year using distance learning to train emplo yees more effec-
tively and more ef ficiently than with con ventional methods
(14). Effectiveness of achieving cognitive skills has been val-
idated (12–14), but effectiveness related to psychomotor
skills is not yet widely reported. Until recently , applications
of distance learning in health sciences have been most suited
to cognitive aspects of learning and are now widely reported
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in the literature (18–25). With the development of fiber-optic
and satellite communication systems in volving simultane-
ous audio and visual capabilities has come the possibilities
of patient consultation, instruction, and oversight of diag-
nostic and sur gical techniques and patient follo w-up con-
necting the rural/remote/wilderness physicians and their pa-
tients with tertiary referral centers and their specialists.
Medical literature is now beginning to report success stories
regarding the psychomotor aspects of distance learning
(26–39). The concept of a virtual medical campus is no w
breaking the barriers of time and space, a revolution that has
great capacity to influence every aspect of medicine, the ad-
vent of which may pro ve crucial to meet current needs for
disaster medicine training. 

TELEMEDICINE

The first telemedicine standard to be de veloped, docu-
mented, and adopted widely w as the radiology standard,
which includes technical and image transmission standards
as well as requirements and qualifications needed for telera-
diology practice (37). Subsequently, many other subspecial-
ties are engaging in telemedicine, finding the need and use
of special skills and kno wledge. For example, a surgeon
faced with the need to pro vide an acute interv ention can
benefit from real-time operative assistance from colleagues
in another state or country. When faced with implementing a
new lifesaving procedure for the f irst time, in lieu of send-
ing an unstable patient man y miles away where the proce-
dure is done routinely , telemedicine technology pro vides
immediate access and can sa ve considerable time and e x-
pense. The telepresence surgery system permits the surgeon
to operate on a patient across a distance, achieved through
real-time 3D video vision, stereo audio, and remote instru-
ment control with haptic feedback (31). Sur gical applica-
tions are reported for virtual reality simulator training in
arthroscopy (28), endoscopic (38), laproscopic (26,39), and
cardiac procedures (32) in a real-time learning environment
where a series of tasks can be e valuated to determine when
competence is achieved. Although virtual reality surgery ex-
ists, a number of challenges remain to impro ve realistic
models of the human body: creating interface tools to view,
hear, touch, feel, and manipulate these human body models,
and integrating virtual reality systems into medical educa-
tion and treatment (36). 

Cruise ship medicine f acilities are adding telemedicine
consultation capabilities to benefit passengers with diagnos-
tic and treatment challenges when at sea. Similarly , national
and international netw orks of health service pro viders that
offer telemedicine and teleconsultation services to remote,
isolated places and to ship vessels for both routine and emer-
gency situations are co vering a gap not fulf illed by current
bureaucratic and telematic procedures (35). Consultation and
follow-up of primary care cases for dermatology, neurology,
cardiology, otolaryngology, and many other specialties are
finding telemedicine a useful adjunct for immediate feed-
back versus sending the patient miles away and awaiting the
written report from the consultant by mail (25,27,29,30,34).
Radiologists have the capability to read x-rays and scans on
patients without needing to be at the facility, enabling timely
interpretation for rural/remote/wilderness areas that are

faced with treatment and transfer decisions dependent on the
radiologist’s report (37). 

These and many other emerging applications hold prom-
ise to utilize telemedicine and other technical adv ances 
increasingly within not only the cogniti ve but also the psy-
chomotor and decision-making processes of clinical medi-
cine. Indeed, the practice of medicine has entered a virtual
reality where we transmit more details about the patient di-
rectly to our medical colleagues with direct feedback in-
stead of sending the patient, often in poor health, a long dis-
tance for e valuation and treatment, which is often further
delayed by scheduling issues. 

Telemedicine’s potential to transform medical practice
has become a reality , but many legal and ethical concerns
have yet to be resolv ed. Silverman (40) reports four main
areas of concern: the doctor-patient relationship, malprac-
tice and cross-border licensure, standards, and reimburse-
ment. Gaining widespread support from providers, patients,
and regulatory bodies as an acceptable means of health serv-
ice delivery will require consensus on standards of la w and
ethics. Additionally, the implications of conf identiality re-
lated to the practice of telemedicine are becoming more ap-
parent with time and use. Recording, transfer, and storage
of patient information are increasingly re gulated to protect
patient confidentiality, and failure to comply with require-
ments of the federal Health Insurance Portability and Ac-
countability Act of 1996 (HIPAA) can place the clinician at
risk for f ines and licensure sanctions. A complete discus-
sion of this is be yond the scope of this chapter , and addi-
tional detail may be found on the HIP AA web site at
http://cms.hhs.gov/hipaa/. Health care pro viders must be
aware of compliance issues and are encouraged to seek
guidance specific to their clinical setting from their individ-
ual employers. 

CAUTION AREAS FOR 
DISTANCE LEARNING

Recently there has been an e xplosion of distance learning
programs at academic centers and on the Internet. Impor-
tant red flags to watch for when considering distance learn-
ing programs, based on the w ork of Thomas (41), are as
follows:

1. Have you looked deeper than the web site or catalog?
Questionable organizations can produce spectacular
web sites and call themselves bona fide educational in-
stitutions. It is time for the buyer to beware of bogus
degree mills that can be mistaken for legitimate institu-
tions by the uninformed. 

2. Is the provider accredited by a recognized authority?
Accreditation is the number-one verifier of the quality
of a distance learning provider. All accreditation
providers are not equal or recognized. The U.S. De-
partment of Education (www.ed.gov) has a list of veri-
fied accreditors as does the Council for Higher Educa-
tion Accreditation (www.chea.org). The Distance
Education Training Council (www.detc.og) also can
help verify accreditors. Check to see that the institution
is properly licensed and approved in the state where it
is located. 

http://cms.hhs.gov/hipaa/
http://www.ed.gov
http://www.chea.org
http://www.detc.og
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3. Will the certificate or credit apply and be recognized in
your professional field? Especially for medical 
sciences that require medical licensure or certification
within the state of practice, it is critical to know if the
distance learning courses will meet state-established
requirements for the particular professional field.
Transferring credit is just as important. You must know
ahead of time if the course will be credited at future 
institutions. 

4. Does the provider have a track record of success? With
distance learning evolving so quickly, it is often hard to
judge quality based on longevity. Some very good pro-
grams are just getting started. At a minimum it is wise
to ask if the course has been taught before or is part of
a pilot. If there is no prior information about the course
or program, investigate the track record of the organiza-
tion itself.

5. Are the admissions policies too easy? Watch out for
programs that admit students with few restrictions.
Also, credit for past experience without close evalua-
tion is unacceptable. 

6. Is the class too big for adequate feedback from and in-
teraction with the faculty? Without having to provide
physical seating, the temptation for providers is to over-
fill a class with paying students. The more students per
faculty member, the less apt students are to get the at-
tention they need. Distance teaching and learning is
often more difficult in that the contact between teacher
and student can be more demanding, necessary, and
time consuming to allow for adequate evaluation and
feedback. 

7. What is the course content and how is the material pre-
sented? In the rush to attract the growing number of
students interested in distance learning, some institu-
tions focus on high-demand fields without much regard
for whether they possess the expertise. Seek informa-
tion from professional societies and accrediting bodies
about the history and performance of a provider as a
way to access quality. 

8. Are the faculty qualified? There is a big difference be-
tween instructing a room full of students and interact-
ing with virtual students. To really teach, instructors
can’t simply tape their lectures and send them off. Be-
cause many courses are designed for working profes-
sionals, a combination of educational credentials,
teaching experience, and real-world experience is im-
portant to look for in instructors. 

9. What is the level of interaction between students 
and faculty members? Interaction is vital to the suc-
cess of the student who sits alone instead of interact-
ing in a classroom. Instructors must be open to 
questions and comments at all times, and e-mail
makes this readily possible. Other options are by fax
and phone. 

10. What is the institution’s response to your specific
questions? If you send an e-mail about taking a
course and do not receive a prompt response, this is a
legitimate concern. Responses must be timely and
complete. 

11. What do current and past students who have completed
the course(s) say about the program? Comments about
courses and feedback from students should be available
for prospective students. It can’t hurt to observe or eval-
uate comments of peers about their distance learning ex-
perience.

PREPAREDNESS HISTORICAL EVENTS
AND CASE HISTORIES

Applications of technology for domestic preparedness and
disaster medicine are beginning to emerge from recent mili-
tary experience (42–44). Disaster response application to
telemedicine was well demonstrated in the aftermath of the
tragic earthquake in So viet Armenia in 1988. Using dis-
tanced learning to deli ver first aid training in 1998 w as re-
ported successful in Alberta, Canada (45). The Alberta pilot
study found that self-paced learning of the didactic compo-
nent for f irst aid training w orked well; however, hands-on
evaluation of skills w as mandatory to certif ication. There-
fore, mass training where certif ication is needed requires a
mixture of distance learning and hands-on testing. As virtual
reality simulation teaching de vices improve with advances
in technology, evaluators may be able to participate in the
certification or credentialing process from a distance. The
examples described and references cited in the recent surgi-
cal literature just referenced demonstrate that conf irming
psychomotor aspects of learning can be done ef fectively
from a distance. 

TECHNOLOGY APPLICATIONS

Applications of technology for domestic preparedness and
disaster medicine can no w be envisioned. Required at this
time is a series of well-structured and ongoing planning, im-
plementation, and evaluation activities to determine what
applications are cost effective in terms of skills and kno wl-
edge retention. The total financial requirements and how to
support the costs associated with widespread implementa-
tion and evaluation are not fully understood, and the politi-
cal intrigue of who gets what, where, when, and how has yet
to be played out. These are some common comple xities of
the landscape that new technology faces among developers,
marketers, suppliers, and consumers. How this will e volve
and be paid for in the context of doing the most public good
are beyond the scope of this chapter. 

Nevertheless, live simulated patient encounters on
management of urgent clinical problems that arose during
management of the mannequin simulator in a highly real-
istic clinical setting ha ve been reported as a successful
learning model (46). Scenario preparation for disaster
preparedness training using “smart mannequins” with the
capability of physiological response monitoring associ-
ated with changing scenarios and hands-on interv ention
has recently been de veloped as part of the American
Medical Association’s (AMA) national training pro-
gram, the Advanced Disaster Life Support (ADLS)
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course (47). P articipants involve students interacting as
coworkers of a clinical treatment team evaluating a series
of patient scenarios in volving any type of nuclear , bio-
logical, chemical, or environmental exposure event. The
instructor and technical assistants change the ph ysiologi-
cal parameters of the mannequin based on the treatment
team’s assessment and interv entions. For example, pupils
dilate or constrict depending on type of chemical exposure
and treatments given. Lung sounds diminish as a result of
injury and increase after chest tube insertion. The quality
and rate of pulses change in response to treatment or lack
of appropriate treatment. 

In relation to a battlef ield or disaster situation, a virtual
system can provide the environment to perfect skills and re-
hearse procedures before entering a hostile or chaotic li ve
situation (48). Virtual environments involving tabletop sce-
narios using interactive computer-based technology have re-
cently been developed to allow a team of responders (public
safety, fire, EMS, etc.) to evaluate a given scenario, imple-
ment activities, watch the scenario evolve as a result of their
decisions, and work as a team through a series of e vents
until the exercise is completed. The intensity of the scenario
can be adjusted to add a higher le vel of challenge for the
team, such as an increased number of victims, more severe
weather, and public interference at the scene. The scenario
may require a sequential set of steps that the team must per-
form successfully in order for the conditions of the scene to
mitigate and resolve. 

CHALLENGES

A set of objecti ves for the training of emer gency physi-
cians, emergency nurses, and EMTs to care for casualties
resulting from nuclear, biological, and chemical incidents
was published in April 2001 by the U.S. Department of
Health and Human Services Of fice of Emer gency Pre-
paredness and the American College of Emergency Physi-
cians joint task force on disaster medicine training (49).
Implementation of the core content and determining com-
petencies for the nation’s health care workforce in the out-
of-hospital and hospital settings in order to assure timely
and appropriate care along a seamless continuum will be a
monumental challenge. In the United States today , there
are approximately 700,000 EMTs. A significant number
are volunteers, of whom approximately one-half are em-
ployed by private companies and the other half are w ork-
ing with local f ire departments or local go vernment 
agencies. There are approximately 90,000 emer gency
nurses and 32,000 emer gency physicians working in ap-
proximately 5,000 emer gency departments. Almost no
course work specific to disaster medical response is cur-
rently included in the requirements for training and certi-
fication/licensure of an y of these health care pro viders
(49). The AMA has taken action to meet this national edu-
cational and training need. In collaboration with se veral
founding academic institutions and a consortium of
prominent health care pro vider and w orkforce organiza-
tions, agencies, and academic institutions, the AMA has
developed the National Disaster Life Support (NDLS)
program. This program is a national initiati ve involving a

series of standardized courses that establish a uniform
foundation in all-hazards disaster training for the compre-
hensive target audience of the health care workforce (50).
The need for both initial and ongoing training of the
nation’s first-line health care providers is staggering and al-
most certainly cannot be met alone by traditional classroom
instructional methods. Advances in technology described in
this chapter unquestionably play a signif icant role in meet-
ing the short-term training needs and long-term update
training of these groups. Expansion of the virtual classroom
into the remote and wilderness areas will pro vide an oppor-
tunity for volunteer EMS providers to continue to learn and
lessen the hardships involved if they were required to leave
their communities and jobs to complete additional training
requirements. Nurses and physicians lik ewise will ha ve
more ready access and fle xibility to complete learning ob-
jectives necessary to k eep local hospitals and health care
systems up to standard. 

The October 2002 Report of the Terrorism Response
Task Force by the American College of Emergency Physi-
cians, “Positioning America’s Emergency Health Care Sys-
tem to Respond to Acts of Terrorism,” calls for the develop-
ment of a technology-based, self-study program co vering
the awareness objectives as a short-term strategy (51). Cou-
pled with the performance training and testing based on
virtual reality described in this chapter , it will be possible
to achieve mass training of the health care community in
both the cogniti ve and psychomotor aspects of disaster
medicine within the ne xt few years. A number of federal
grants now provide funds to further develop and implement
the curriculum and the associated much needed training
process (52,53). 

PREPAREDNESS CHECKLIST

New advances in technology are being de veloped and mar-
keted on an ongoing basis. The following is a checklist
when considering applying existing and new technology to
terrorism training:

1. Core content and curriculum objectives are designed to
achieve the desired learning.

2. Accreditation of the provider by a recognized authority
is present. 

3. Faculty are qualified by educational credentials, teaching
experience, and real-world experience. 

4. Technology applications are suitable tools and resources
to enable training through a process that assures the ac-
quisition of the desired skills, knowledge, ability, and at-
titudes. 

5. Educators focus on instructional outcomes, not the deliv-
ery of technology. 

6. Learning results in a successful performance-based out-
come involving appropriate patient scenarios. 

7. Meeting the instructional needs of the students to master
the education content is achieved.
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Section 10

INTRODUCTION

Although the United States has been spared the frequent
terrorist attacks e xperienced by Israel, the United King-
dom, Malaysia, and other countries, the 2001 World Trade
Center attack and the Murrah Federal Building bombing in
Oklahoma City adequately demonstrated that the United
States is not immune (1). This chapter reviews trends in
terrorist bombing tactics and a system of preparing and
dealing with e xplosive terrorism in accordance with the
all-hazards approach to established disaster management.
After reading this chapter, the reader should feel comfort-
able planning for and responding to bomb detonations,
major explosive calamities, and the resulting mass casu-
alty situations. 

PREPAREDNESS ESSENTIALS

The major medical challenge posed by e xplosive terrorist
acts is that the y frequently generate a multiple-casualty
situation. Even though nuclear, biological, and/ or chemi-

cal weapons have received a great deal of attention o ver
the last decade, conventional explosives have been, by far,
the most common type of weapon emplo yed in terrorist
attacks in modern history (2). In the past, this usually 
occurred during wars or other military operations. More
recently however, more ambitious terrorists have brought
more critically injured patients to the civilian medical set-
ting. The civilian medical establishment in most countries
is not geared to ward managing multiple casualties on a
daily basis. Moreo ver, responders are often not ac-
quainted with the dif ferent guidelines that should be fol-
lowed in this type of situation. The problem is to identify
the number of casualties who are in critical b ut salvage-
able condition in the field and upon arrival to the hospital.
Such individuals are usually mixed in with a large number
of minimal casualties presenting to all a vailable medical
facilities and creating a signif icant triage and manage-
ment problem (3).

TARGETS OF TERRORISM

Public places with little or no security presence are easy
targets. Examples are religious sites, dance clubs, shops
or markets, and public transport, especially during the
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rush hour. Between 2000 and 2003 there ha ve been
scores of bombings in Israeli mark ets, night clubs, and
restaurants. Strictly ethnic or religious tar gets are also
common. The August 2003 bombing of the Imam Ali
Mosque in Najaf, Iraq, killed scores including a major re-
ligious leader (4). Earlier in April 2002 the oldest syna-
gogue in North Africa was attacked by suicide bombing,
killing 19 people (5). Figure 35-1 presents a breakdo wn
of terrorist attacks in 2001. Note the disproportionate
number of bombings and armed assaults compared to all
other tactics (6).

BOMB BASICS

Blast injuries are usually caused by explosive devices such
as bombs, mines, or missiles. They function by the burning
of certain fuels. The combustion process happens so rap-
idly that the gases produced by the combustion are pushed
outward at tremendous speed and in such a violent manner
so as to produce a shock w ave. This shock w ave propa-
gates at the speed of sound in all directions (7). The com-
bination of this shock wave as well as the thermal products
of the e xplosion in conjunction with their ef fects on 

Total International Attacks, 2001

Total Facilities Strucka

Total - 531

a The two World Trade Center (WTC) attacks are
included under business.

Business - 397

Military - 4

Government - 13

Diplomat - 18

Other - 99

Total Casualtiesa

Total - 4,655

a Official causualty data from the New York City
authorities on the WTC attacks were unavailable at
the time the Patterns of Global Terrorism 2001 went to
press. Included in the statistical chart Total Casualties
(as other) is an estimated (unofficial) figure of 3,000
persons killed in the WTC attacks. Data for the number
of persons injured in the WTC attcks are not available.

Other - 4,348

Business - 5

Military - 25

Government - 277

Type of Eventa

Total - 348

a The two WTC attacks are included
under bombings.

Assault - 1

Other - 2

Firebombing - 3

Hijacking - 3

Vandalism - 4

Arson - 5

Kidnapping - 36

Armed attack - 41

Bombing - 253

FIGURE 35–1. Total International attacks
2001. Source: U.S. State Department, Wash-
ington, DC. 2001 patterns of global terrorism.
2001.



352 Section 10 Operational Medical Preparedness for Terrorism

structures and personnel mak es explosions ideal terror
weapons.

Military explosives are divided into two general classes,
high explosives and low explosives, according to their rate
of decomposition. 

HIGH EXPLOSIVES

A high explosive is characterized by the e xtreme rapidity
with which its decomposition occurs; this action is kno wn
as detonation. When initiated by a blo w or shock, it will
decompose almost instantaneously in a manner similar to
an extremely rapid comb ustion or with rupture and re-
arrangement of the molecules themselv es. In either case,
gaseous and solid products of reaction are produced and
generate an overpressurization wave. High explosives are
usually nitration products of or ganic substances, such as
toluene, phenol, pentaerythritol, arnines, glycerin, and
starch, and may be nitrogen-containing inor ganic sub-
stances or mixtures of both. TNT is an example of a high
explosive (Table 35-1).

LOW EXPLOSIVES 

Low explosives are mostly solid comb ustible materials
that decompose rapidly b ut do not normally detonate or
produce significant overpressures. This action is known as
deflagration. Upon ignition and decomposition, low explo-
sives develop a large volume of gases that produce enough
pressure to propel a projectile in a def inite direction. The
rate of burning is an important characteristic that depends
upon such factors as combustion gas pressure, grain size
and form, and composition. Under certain conditions, low
explosives may be made to detonate in the same manner as
high explosives.

CHARACTERISTICS OF EXPLOSIVES

The closer the victim or structure is to the site of an explosion,
the stronger the shock wave. The term “blast overpressure” is
used to describe the po wer of a shock w ave. Commercial ex-
plosives can produce tremendous peak o verpressures on the
order of thousands of pounds per square inch, but this lasts

only milliseconds and dissipates rapidly o ver distance. Water
extends the lethal radius of explosives due to its increased den-
sity compared to air (7). Several other factors influence the ef-
fects of an explosive reaction (Table 35-2).

Velocity
An explosive reaction dif fers from ordinary comb ustion in
the velocity of the reaction. The velocity of combustion of
explosives may v ary within rather wide limits, depending
upon the kind of e xplosive substance and upon its physical
state. For high explosives, the velocity, or time of reaction, is
high (usually in feet per second), as opposed to lo w explo-
sives, where the velocity is low (usually in seconds per foot). 

Heat 
An explosive reaction of a high e xplosive and a low explo-
sive is always accompanied by the rapid liberation of heat.
The amount of heat represents the ener gy of the e xplosive
and its potential for doing work. 

Gases
The principal gaseous products of the more common explo-
sives are carbon dioxide, carbon monoxide, water vapor, ni-
trogen, nitrogen oxides, hydrogen, methane, and hydrogen
cyanide. Some of these gases are suf focating, some are ac-
tively poisonous, and some are comb ustible. For example,
the flame at the muzzle of a gun when it is fired results from
the burning of these gases in air. 

TABLE 35-2 Relationship Between Explosive
Mass and Lethal Radius

MASS OF EXPLOSIVE LETHAL RADIUS

30 kg 5.5 m
200 kg 9.6 m
400 kg 11.4 m
700 kg 18 m

1,200 kg 20 m
2,000 kg 24 m

TABLE 35-1 Composite High Explosives

NAME COMPOSITION FORMULA

AMATOL 80/20 Ammonium nitrate/TNT C0.62H4.44N2.26O3.53
ANFO 94/6 Ammonium nitrate/#2 diesel oil C0.365H4.713N2.000O3.000
COMP A-3 91/9 RDX/WAX C1.87H3.74N2.46O2.46
COMP B-3 64/36 RDX/TNT C6.851H8.750 N7.650O9.300
COMP C-4 91/5.3/2.1/1.6 RDX/Di(2-ethyhexyl)

sebacate/oolyisobutylene/motor oil C1.82H3.54N2.46O2.51
DYNAMITE 75/15/10 RDX/TNT/plasticizers
Source: United Nations Office on Drugs and Crime. Conventional terrorist weapons. Available at:
http://www.unodc.org/unodc/terrorism_weapons_conventional.html.

http://www.unodc.org/unodc/terrorism_weapons_conventional.html
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Pressure
The high pressure accompanying an explosive reaction is due
to the formation of gases that are e xpanded by the heat liber-
ated in the reaction. The work that the reaction is capable of
performing depends upon the v olume of the gases and the
amount of heat liberated. The maximum pressure developed
and the way in which the ener gy of the explosion is applied
depends further upon the v elocity of the reaction. The rapid-
ity with which an explosive develops its maximum pressure is
a measure of the quality kno wn as brisance. A brisant explo-
sive is one in which the maximum pressure is attained so rap-
idly that a shock wave is formed, and the net effect is to shat-
ter material surrounding or in contact with it. Thus brisance is
a measure of the shattering ability of an explosive. 

Stability
The stability of an explosive is important in determining the
length of time it can be k ept under normal sto wage condi-
tions without deterioration and its adaptability to v arious
military uses. A good, general explosive should withstand a
reasonable exposure to such extremes as high humidity in a
hot climate or cold temperatures of arctic conditions (8).

The number of potential materials available to the commit-
ted terrorist is impressive. Materials ranging from stolen mili-
tary-grade explosives to gasoline drums to household fertil-
izer can be incorporated into an e xplosive device capable of
devastating any modern structure. Most military-style muni-
tions such as bombs and missiles are too cumbersome to be
employed as a single unit. The exception to this generaliza-
tion is the mine—both the anti-personnel and antitank mine.
Mines can be adapted without much dif ficulty with average
engineering experience. Some 300 dif ferent types of mines
are buried under the soil, killing tens of thousands every year.

Most bombs assembled by terrorists are impro vised.
The raw material required for explosives is either stolen or
misappropriated from military or commercial blasting sup-
plies or made from fertilizer and other readily a vailable
household ingredients. Such assembled bombs are kno wn
as Improvised Explosive Devices (IEDs) (9).

COMPONENTS

The purpose of most IEDs is to kill or maim. Some IEDs,
known as incendiaries, are intended to cause damage or de-
struction by fire. IEDs have a main charge, which is attached

to a fuse, which is attached to a trigger . In some types of
IEDs, these three components are inte grated into a single
unit. The trigger acti vates the fuse. The fuse ignites the
charge, causing the e xplosion. The effects of the IED are
sometimes worsened by the addition of material, such as
scrap iron or ball bearings. Sometimes the trigger is not the
only component that activates the fuse; there can also be an
antihandling device that triggers the fuse when the IED is
handled or moved (Fig. 35-2). 

EXAMPLES OF IEDs

Pipe Bomb
The pipe bomb is the most common type of terrorist bomb and
usually consists of lo w-velocity explosives inside a tightly
capped piece of pipe. Pipe bombs are v ery easily made using
gunpowder, iron, steel, aluminum, or copper pipes. They are
sometimes wrapped with nails to cause even more harm.

Molotov Cocktail
This improvised weapon (f irst used by the Russian resist-
ance against German tanks in the Second World War) is
used by terrorists w orldwide. Molotov cocktails are e x-
tremely simple to make and can cause considerable damage.
They are usually made from materials lik e gasoline, diesel
fuel, kerosene, ethyl or methyl alcohol, lighter fluid, and
turpentine, all of which are easily obtained. The explosive
material is placed in a glass bottle, which breaks upon im-
pact. A piece of cotton serves as a fuse, which is ignited be-
fore the bottle is thrown at the target.

Fertilizer Truck Bomb
Fertilizer truck bombs consist of ammonium nitrate. Hun-
dreds of kilograms may be required to cause major dam-
age. The Irish Republican Army, Tamil Tigers, and some
Middle Eastern groups use the ammonium nitrate bomb .
This was also the type of bomb employed in the Oklahoma
City bombing.

Letter and Parcel Bombs 
Letter and parcel bombs can be constructed of man y differ-
ent explosives and detonators based on the parcel size and
method of opening. Most parcel and letter bombs tar get an
individual and not a large population. 

(a)
Pipe Bomb

(b)
Dynamite

or Nail
Bomb

(c)
Bazooka
Rocket

(d)
Grenade

(e)
Land
Mine

Figure 35–2. Various explosive devices. Source: Emergency
Response and Research Institute. http://www.emergency.com/
explosives-misc.htm. Courtesy of Bureau of Alcohol, Tobacco,
and Firearms.

http://www.emergency.com/
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Remotely Controlled Bombs 
A bomb can be set of f by remote control. This system uses
radio waves to complete a circuit, causing an electric deto-
nator to be connected to a voltage source at the desired mo-
ment. In practice, terrorist groups use this system for lar ge
quantities of explosives, which they hide in light v ehicles,
cars, or trucks (the normality of the means of transport helps
the approach to the target; the explosive charge is thus cam-
ouflaged by an everyday vehicle) (10).

Barometric Bomb
The barometric bomb is one of the more advanced weapons
in the terrorist’s arsenal and is utilized primarily to attack
aircraft or tall buildings. This IED utilizes an altitude meter
detonator that can be placed in an aircraft or ele vator. The
detonator is set to go of f when a certain altitude is reached.
Ted Kaczynski, the Unabomber, fashioned a crude baromet-
ric bomb that he sent through the mail system. The bomb
was placed in the cargo hold of American Airlines flight 444
from Chicago to Washington, D.C. When the plane reached
35,000 feet, the bomb detonated a crude e xplosive device
filling the cabin with smok e. The pilot was able to land the
aircraft and the only injury to passengers and crew was mild
smoke inhalation (11). 

The Effects of a Bomb 
Explosives are de vices used to con vert chemical into ki-
netic and/or thermal ener gy. This is accomplished in three
ways depending on the speed of propagation of the chemi-
cal reaction.

The environment can ha ve a decisi ve influence on the
type and amount of damage produced by a bomb. The effect
of the shock wave varies in particular with the pressure and
temperature of the ambient surroundings. The climatic or
meteorological conditions can, in turn, have major conse-
quences for the propagation of the shock w ave, as can the
wind. Physical structures such as w alls or vehicles play a
major role as well. Walls or alleys can reflect or focus a sin-
gle or multiple blast waves, magnifying their impact signifi-
cantly. The amount of damage sustained is also influenced
by the distance from the explosion (see Table 35-3).

Building collapse is a major hazard for both victims as
well as rescue w orkers. In practice, even though construc-
tion methods can mitigate the damage from a blast, ordinary
buildings are vulnerable. The bomb attack on the American
Embassy in the center of Nairobi on August 7, 1998, caused
the collapse of a neighboring Gateway House building on to
several dozen offices and a secretarial school (213 dead and
more than 5,000 injured). Tragically, the horrific collapse of
the two towers of the World Trade Center attack trans-
formed a mass casualty situation into a mass f atality situa-
tion. Some constructional elements (e.g., lightweight divid-
ing walls made of brick, coverings of v arious types, and
glass) are more susceptible to blast. Man y investigators at-
tribute the World Trade Center collapse to structural f ailure
caused by the intense fires after the initial aircraft collision.

RESPONSE ESSENTIALS

Known or suspected explosives, of any type, should be han-
dled only by qualified explosives ordinance disposal (EOD)
or bomb squad personnel. In the e vent you discover any of
the devices pictured in Fig. 35-2,

1. Evacuate the area.
2. Do not touch or remove the device.
3. Immediately contact the nearest police agency and notify

them that you believe you have found an explosive de-
vice. 

4. Request assistance (11).

Responding to a traumatic e xplosive event requires
planning and training utilizing the all-hazards approach to
prevent unnecessary morbidity and mortality to victims.
The response to blast e vents can be or ganized into three
phases: the preparatory phase, the response phase, and the
recovery phase.

Preparatory Phase
Successfully defeating the goals of the terrorist requires sav-
ing lives and preventing panic, fear, and disorder. The first
step is to think lik e a potential terrorist. Emer gency plan-
ners must identify critical tar gets within their jurisdiction. 

TABLE 35-3 Characteristics of Explosives

SPEED OF
PROCESS CHARACTERISTICS TRANSFORMATION EFFECTS

Combustion Reaction depends on Moderate (cm/sec) Thermal burns
thermal conduction

Deflagration Combustion Rapid (100s m/sec) Shrapnel, blast
accelerated by trauma, thermal
increases in pressure burns
and temperature

Detonation Creation of shock Very rapid (km/sec) Large blast effect,
wave—near complete aftershock, shattering
conversion to kinetic effects
energy
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Municipal buildings, sports arenas, critical infrastructure,
and commercial targets should all be considered for attacks
taking place any time of day, year, and climate.

Once the list of possible tar gets has been established, a
plan must be developed for each target to include establish-
ment of casualty collection points, the prevention of further
damage to surrounding structures or en vironmental assets,
the formation of routes of ingress and e gress, and the cre-
ation of scene security both for the protection of f irst re-
sponders as well as the collection of forensic e vidence (this
is also a crime scene). Other things to consider include daily
traffic patterns, weather or seasonal ef fects, resupply fac-
tors, and communications. Furthermore, it is vital that
media outlets be involved from the very beginning. During
the World Trade Center attack, mobile phone networks were
quickly overloaded and communications became dif ficult.
Providing media outlets with preprinted reports and instruc-
tions in the event of an explosive attack may save vital time
and keep communications resources free.

Evacuation and Route Analysis. An important item to
consider is that recently f irst responders have become tar-
gets of terrorists. In both the September 11 attacks as well as
at a summer 2003 concert in Mosco w, secondary devices
(the second to wer attack for the former and a second
bomber in the latter) were used to attack first responders ef-
fectively. This trend must provoke careful thought for emer-
gency planners. In addition to determining the most direct
route to nearby health care f acilities or casualty collection
points, the routes must be secured. This can be done on the
scene by law enforcement personnel or , more importantly,
by prior route analysis. That is to say, planners can look at
potential routes and clear them of structures such as mail-
boxes, news stands, traffic signal control box es, or other
structures or objects that could hide a secondary de vice or
provide tactical advantage to a w ould-be terrorist. It is al-
ways easier to plan in peacetime than to mak e rapid deci-
sions during a time of crisis. An additional component
should be considering alternate routes for contingencies
such as construction, inclement weather, secondary attack,
or rush hour traffic.

Crime Scene. As mentioned earlier , blast events are fre-
quently crime scenes as well as mass casualty e vents.
Proper care must be taken to preserve evidence where possi-
ble, and law enforcement authorities should be an inte gral
component of disaster plan preparation. In addition, several
organizations at the federal le vel should be inte grated into
major event planning to include disaster medical assistance
teams (DMATs) and urban search and rescue (USAR)
teams. Furthermore, appropriate engineering resources for
rescue, evacuation, and recovery should be procured in ad-
vance for aid in preventing structural collapse and assisting
with scene safety.

Logistics. A crucial component to an y disaster plan is lo-
gistics. Explosive events happen in an instant b ut can pro-
duce cataclysmic amounts of damage requiring lar ge
amounts of material, personnel, and financial resources. All
of these elements must be coordinated in advance of an event
to allow for seamless resupply operations and rotations of

personnel who may easily become exhausted or injured dur-
ing rescue operations, as well as for ensuring that in volved
organizations are paid in a timely manner for their goods
and services.

Rehearsals and Drills. The most essential element of any
good plan is rehearsal and drills. The disaster plan for a
blast event should be inte grated into existing disaster plan-
ning and should involve as realistic an approach as is feasi-
ble. Multiple event scenarios such as radiological, biologi-
cal, and chemical as well as secondary de vices should be
included in a rehearsal event. These exercises should be uti-
lized to identify areas that can be changed to improve the re-
sponse to the event. 

Evaluation. In any plan, there is always room for improve-
ment. All involved personnel must be prepared to e valuate
and critique their component of the response plan and make
necessary changes when, not if, indicated.

Response Phase
A unified algorithm called the D.I.S.A.S.T.E.R. Paradigm is
utilized in the American Medical Association’s disaster re-
sponse training courses. This paradigm provides an organ-
ized approach for the management of disasters. 

D—Detect
I—Incident Command
S—Scene Safety and Security
A—Assess Hazards
S—Support Required
T—Triage and Treatment
E—Evacuation
R—Recovery

D—Detect. One advantage of dealing with an e xplosive
event is the fact that it is loud, conspicuous, and instantly af-
fects a great deal of people. Therefore, notification and de-
tection are not as difficult as a chemical or biological attack
might be, although an explosive device may be used to deto-
nate or disperse nuclear, radiological, chemical, or biologi-
cal materials, so be sure to in volve hazmat or weapons of
mass destruction teams early. 

I—Incident Command. The incident command system
needs to be acti vated to achieve several components of an
effective response: (a) unity of command, (b) accountability,
and (c) a single voice for the media, general public, employ-
ees, and law enforcement. 

S—Scene Security and Safety. Secure the scene in order
to prevent subsequent attacks and further injury to victims,
to preserve the crime scene, and to prevent building collapse
or spread of contamination in the e vent of a chemical, bio-
logical, or radiological attack. This is also the time to secure
preplanned evacuation routes to pre vent secondary de vice



explosions. It is essential to ha ve a coordinated response
with Emergency Medical Services, law enforcement, haz-
mat, and other agencies to ensure the safety and security of
the incident site.

A—Assessment of Hazard. As stated previously, build-
ing collapse, and nuclear, biological, and chemical threats
should be assessed, as should environmental hazards such
as fire, toxic smoke and fumes, and structural integrity of
the building if one is in volved. With the high lik elihood of
unstable structures, well-meaning medical responders may
enter in an attempt to assist and lose their o wn lives due to
structural collapse. The risk benefit of entry into structures
in this setting must be carefully weighed and e xpert advice
utilized to minimize the risk to responders. Additionally,
consideration of secondary devices must be a high priority .
Vigilance and awareness of the threat will be key in identifi-
cation of these hazards and their mitigation. 

S—Support. Once the nature of the threat is determined
and the ICS is notified, the various elements of the chain of
command need to maneuv er resources and materials to the
site of the disaster as well as provide accurate and timely in-
formation to the public, victims, and law enforcement in the
most secure manner available. This will need to be a coordi-
nated response and decisions must be made early in the
course of the e vent to determine if local resources will be
adequate to respond or if state or federal resources will be
required. Requests for this support will come from the inci-
dent command system to the appropriate local, state, and
federal agency. Early reports to the hospitals through the
ICS and Medical Control pathw ays should be pro vided.
These reports should include the estimated numbers of ca-
sualties and estimated times of arri val, along with specific
requirements such as decontamination. 

T—Triage and Treatment. Standard triage principles
should be used to e vacuate the most critically w ounded
who would be amenable to a vailable treatment resources.
The use of a standardized system such as MASS Triage
will allow better coordination and information flo w be-
tween the incident site and the hospitals (13–15). Specif ic
areas of treatment that will need to be addressed and are
covered in other areas of this book include primary , sec-
ondary, and tertiary blast injury; crush syndrome; and com-
partment syndrome. Medical responders must be f amiliar
with the management of these conditions. Ho wever, they
should also be a ware that because these e vents are often
crime scenes that the preserv ation of forensic e vidence is
very important. 

E—Evacuation. Utilizing preplanned e vacuation routes,
evacuation of critical patients should proceed as quickly as
possible. Given the potentially large number of patients re-
quiring evacuation, traffic coordination and logistical sup-
port is critical (16). 

R—Recovery. A number of steps are involved with the re-
covery process. For the medical community , the treatment
of patients and the return of the hospital to it’s preevent sta-
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tus is a high priority . This recovery may be complicated if
contaminated casualties were allowed into the facility with-
out appropriate decontamination and highlights the impor-
tance of preplanning. Additionally, the psychological im-
pact of these e vents may last for years and ha ve a
considerable impact on the required assets to pro vide this
care. For law enforcement, bringing the perpetrators to jus-
tice is a high priority . For the community at lar ge, the
process of rebuilding infrastructure and trust will take time
and may be shortened by the community’ s assurance that
appropriate steps had been tak en prior to the e vent. This
highlights the idea that reco very must be gin before the
event occurs through planning, training, and exercises. 

Review
The vast majority of modern terrorist attacks ha ve been
with conventional weapons in the form of firearms and ex-
plosives—most notably improvised explosive devices. Op-
timal response to e xplosive terrorism requires thorough
prior planning and an all-hazards approach to terrorism
management. 

RESOURCES

1. Counterterrorism/Weapons of Mass Destruction Training
Links. Web site: http://www.fbi.gov/hq/td/academy/
ctwork12.htm

2. Preparing for Terrorism: An Emergency Services Guide.
Pamphlet written by G. Buck and published in October
1997.

3. Federation of American Scientists. Web site: http://
www.fas.org

4. Patterns of Global Terrorism. Pamphlet produced yearly
by U.S. State Department. Web site: http://www.
state.gov.

5. Emergency Response and Research Institute. Web site:
http://www.emergency.net. 
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36
The Forensic Evaluation of Gunshot
Wounds Associated With a Terrorist Event
William S. Smock

The United States has been fore ver changed by the do-
mestic and international terrorist e vents on our soil
over the last 10 years. In the aftermath of a terrorist in-

cident involving U.S. citizens, its assets, or an assassination
attempt on American leaders, either in this country or abroad,
a forensic investigation will be swift and obligatory . Wound
evaluations and evidence collection will be inte gral compo-
nents of the law enforcement response. All patients, surviving
and deceased, who are victims of blunt, blast, thermal, chem-
ical, biological, radiological, or penetrating trauma will re-
quire a forensic evaluation to determine the nature of the in-
jury and to document, collect, and preserve evidence.

Victims of gunshot w ounding have unique forensic is-
sues. The determination must be made as to whether a
wound is an entrance or an exit wound. If possible, the pro-
jectile must be reco vered, and a determination must be
made as to the range of f ire. Medical providers, from the
tactical medic to the emer gency physician, should under-
stand the basic forensic principles associated with the as-
sessment of gunshot w ounds. The forensic lessons learned
from the assassination of President Kennedy: from the treat-
ment at Parkland Hospital, to the fallacious interpretation of
wounds based on size, to the failure to have an autopsy per-
formed by a forensic pathologist in Dallas, to the failure to
document adequately the wounds photographically have all
contributed to an e xample of ho w well-meaning medical
providers can confound a criminal in vestigation of a gun-
shot wound. Failure of medical providers to identify, docu-
ment, and analyze entrance and exit wounds, preserve short-
lived evidence, and collect clothing and projectiles correctly
could jeopardize future criminal and ci vil proceedings
against both domestic and international terrorists (1–11). 

FORENSIC EVALUATION 
OF HANDGUN WOUNDS

The life of the patient and the medical care required to
guard it ob viously take precedence o ver the need for

forensic evaluations and evidence collection. Yet it is possi-
ble for treating EMTs, paramedics, nurses, emergency
physicians, and trauma surgeons to perform a forensic eval-
uation while pro viding lifesaving care (3,11). At a mini-
mum, every gunshot wound should have its anatomical lo-
cation accurately documented, its physical characteristics
described, and associated short-li ved evidence preserved
(11,12).

Nonforensic medical providers should always avoid de-
scribing a w ound as “entrance” or “exit.” Unfortunately,
many practitioners enter forensic opinions into the medical
records regarding wound type based solely on the size of the
wound, assuming the lar ge hole is the e xit and the small
hole is the entrance (10,13–15). Exit w ounds, from hand-
guns, are not consistently larger than their corresponding
entrance wounds (11,15–18). The size of an y wound, en-
trance or exit, is determined by multiple f actors: the size,
shape, configuration, and velocity of the projectile as it con-
tacts or leaves the tissue and the physical characteristics of
the tissue itself (17,18).

ENTRANCE WOUNDS

Gunshot wounds of entrance can be di vided into four cate-
gories: distant or indeterminate range, intermediate range,
close range, and contact. Each entrance w ound category is
based on the distance of the gun muzzle to the tar get and is
called the “range of f ire.” Each range-of-fire category is as-
sociated with specif ic wound characteristics: distant-range
wounds have only an abrasion collar, intermediate-range wo-
unds have an abrasion collar and tattooing, close-range
wounds have an abrasion collar and soot, and contact
wounds have seared skin, soot, and triangular-shaped tears
of the skin (Table 36-1).

The size of the entrance w ound bears no relationship to
the caliber of the bullet, and physicians should never render
opinions on caliber based on the size of the entrance wound
(17,18). Depending on the elasticity of the epithelial tissue,
entrance wounds may contract around or expand beyond the
tissue defect caused by the bullet.
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DISTANT WOUNDS

In a distant- or indeterminate-range entrance w ound, only
the bullet makes contact with the skin. As the bullet pene-
trates the skin, the friction between the projectile and the ep-
ithelial tissue creates an “abrasion collar” (Fig. 36-1). Abra-
sion collars vary in appearance depending on the angle of
penetration (Fig. 36-2). All entrance wounds have an abra-
sion collar with the e xception of those on the palms of the
hands and the soles of the feet, where the epithelium is
highly keratinized (17). Entrance wounds in these locations
appear slitlike and lack the abrasion collar (Fig. 36-3).
Other terms, which may be used interchangeably with
“abrasion collar,” include “abrasion mar gin,” “abrasion
rim,” and “abrasion ring.” Abrasion collars are a pure fric-
tion phenomenon and not the result of a so-called hot bullet.

INTERMEDIATE RANGE

The intermediate-range wound is characterized by the pres-
ence of punctate abrasions, “tattooing” or “stippling” on the
skin in the area of the abrasion collar (Figs. 36-4, 36-5). The
tattooing is caused by unburned or partially burned pieces of

gunpowder impacting the skin. Intermediate objects lik e
clothing, furniture, or hair block the grains of gunpo wder
from making contact with the skin. Tattooing on the skin
may be visualized from distances as close as 1/2 inch or as
far away as 4 feet. The density and pattern of the punctate
abrasions depend on the muzzle-to-skin distance, the length
of the gun barrel, the presence of intermediate objects, the
amount of gunpowder within a particular cartridge, and the
physical shape of the gunpo wder. Tattooing abrasions are
visible for several days (Fig. 36-6). Unb urned gunpowder
can also be deposited and leave punctate nitrate residues on
clothing. 

CLOSE RANGE

Close range is defined as the range at which the carbonatous
residue of combustion or “soot” is visible around the wound
or on clothing (Fig. 36-7). Close range is generally within a
range of 6 inches b ut soot can be seen as f ar away as 12
inches in magnum loads. The type of gunpowder, the gun bar-
rel length, and intermediate objects influence the concentra-
tion and pattern of soot. As in all entrance w ounds, an abra-
sion collar or microtears are present, but with close-range
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TABLE 36-1    Wound Characteristics of Entrance Wounds Based on the Range of Fire

CONTACT RANGE

DISTANT RANGE INTERMEDIATE RANGE CLOSE RANGE LOOSE CONTACT TIGHT CONTACT

Abrasion collar Abrasion collar with Abrasion collar with Soot-covered Seared skin, soot, contusion,
(Figs. 36-1, tattooing (Figs. 36-4, soot (Figs. 36-7, abrasion collar. triangle-shaped
36-2). 36-5, 36-6). 36-8). Contusion and tears. Muzzle contusion

triangle-shaped may be present
tears may be present (Figs. 36-10, 36-11,
(Fig. 36-9). 36-12, 36-14, 36-15, 36-16).

Figure 36–1. An abrasion collar is the result of friction be-
tween a projectile and the skin. Other appropriate forensic
terms include “abrasion rim” or “abrasion ring.”

Figure 36–2. The width of the abrasion collar varies with the
angle of the projectile’s impact. The trajectory of the projectile
here is from right to left.
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Figure 36–6. The punctate abrasions may be
present for days. This patient’s tattooing is easily
visible 4 days postinjury.

Figure 36–5. Tattooing is associated with the intermediate
range of fire. This patient was shot in the back at a distance of
12 inches by a 9mm Smith & Wesson, model 6906.

Figure 36–4. “Tattooing” is the result of partially or unburned
gunpowder striking the skin. The “tattoos” are punctate 
abrasions.

Figure 36–7 A, B: The deposition of soot surrounding this
wound to the posterior neck is associated with a close range of
fire, generally 6 inches or less. 

Figure 36–3. Entrance wounds on the palms of the hands and
the sole of the feet lack an abrasion collar due to the highly 
keratinized nature of the skin.



pearance depending on the elasticity of the skin and the
volume of gas injected. For example, a contact wound to the
temple from a .22 caliber short cartridge appears as a small
hole with seared black ened edges and only tin y triangle-
shaped tears (Fig. 36-10). Compare the .22 caliber w ound
(Fig. 36-10) to a contact wound to the forehead from a .357
caliber magnum load (Fig. 36-11). The large volume of gas
from a magnum load injected into scalp tissue results in a
large, gaping stellate wound from a ripping and tearing of the
skin. It is these lar ge wounds that are frequently misinter-
preted as e xit wounds based solely on their size (13–15).
Close examination of the w ound margins of all contact
wounds will reveal the presence of soot and seared skin from
the discharge of hot gases and an actual flame (Fig. 36-12).
In addition to the projectile and gases, soot and unburned
gunpowder are also driven into the wound and can be recov-
ered from the underlying tissue. 

Wound elasticity plays a signif icant role in the appear-
ance of a contact w ound. When tissue is v ery elastic (e.g.,
the anterior abdominal wall), injected gases will not expand

wounds it will be co vered or obscured by the deposition of
soot (Fig. 36-8). Soot is short-lived evidence and can be eas-
ily washed away in the rendering of patient care or sur gical
debridement of the wound. Do not describe soot as “powder
burns.” This is an outdated term used to describe epithelial
thermal injuries associated with the use of black powder that
initiated a thermal e vent on the clothing of a victim. Black
powder, as opposed to the smokeless powder of commercial
ammunition, is found in muzzle-loader rifles, antique
weapons, and in the blanks used in starter pistols.

CONTACT WOUNDS

In a contact wound, the barrel is in contact with the victim’s
clothing or skin. Contact w ounds can be subdi vided into
“tight contact,” when the barrel is pushed hard against the
skin or clothing, or “loose contact,” when the barrel is not in
full contact with the skin and may be angled (Fig. 36-9).
Wounds sustained in tight-contact w oundings vary in ap-
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Figure 36–8. The presence of soot in a close-range wound may
obscure the presence of an abrasion collar. This victim was shot
at a distance of 1 inch with a .38 caliber revolver.

Figure 36–9. A loose-contact wound from a .25 caliber semiau-
tomatic pistol. Soot and a surrounding contusion are visible.

Figure 36–10. A tight-contact wound from a .22 caliber
revolver. The wound displays soot, seared skin, and small
triangular-shaped tears with surrounding contusion.

Figure 36–11. A tight-contact wound from a
.357 caliber revolver. The wound displays large
triangular-shaped tears with soot and seared
wound margins. The large wound size is the re-
sult of large quantities of gas being injected into
the scalp tissue.



quantity of gases injected. Some of the gases will be in-
jected into the tissues and may impart a blurred or muted
muzzle contusion (Fig. 36-17). The gases can also dissect
between the layers of clothing and the skin, resulting in a
diffuse soot pattern o verlying the muted muzzle contusion
(Fig. 36-17). 

EXIT WOUNDS

The size, shape, and configuration of an exit wound is dic-
tated by the follo wing variables: the projectile’s velocity
or energy as it exits the skin, the size and shape of the pro-
jectile, and the presence and nature of underlying tissue
(17,18). When tissues, most commonly bone, are pushed
out of the w ound by the e xiting bullet, the tissue will en-
large the wound itself. Exit wounds from handguns are not
consistently larger than their associated entrance w ounds

the tissue beyond the point at which it will tear . The same
.357 caliber magnum load to the abdominal w all will only
result in the deposition of soot at the w ound margin and
seared skin without triangle-shaped tears (Fig. 36-13).

With the injection of gases, the rapidly expanding skin
may be pushed against the barrel or muzzle of the handgun
with sufficient force to impart to the skin a contusion that
mirrors the pattern of the barrel. This contusion is called
a “muzzle contusion” or “muzzle abrasion” and may pro-
vide forensic in vestigators with critical information on
the characteristics of the weapon’ s barrel, revolver versus
semiautomatic handgun, used in the assault (Figs. 36-14,
36-15). 

The loose-contact w ound, from an angled pistol, ex-
hibits an angled soot pattern (Fig. 36-9). The degree of
tearing, if any, is dictated by the quantity of gases injected
into the tissue. Incomplete muzzle contusions are possible if
only a portion of the w ound is pushed back against the
weapon’s barrel (Fig. 36-16). 

A contact wound through clothing imparts a mix ed pic-
ture depending on the number of layers of clothing and the
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Figure 36–12. Seared wound margins and a triangular-shaped
laceration at the 12 o’clock position from a tight-contact
wound from a .38 caliber revolver. Soot was also visible within
the wound.

Figure 36–13. A contact wound to the abdomen from a .357
caliber magnum. The wound margins are seared, but 
triangular-shaped lacerations are not present due to the 
elasticity of the anterior abdominal wall.

Figure 36–14. A muzzle contusion from a revolver is visible sur-
rounding this tight-contact wound.

Figure 36–15. A muzzle contusion from a 9mm semiautomatic
pistol. The contusion results from the forceful expansion of the
skin against the barrel of the gun.



(11–18). The margins of exit wounds are generally irregu-
lar and lack the presence of abrasion collars, soot, and tat-
tooing but may be slitlik e if the projectile has only mini-
mal energy as it e xits the skin (Figs. 36-18, 36-19). Exit
wounds may have a triangular shape that are v ery similar
to contact wounds, but these wounds will not have any as-
sociated soot and seared skin (Fig. 36-20). A close inspec-
tion of the w ound for soot is w arranted if the practitioner
is in doubt.

A “shored-exit” wound may e xhibit what is termed a
“false abrasion collar” (12,16,17). If the skin of the e xit
wound is pressed against a firm surface, the expanding skin
may be forcibly compressed against the surface of an object
(e.g., wall, door, or wallet) by the e xiting projectile. This
forcible contact can result in a visible abrasion that could
easily be confused with an abrasion collar of an entrance
wound (Figs. 36-21, 36-22). 
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Figure 36–16. An incomplete muzzle contusion is present from
the 3 o’clock to the 9 o’clock position on the forehead from a
.38 caliber revolver.

Figure 36–17. A contact wound through clothing will give a
diffuse soot pattern overlying a muted muzzle contusion. Soot
can be deposited between the layers of clothing.

Figure 36–19. A slitlike exit wound from a 9mm projectile. Exit
wounds are not consistently larger than their corresponding 
entrance wound.

Figure 36–18. An exit wound generally has irregular borders
and will lack the abrasion collar, soot, and tattooing of entrance
wounds.

FORENSIC EVALUATION 
OF CENTER-FIRE RIFLE WOUNDS

Projectiles discharged from center-fire rifles have the poten-
tial to inflict massive tissue damage (Fig. 36-23). Any bul-
let’s wounding potential is based on the kinetic ener gy it
possesses. The calibers of center -fire bullets, .223 to .308,
are similar in diameter to handgun ammunition, but their
wounding potential is greatly enhanced by the v elocity of
the round. The higher the velocity of a projectile, the greater
the potential to inflict tissue damage based on the formula
kinetic energy = mass × velocity2/G. Injuries result from the
transference of ener gy from the projectile to or gans and
bony structures. With high-velocity rounds, velocities
greater than 2,000 feet/second, a temporary cavity is formed



along the wound tract. The temporary cavity may approach
11 to 12 times the diameter of the b ullet and can result in
tissue damage a way from the physical tract tak en by the
projectile itself (19). Temporary cavitation, in combination
with the direct tissue disruption and ener gy transfer from a
fragmenting or ya wing (turning side ways) projectile, is
what determines the size of the internal injury and that of
the exit wound. Due to the amount of energy possessed and
transferred to underlying tissue, exit wounds associated
with center-fire rifles are, in contrast to those associated
with handguns, generally larger than their corresponding
entrance wounds (Fig. 36-24).

Entrance wounds associated with high-v elocity center-
fire projectiles do not signif icantly differ from those of
handguns. Entrance wounds generally exhibit abrasion col-
lars or microtears on the skin surf ace (Fig. 36-25). Wounds
also have associated soot deposition and tattooing, but due
to a number of v ariables (e.g., muzzle length, amount of
power in a gi ven cartridge, muzzle configuration, and type
of gunpowder—ball vs. cylindrical), the range of fire in rifle
wounds is not as clearly defined as in handgun wounds. The
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determination of an e xact range of f ire for rifles and shot-
guns is best established through controlled testing per-
formed by a firearms examiner at a crime laboratory.

High-velocity lead core and jack eted bullets generally
break up into hundreds of fragments, called a “lead sno w-
storm,” upon entering tissues, creating significant damage
(Fig. 36-26). If the tissue is deep, the bullet fragments may
fail to exit and be embedded within the victim. Thus it is
possible to sustain an injury with a high-v elocity round and
not exhibit an exit wound. High-velocity rounds with steel
cores almost uniformly exit intact and continue downrange.
Both of these facts can confound the forensic in vestigator’s
efforts to find an adequate projectile sample to submit to the
firearms examiner as evidence for ballistic analysis. 

EVIDENCE COLLECTION

In a terrorist e vent involving firearms, law enforcement
agencies, specifically the FBI, will attempt to collect foren-
sic evidence from the victims. It is incumbent on the treating

Figure 36–21. A “shored-exit” wound exhibits a “false” abra-
sion collar and occurs when the skin is supported or shored by a
firm object as the projectile exits.

Figure 36–22. A, B: A “shored-exit” wound from a .40 caliber
projectile that exited the lateral thigh and impacted the victim’s
wallet.

Figure 36–20. Exit wounds may exhibit triangular-shaped lac-
erations similar to contact entrance wounds but without the as-
sociated soot and seared skin. A

B
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Figure 36–23. Massive head trauma from a .223 caliber high-
velocity round fired at close range. Soot is present on the bridge
of the victim’s nose.

Figure 36–24. An exit wound on the anterior surface of the
victim’s leg from a .30 06 caliber high-velocity round. The
wound is large due to the energy transferred to the underlying
bone as it was extruded from the wound.

Figure 36–25. An abrasion collar associated with a high-velocity
entrance wound.

medical providers to recognize, preserve, and collect
short-lived evidence and not destroy valuable forensic evi-
dence by omission or commission. Sur geon General
Richard Carmona reported that trauma physicians “usually
have little or no training in the forensic aspects of trauma
care and therefore necessary e vidence may often be o ver-
looked, lost, inadvertently discarded or its admissibility de-
nied because of improper handling or documentation” (20).

The practitioner’s first step in evidence collection must be
to describe the wound properly, including its precise anatom-
ical location and the presence or absence of: an abrasion col-
lar, soot, or tattooing. Ideally, this description would be sup-
plemented with photographic documentation (21). Second,
the practitioner must preserve articles of clothing so a range
of fire can be determined from the presence or absence of
soot, lead residue, or nitrate residues deposited on the sur-
face of the victim’ s clothing (Fig. 36-27). Third, the health
care provider must collect any projectiles or projectile frag-

ments that may be present in or around the victim. A “chain
of custody,” a written record of who has been in possession
of the evidence, must be clearly documented in the medical
record. Lastly, the investigating law enforcement agenc y
may request assistance from the pro vider for additional as-
sistance in collecting e vidence (e.g., gunshot or e xplosive
residue testing and radiographs of retained projectiles). At
institutions where e vidence collection protocols ha ve been
implemented, wounds are documented in a forensic f ashion
and evidence is collected in concert with medical treatment
without compromising patient care (2,3).

DOCUMENTATION

An accurate description, using appropriate forensic termi-
nology, with the anatomical location, wound characteristics,
and size, is what the practitioner should stri ve to achieve.
Wound characteristics will change, punctate abrasions will
heal, and trace e vidence will be lost with e xploration,

Figure 36–26. “Lead snowstorm” from a high-velocity round.
Lead core and jacketed high-velocity rounds have a tendency to
fragment into hundreds of pieces.



cleansing, debridement, and the passage of time. The supple-
mentation of an accurate w ound description with a forensic
photograph is ideal (21). A forensic photograph, by defini-
tion, must represent an accurate and objecti ve depiction of
its subject to be accepted as evidence in a court of law (22).
To ensure a photograph’ s admissibility and withstand an y
legal challenges to its authenticity or inte grity, the medical
practitioner should be able to articulate the following (16):

� Exactly when and where the photograph was taken
� What the photograph depicts
� The precise anatomical location of the wound
� The size and shape of the injury
� The camera (digital or film) and type of film used
� Whether the photograph was obtained by court order

versus informed or implied consent
� Where the film was developed/downloaded and if this

process is standard protocol
� Whether the image has been altered and if so how

(filters, computer-aided image enhancement)
� Whether the photograph “fairly and accurately”

depicts what the medical provider observed

A photograph taken for forensic purposes and for admis-
sion in a court should be able to withstand an y legal chal-
lenge. If the purpose of the photograph is to document the
size of the gunshot w ound, a scale must be placed ne xt to
the wound and the photograph must be tak en at 90 degrees
to the wound (Fig. 36-28). If the photograph is not tak en at

90 degrees to the wound, the scale will not be accurate be-
cause perspective distortion is introduced (21). At a mini-
mum, an orientation photograph, showing the general
anatomical location of the w ound as well as a close-up
photo, should be obtained. This will permit in vestigators
and a potential juror to not only visualize and understand
the medical provider’s forensic description and evidence as-
sociated with the wound but also its location on the victim.

The physician is required by la w to obtain consent from
the victim prior to the taking of the photograph (21). If the
patient is unconscious, incapacitated, or unable to give con-
sent, the photograph may be tak en using implied consent.
The use of implied consent is based on the assumption that
the victim of a crime or terrorist e vent would want short-
lived forensic evidence collected to assist in the investigation
of the assault. If a patient, victim, or suspect is under arrest,
presents with a court order for photographic documentation,
or is dead, he or she has given up the right of refusal.

CLOTHING

Clothing can be an extremely valuable piece of forensic evi-
dence in determining entrance from e xit wounds and the
range of fire. Visible and invisible residues from nitrates and
lead can be deposited on the clothing. The pattern and con-
centration of these residues can be e valuated and recon-
structed at the crime laboratory (Fig. 36-29). Each piece of
the victim’s clothing should be preserved in separate paper
bags (23). Separate bagging also pre vents the cross con-
tamination of the residues to nonaf fected articles of cloth-
ing. The use of paper bags permits any moisture present on
the clothing to e vaporate and minimizes the possibility of
molding. Examination of the clothing f ibers may also help
in the determination of entrance versus exit wound because
the fibers will deform in the direction of the passing projec-
tile (Fig. 36-30). “Bullet wipe,” a deposition of lead or lu-
bricants, may also be present on clothing o verlying a dis-
tant entrance wound (Fig. 36-31).

PROJECTILES

The propulsion of a projectile do wn the rifled barrel of a gun
imparts multiple unique microscopic marks, “rifling impres-
sions,” on the side of the b ullet (Fig. 36-32A). These micro-
scopic marks, or “fingerprints,” can be examined with a com-
parison microscope by the f irearms examiner to determine if
the projectile was fired from a specific gun (Fig. 36-32B). The
medical practitioner should make every effort not to destroy or
compromise these marks when removing or collecting the bul-
let from a patient. These bullets should be handled without any
metal-to-metal contact (i.e., dropping the projectile into a
metal pan or removing it from tissue with hemostats). Hemo-
stats or pickups can be co vered with gauze to pre vent the de-
struction of the microscopic “fingerprints” (Fig. 36-33). 

Projectiles, like other evidence collected from a shoot-
ing victim, must be collected in a breathable container such
as an envelope or paper box (Fig. 36-34A). Bullets placed
in an airtight container , such as a specimen container or
film canister, will result in contamination and de gradation
of the evidence from moisture and proliferation of bacteria
(Fig. 36-34B). 
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Figure 36–27. Soot deposition on a victim’s shirt associated
with a close-range gunshot wound. Each article of a victim’s
clothing should be packaged individually to avoid cross contami-
nation. 

Figure 36–28. A forensic photograph for documentation of
wound size must contain a scale and be taken at 90 degrees to
the subject. If the lens is less than 90 degrees to the subject,
perspective distortion is introduced.



Radiographs, taken in the normal course of pro viding
medical treatment, may also hold valuable forensic evidence
on the number of projectiles, a projectile’s characteristics, and
the direction of f ire. However, the medical provider should
never estimate a bullet caliber on the basis of a routine x ray .

Traditional diagnostic radiography will induce projectile
magnification unless the x-ray source is e xactly 72 inches
from the bullet. Radiographs will also assist the physician in
determining when a high-velocity projectile was used by vi-
sualizing the “lead snowstorm” pattern (Fig. 36-26). 
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Figure 36–30. Examination of clothing fibers may also assist in
the differentiation of entrance from exit.

Figure 36–31. “Bullet wipe” is the deposition of lead residues
and lubricants on clothing as the projectile penetrates.

Figure  36–29 A–D: Testing of a victim’s clothing for the presence of gunshot residues is an important component in determining 
a range of fire. Soot, nitrate, and lead residue deposition will vary with the muzzle to target distance. Lead and nitrate residues, 
invisible to the naked eye, are demonstrated at the 18-inch range in Figure 36–29D. Test firing under controlled conditions at the
crime laboratory can be used to determine an accurate range of fire.

A

C

B

D



368 Section 10 Operational Medical Preparedness for Terrorism

Figure 36–34. A, B: Projectiles recovered from victims must be
collected in breathable containers (i.e., paper envelopes or
boxes). Placement of bullets with blood or tissue in an airtight
container will result in degradation of the projectile from the
presence of moisture and the proliferation of mold.

Figure 36–33. Medical providers must avoid metal-to-metal
contact in the retrieval of projectiles to prevent destruction of
critical evidence. Placement of gauze over the end of the hemo-
stat or pickups will prevent the destruction of a bullet’s micro-
scopic impressions.

Figure 36–32 A, B: Microscopic rifling impressions are a unique
fingerprint of a gun’s barrel. The firearms examiner utilizes a 
comparison microscope to compare a projectile from a victim
from one test fired from a suspected weapon. The split screen
on the comparison microscope permits the examiner to rotate
the projectiles to look for a match.

Figure 36–35. An example of a FART (Firearms Residue Test) or
GSR (Gunshot Residue Test). This test involves the wiping of the
front and back of a suspect’s hands with a 5% nitric acid solu-
tion looking for the presence of primer and gunshot residues.
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SUMMARY

The forensic evaluation of gunshot wounds and the
collection of their associated e vidence—whether at
the crime scene, in the emergency department, or in
the autopsy suite—will be critical components of
the investigation and reconstruction of a terrorist
incident. Questions still linger in the JFK assassi-
nation on the number and type of wounds present on
his head and neck. Wouldn’t the forensic w orld
loved to ha ve known what the president’ s neck
wound looked liked, in proper forensic terms, prior
to surgical intervention? The medical response to a
terrorist event must include trained physicians,
nurses, and prehospital responders who ha ve not
only expert medical skills b ut also possess the
knowledge to e valuate and document gunshot
wounds from a forensic perspecti ve. This infor-
mation, coupled with an e vidence collection com-
ponent, will permit la w enforcement to prosecute
successfully those responsible. Medical pro viders
should strive to provide outstanding medical care in
terrorist incidents without compromising the forensic
elements of the criminal in vestigations that will
follow. 

RESIDUE TESTING

The investigating law enforcement agency may request that
a gunshot residue test, or GSR, be performed on a victim or
suspect (Fig. 36–35). This test, which looks for the presence
of barium nitrate, antimony sulfide, or lead peroxide
residues from the primer of the cartridge, only indicates the
victim has been in an area where a weapon has been dis-
charged (23–32). A positive GSR does not indicate, within
reasonable scientific certainty, that the individual fired the
weapon, only that he or she has been in an area where a
weapon was discharged. A false-positive test can result from
the transfer of residues from the shooter’ s hands to the
hands of another individual (e.g., a police officer discharges
a weapon and handcuffs a suspect) (32). Residues can fall to
a tabletop and be pick ed up by someone other than the
shooter, who inadvertently places a hand on the tabletop and
has a so-called positive test.
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INTRODUCTION

With the exception of the Revolutionary War over two hun-
dred years ago, the vast majority of Americans have never
felt threatened inside the borders of the continental United
States. America is surrounded on both sides by large oceans
making physical attacks against U.S. territory all but impos-
sible. This situation began to change during the Cold War.
With the adv ent of ballistic missile technology and lar ge-
scale atomic and nuclear weapons, the homeland was now
vulnerable to direct physical attack.

The federal government attempted to deal with this rel-
atively new threat by establishing the Ci vil Defense pro-
gram and by increasing e xpenditures in strategic weapons
such as bombers, submarines, and missiles. A medical sys-
tem was created to handle the lar ge number of mass casu-
alties that would be created by a thermonuclear attack on
the United States.

When the Cold War ended in 1989, Americans began to
feel safe from direct attack, and many Civil Defense pro-
grams, such as f allout shelters, were discontinued alto-
gether. Many federal agencies played a role in the Civil De-
fense program, the Federal Emer gency Management
Agency (FEMA), began to focus more on preparation and
response to natural disasters such as floods, fires, and hurri-
canes. The medical system created to handle mass casualties
of a nuclear holocaust began to atrophy.

1995—THE YEAR TERRORISM STRIKES:
TOKYO SUBWAY AND THE MURRAH
FEDERAL BUILDING

On March 20, 1995, an event that was truly unique in the an-
nals of terrorism took place (1). An obscure religious sect
calling themselves Aum Shinrikyo unleashed an attack on
the Tokyo subway system using the deadly nerve agent sarin.
The immediate ef fects of the attack were staggering as 12
people died and o ver 5,000 reported to local hospitals with
suspected signs and symptoms of nerv e agent poisoning.

Also, over 10% of the responders who rushed into the sub-
way became casualties (1).

Unbeknownst to the Japanese government, the group had
been experimenting with weapons of mass destruction
(WMD) agents for some time. F ollowing a failed attempt to
gain political power through elections in 1990, the group de-
cided to develop unconventional weapons as a path to power
and influence. Originally, Aum Shinrikyo tried to develop bi-
ological weapons. Fortunately the group’s attempts were un-
successful, and after investing millions of dollars in failed at-
tempts to develop botulinum toxin, Ebola virus, anthrax, the
venom of poisonous snak es, and mushrooms, Aum Shin-
rikyo shifted its development effort to chemical weapons (1).

Beginning in 1993, the group spent over $30 million to de-
velop a chemical weapons arsenal. At various times Aum
Shinrikyo produced at least limited quantities of VX, tabum,
mustard gas, hydrogen cyanide, and phosgene. However, be-
ginning in 1993, the group began to focus almost e xclusively
on the manufacture and production of sarin. On the night of
June 27, 1994, the group was ready for its first dress rehearsal.
In an attack on the mountain city of Matsumoto, the sect used
a truck mounted with sprayers to disperse the deadly agent.
The resulting attack left 7 dead and 58 hospitalized. Another
253 sought medical treatment on an outpatient basis (1).

Finally, on March 20, 1995, Aum Shinrikyo was ready.
Using five assault teams consisting of tw o men each, the
sect members planned an attack on the crowded Tokyo sub-
way system at the height of Monday morning rush hour .
Each team boarded a dif ferent train carrying tw o brown
paper bags containing a plastic container of sarin. Between
7:46 A.M. and 8:01 A.M., cult members punctured the bags
with an umbrella and stepped of f the trains. As the trains
continued down the track to the ne xt station, toxic fumes
began seeping from the bags. The effects were rapid. P as-
sengers began displaying signs of coughing, vomiting, and
convulsing within a few stops (1). 

The first fire and emergency medical units be gan to re-
spond shortly after eight o’clock and were quickly o ver-
whelmed by the number of casualties flooding the train sta-
tions and pouring out onto the streets. Initial responders were
not equipped with personal protecti ve equipment (PPE).
Consequently, many of them became casualties as the y de-
scended into the stations. P atients were not decontaminated



at the incident scene before being transported to hospitals. In
addition to almost 700 casualties transported to hospitals by
ambulances, hospitals were quickly o verwhelmed by o ver
4,000 victims self-referring to hospital emer gency rooms.
Of the 5,510 patients e ventually treated, 85% were psy-
chogenic, displaying no real chemical injuries. Tokyo police
took over 2 hours to identify the agent as sarin. Meanwhile,
hospitals had only limited stocks of 2-P AM and atropine
sulfate to administer to the most seriously ill patients. F ail-
ure to decontaminate patients at the incident scene before
transporting resulted in about 10% of the emer gency med-
ical technicians (EMTs) displaying symptoms of nerv e
agent poisoning, probably from off-gassing. The emergency
room (ER) staff was also susceptible to off-gassing with ap-
proximately 16% of some ER staf fs becoming casualties
themselves (1).

Aum Shinrikyo’s attack was significant because it repre-
sented the first chemical weapons attack by a nonstate group
on a civilian population. This was a major turning point in
the history of terrorism. After March 20, 1995, no one ever
looked at terrorism quite the same. 

Within less than a month follo wing Aum Shinrikyo’s
deadly attack on the Tokyo subway, another terrorist attack
would occur in the heartland of the United States and w ould
shake America to its very core. At 9:02 A.M. on April 19, 1995,
Timothy McVeigh exploded a rented truck containing a mix-
ture of 4,800 pounds of ammonium nitrate (common fertilizer)
and nitromethane (racing fuel) in front of the Alfred P. Murrah
Federal Building in Oklahoma City, Oklahoma. The explosion
destroyed several concrete columns at the front of the building
causing a structural collapse of a major portion of the b uild-
ing’s nine floors. The blast killed 168 people—19 of them
children who attended a day care center located on the b uild-
ing’s ground floor. Over 600 people were injured, and 25 sur-
rounding buildings were severely damaged or destroyed. Prior
to the attacks of September 11, 2001, the terrorist attack on the
Murrah Federal Building was the largest domestic terrorist at-
tack in the history of the United States (3).

AMERICA RESPONDS: PRESIDENTIAL
DECISION DIRECTIVE 39 AND NUNN-
LUGAR-DOMENICI ACT OF 1996

The Aum Shinrikyo nerve agent attack on the Tokyo subway
and the bombing of the Murrah Federal Building in Okla-
homa City clearly demonstrate that the nature of the terrorist
threat has changed signif icantly over the last fe w years.
Twenty years ago the purpose of the majority of terrorist at-
tacks was to gain publicity for the terrorist group. To get their
name and particular cause broadcast across the w orld was
usually their primary objecti ve. Invariably these terrorist at-
tacks would result in relatively few casualties. The economic
impact of these attacks was also very limited. The terrorist at-
tacks of 1995 sho wed that the v ery nature of terrorism had
changed fundamentally. Now, publicity and notoriety were no
longer the primary objectives. The purpose of the new attacks
was to create human casualties and to ef fect as man y eco-
nomic and social consequences as possible. These objectives
could only be achieved by use of WMD. 

Following these attacks, the federal go vernment took
several steps to better prepare the nation’ s responders to
deal with this new threat posed by WMD. On June 21, 1995,
President Clinton signed Presidential Decision Directive-39
(PDD-39), U.S. Policy on Counterterrorism. This classified
document laid out the national polic y and assigned specific
missions to designated federal departments and agencies.
PDD-39 reaffirmed existing Department of Justice (DOJ)
and Federal Bureau of In vestigation (FBI) responsibilities
for counterterrorism and the threats or acts of terrorism
within the United States. The directive further clarified the
role of FEMA as the primary federal agency responsible for
managing the on-scene response to an act of terrorism in the
United States. PDD-39 also established U.S. polic y for
combating terrorism. It recognized that terrorism is a threat
to national security as well as a criminal act. Therefore, the
policy of the United States was to use all appropriate means
to deter, defeat, and respond to all terrorist attacks on U.S.
territory and resources, both with people and f acilities,
wherever they occur (4). 

To ensure that the United States w as better prepared to
combat terrorism in all of its forms, a number of measures
were directed. These included reducing vulnerabilities to ter-
rorism, deterring and responding to terrorist attacks, and
having capabilities to prevent and manage the consequences
of terrorist use of WMD. To reduce vulnerabilities to terror-
ism, both at home and abroad, all departmental/agency heads
were directed to ensure that their personnel and f acilities
were fully protected against terrorism. The Domestic Emer-
gency Support Team (DEST) w as created to respond to 
domestic incidents of terrorism. DEST membership was lim-
ited to those agencies required to respond to the specific inci-
dent. These teams included elements capable of responding
to specific types of threats such as nuclear, chemical, and bi-
ological. The development of effective capabilities for pre-
venting and managing use of WMD materials or weapons
was given the highest priority . Senior of ficials were v ery
concerned about the possibility of terrorists acquiring WMD,
and preventing the acquisition of such materials/weapons or
removing the capability from terrorist groups w as given the
highest priority (4).

Concerned that WMDs were becoming increasingly avail-
able to terrorists, Congress passed the Defense Against
Weapons of Mass Destruction Act of 1996, commonly known
as the Nunn-Lugar -Domenici Act (Public La w 104-201,
September 23, 1996). The act designated the Department of
Defense (DOD) as the lead agenc y to enhance domestic pre-
paredness for responding to the use of WMD. Under the act,
DOD was tasked to provide training, exercise, and expert ad-
vice to emergency response personnel and lend equipment to
local jurisdictions. 

The DOD identified the nation’s 120 largest cities for re-
ceipt of training, exercises, and equipment to enhance their
capacity to respond to WMD incidents. On April 6, 2000,
President Clinton transferred this program to the Depart-
ment of Justice (DOJ). Prior to the program’s transfer, DOD
trained over 28,000 first responders, delivered all three pro-
gram elements to 68 of the 120 cities, and delivered the
training components to an additional 37 cities. The program
was again transferred on March 1, 2003, to the Department
of Homeland Security (DHS) for completion of training for
the remaining cities (5). 

372 Section 10 Operational Medical Preparedness for Terrorism



REFINING THE PROCESS: PRESIDENTIAL
DECISION DIRECTIVES 62 AND 63

In an attempt to clarify se veral aspects of PDD-39, and to
strengthen the nation’ s defenses against emer ging uncon-
ventional threats, President Clinton issued Presidential De-
cision Directives 62 and 63 in May 1998. PDD-62 focused
on terrorist acts and the use of WMD, while PDD-63 fo-
cused on unconventional assaults on the United States’ criti-
cal infrastructures and cyber-attacks.

Combating Terrorism Directive, PDD-62, highlighted the
growing threat of unconventional attacks against the United
States. It detailed a ne w and more systematic approach to
fighting terrorism by bringing a program management ap-
proach to U.S. counterterrorism ef forts. The directive also
established the Office of National Coordinator for Security ,
Infrastructure Protection and Counter -Terrorism to oversee
a broad variety of relevant policies and programs, including
areas such as counterterrorism, protection of critical infra-
structure, and preparedness and consequence management
for WMD. It reinforced the mission of the man y federal
agencies charged with defeating terrorism and codif ied and
clarified their activities in a wide range of counterterrorism
programs (5).

The Presidential Decision Directive 63 (PDD-63) specifi-
cally addressed critical infrastructure protection and called
for a national ef fort to ensure the security of the vulnerable
and interconnected infrastructures of the United States. These
infrastructures included telecommunications, banking and
finance, energy, transportation, and essential go vernment
services. The directive required immediate federal go vern-
ment action, including risk assessment and planning to re-
duce exposure of the critical components of America’s
economy. It stressed the importance of cooperation between
the government and the private sector by linking designated
agencies with private sector representatives (6). 

PDD-63 built upon the recommendations of the Presi-
dent’s Commission on Critical Infrastructure protection. In
October 1997, the commission issued its report calling for a
national effort to ensure the security of the United States’ in-
creasingly vulnerable and interconnected infrastructures.
PDD-63 was the culmination of an intense, interagency effort
to evaluate those recommendations and produce a w orkable
and innovative framework for critical infrastructure protec-
tion. The president’s policy set a goal of achieving a reliable,
interconnected, and secure information system infrastructure
by the year 2003 and signif icantly increased security to gov-
ernment systems by establishing a national center to w arn of
and respond to attacks. The directive also addressed the cyber
and physical infrastructure vulnerabilities of the federal go v-
ernment by requiring each department and agency to work to
reduce its exposure to these new threats (6).

PDD-63 was unique in that it w as one of the f irst docu-
ments to seek the v oluntary participation of private industry
to meet common goals for protecting critical systems
through public-private partnerships. PDD-63 set up a ne w
structure to deal with this important challenge by establish-
ing the National Infrastructure Protection Center (NIPC) to
combine representatives from FBI, DOD, U.S. Secret Ser-
vice, Energy, Transportation, the intelligence community ,

and the private sector in an unprecedented attempt at infor-
mation sharing among agencies. The NIPC also provided the
principal means of f acilitating and coordinating the federal
government’s response to an incident, mitigating attacks, in-
vestigating threats, and monitoring reconstitution efforts (6).

9/11 AND THE CHANGES 
TO HOMELAND SECURITY

Following the unprecedented terrorist attacks against the
World Trade Center and the Pentagon on September 11,
2001, the president and congress took se veral steps to en-
hance homeland security against terrorist attacks. On October
17, 2002, the National Security Counsel published the Na-
tional Security Strategy of the United States of America. The
purpose of this document was to establish a new national se-
curity strategy focused on homeland security by deterring at-
tacks abroad and protecting against attacks at home (7).

To further emphasize the importance of homeland secu-
rity, the National Security Counsel also published the f irst
National Strategy for Homeland Security on July 16, 2002.
This document w as written with the e xpressed purpose to
“mobilize and prepare The United States to secure the U.S.
homeland from terrorist attacks.” The strategy provided a na-
tional framework for homeland security by setting direction
for federal departments and agencies that ha ve a role in
homeland security. It suggested steps that state and local
governments, private companies, organizations, and individ-
ual Americans could take to improve their security. The doc-
ument stated three strate gic objectives: (a) prevent terrorist
attacks within the United States; (b) reduce America’s vul-
nerability to terrorism; and (c) minimize the damage and re-
cover from attacks that do occur . Additionally, the strategy
identified several major initiatives to help the nation better
prepare for homeland security: (a) integration of several sep-
arate federal response plans into a single all-discipline inci-
dent management plan, (b) creation of a national incident
management system, (c) preparation of health care providers
for catastrophic terrorism, (d) augmentation of America’s
pharmaceutical and vaccine stockpiles, and (e) introduction
of several initiatives to strengthen the capability of the na-
tion’s first responders to respond to a terrorist attack (8).

Published in December 2002, the National Domestic Pre-
paredness Strategy was developed to help deal with v arious
homeland security issues. This document articulates a na-
tional strategy specifically focused on combating WMD. The
strategy recognized that the threat of a WMD attack repre-
sents one of the greatest security challenges facing the United
States and conveys a comprehensive strategy to counter this
threat. The document clearly states that the United States 
“. . . will not permit the w orld’s most dangerous regimes and
terrorists to threaten us with the w orld’s most destructi ve
weapons.” The strategy outlines three principal pillars for
combating WMD. The first is counterproliferation. The
United States will use interdiction, deterrence, defense, and
mitigation to counter the threat of WMD. Second, the United
States will pursue an active nonproliferation strategy through
the use of diplomac y, threat reduction cooperation, controls
of nuclear materials, export controls, and sanctions. Finally,
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the strategy recognizes that all levels of government must be
prepared to respond to the effects of a WMD attack (9).

One of the most important documents published by the
White House follo wing the terrorist attacks of September
11, 2001, was Homeland Security Presidential Directi ve 5
(HSPD-5). Published in February of 2003, this document
further clarified roles of federal agencies in homeland secu-
rity and mandated se veral important polic y issues that
would have a f ar-reaching impact on state and local re-
sponse to acts of terrorism. First, HSPD-5 established the
Secretary of Homeland Security as the principal federal of-
ficial for management of domestic incidents. The secretary
is responsible for coordinating the federal response within
the United States and to prepare for, respond to, and recover
from terrorist attacks, major disasters, or other emergencies.
Previously, the director of FEMA had been responsible for
these functions. (10). 

HSPD-5 also called for the establishment of a single,
comprehensive approach to incident management. Pre vi-
ously, incident management was not standardized, and many
state and local jurisdictions de veloped their own unique ap-
proach. While the individual incident management systems
worked well for small, localized events, such as fire or other
local emergencies, response to a larger event involving mul-
tiple organizations from many different jurisdictions would
require a more standardized approach. Therefore, the Secre-
tary of Homeland Security w as directed to de velop a Na-
tional Incident Management System (NIMS). The system
would provide a consistent nationwide approach for federal,
state, and local governments to work effectively together to
plan for and respond to domestic incidents regardless of size
or complexity. NIMS would provide for interoperability and
compatibility among federal, state, and local levels of gov-
ernment by establishing a common set of concepts, princi-
ples, and terminology. All federal, state, and local agencies
are required to adopt NIMS by fiscal year 2005 (10).

Furthermore, HSPD-5 established a National Response
Plan (NRP). Although FEMA had long been responsible for
a Federal Response Plan for natural disasters, response
planning was not standardized across the federal, state, and
local levels. Previously, many government agencies devel-
oped specific response plans that often dealt with just one
threat or emer gency and were not inte grated with other
agencies or response requirements. The NRP would be an
integrated document focusing on an all-hazards approach to
planning. The NRP would provide structure for a national-
level response to include protocols for operating under dif-
ferent threats or threat le vels, a consistent approach to re-
porting incidents, and a standard method of pro viding
assessments. HSDP-5 also recognized that the initial re-
sponsibility for managing domestic incidents w ould fall on
state and local authorities and called upon these entities to
develop their own all-hazards plans and capabilities (10). 

THE HOMELAND SECURITY ACT 
OF 2002 AND PUBLIC LAW 107-296

Perhaps the most important action taken by the federal gov-
ernment following the September 11, 2001, terrorist attacks
was passage of the Homeland Security Act of 2002. Signed

into law as Public La w 107-296 by President Bush on No-
vember 25, 2002, this important law established the Depart-
ment of Homeland Security (DHS). The bill specif ies the
mission, functions, organization, and authorities of the ne w
department. Congress’ intent is the primary mission of the
new department, including preventing terrorist attacks within
the United States, reducing the vulnerability of the United
States to terrorism at home, and minimizing the damage and
assisting in the reco very from an y attacks that may occur .
The department’s primary responsibilities correspond to the
five major functions established by the bill: (a) information
analysis and infrastructure protection; (b) chemical, biologi-
cal, radiological, nuclear, and related countermeasures; (c)
border and transportation security; (d) emer gency prepared-
ness and response; and (e) coordination with other parts of
the federal government; state and local governments; and the
private sector. The bill also established a secretary of Home-
land Security and under secretaries for each of the major di-
visions within the department. In addition to specifying the
major departments within Homeland Security, Congress also
specified the 22 e xisting federal agencies to be transferred
into the new department (11). 

THE DEPARTMENT OF HOMELAND
SECURITY—ORGANIZATION 
AND FUNCTIONS

The creation of the Department of Homeland Security is the
most significant reorganization within the U.S. go vernment
since 1947 when President Truman merged the v arious
branches of the U.S. armed forces into the Department of
Defense. On March 1, 2003, over 170,000 federal emplo y-
ees were transferred to the new organization. 

The Department of Homeland Security’ s first priority is
to protect the nation against further terrorist attacks. To ac-
complish this mission successfully , the DHS is or ganized
into four major directorates: (a) Border and Transportation
Security, (b) Emergency Preparedness and Response, (c)
Science and Technology, and (d) Information Analysis and
Infrastructure Protection. The following is a description of
each of the agencies transferred into the DHS:

The Border and Transportation Security directorate is re-
sponsible for: (a) preventing the entry of terrorists and the
instruments of terrorism into the United States; (b) securing
the borders, territorial waters, ports, terminals, waterways,
air, land, and sea transportation systems; (c) administering
the immigration and naturalization la ws; (d) administering
the customs laws; and (e) ensuring the speedy , orderly, and
efficient flow of lawful traffic and commerce in carrying out
these responsibilities (11). The agencies listed in Table 37-1
were transferred to this directorate (12).

The mission of the Border and Transportation Security
directorate is staggering given that 730 million people travel
on commercial aircraft and that there are more than 700 mil-
lion pieces of baggage being screened for e xplosives each
year. Additionally, there are 11.2 million trucks and 2.2 mil-
lion rail cars that cross into the United States each year .
Also, 7,500 foreign flagships mak e 51,000 calls in U.S.
ports annually. DHS is responsible for protecting the move-
ment of international trade across the nation’s borders, max-
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imizing the security of the international supply chain, and
engaging foreign governments and trading partners in pro-
grams designed to identify and eliminate security threats be-
fore they arrive at U. S. ports and borders (12). 

To better perform this mission, DHS combined the Ani-
mal and Plant Inspection Service, the Immigration and Nat-
uralization Service, the Border Patrol, and the U.S. Customs
Service to form the Customs and Border Protection Agency
(CBP). CBP secures the nation’s borders by providing bor-
der and ports of entry security, interdicting the passage of il-
legal goods, and working overseas to prevent illegal smug-
gling and immigration. Also, the responsibility for
providing immigration-related services and benefits such as
naturalization and work authorization was transferred from
the Immigration and Naturalization Service (INS) to the Bu-
reau of Citizenship and Immigration Services (BCIS) (12).

Transferred from the Department of Treasury, the Fed-
eral Law Enforcement Training Center (FLETC) trains the
majority of federal officers and agents. It not only services
76 federal agencies but also provides training to state, local,
and international police in selected adv anced programs. Its
headquarters are located on a 1,500-acre campus at Glynco,
near Brunswick, Georgia, but FLETC also operates satellite
federal training f acilities at Artesia, New Mexico, and 
Cheltenham, Maryland. FLETC oversees the operations of
the International Law Enforcement Academy at Gabarone,
Botswana, and supports training for the U.S. Border Patrol at
Charleston, South Carolina (13).

In the event of a terrorist attack, natural disaster, or other
large-scale emergency, the DHS will assume primary respon-
sibility for coordinating and directing the federal response.
The DHS directorate, Emergency Preparedness and Re-

sponse, is responsible for o verseeing domestic disaster pre-
paredness training and coordinating the U.S. go vernment re-
sponse to a major e vent. Functions transferred to this direc-
torate include (a) helping to ensure the preparedness of
emergency response providers for major disasters and other
emergencies; (b) establishing standards, conducting exer-
cises, and training and e valuating performances; (c) coordi-
nating the federal go vernment’s response to terrorist attacks
and major disasters; (d) aiding the reco very from terrorist at-
tacks and major disasters; (e) working with other federal and
nonfederal agencies to b uild a comprehensive national inci-
dent management system; (f) consolidating e xisting federal
government emergency response plans into a single, coordi-
nated national response plan; and (g) developing comprehen-
sive programs for interoperative communications technology
and ensuring that emergency response providers acquire such
technology. This directorate is also responsible for se veral
specific functions: (a) coordinating the o verall response; (b)
directing the Domestic Emergency Support Team, the Strate-
gic National Stockpile, the National Disaster Medical Sys-
tem, and the Nuclear Incident Response Team; (c) overseeing
the Metropolitan Medical Response System; and (d) coordi-
nating other federal response resources (11). The agencies
listed in Table 37-2 were transferred to this directorate (12).

In connection with an actual or threatened terrorist attack,
major disaster, or other emergency, the Secretary of Homeland
Security is authorized to call certain elements of the Depart-
ment of Ener gy (DOE) and the En vironmental Protection
Agency (EPA) into service as an organizational unit of DHS.
These organizations provide expert personnel and specialized
equipment to deal with the various nuclear emergencies, acci-
dents, and terrorism. These teams include e xpertise in such
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TABLE 37-1 Agencies Transferred to DHS, Directorate of Border and
Transportation Security

AGENCY TRANSFERRED FROM

U.S. Customs Service Department of Treasury
Immigration and Naturalization Service (part) Department of Justice
Federal Protective Service General Services Administration
Transportation and Security Administration Department of Transportation
Federal Law Enforcement Training Center Department of Treasury
Animal and Plant Health Inspection Service (part) Department of Agriculture

TABLE 37-2 Agencies Transferred to DHS, Directorate of Emergency
Preparedness and Response

AGENCY TRANSFERRED FROM

Federal Emergency Management Agency FEMA
Strategic Pharmaceutical National Stockpile Department of Health and Human Services
National Disaster Medical System Department of Health and Human Services
Nuclear Incident Response Team Department of Energy
Domestic Emergency Response Team Department of Justice
National Domestic Preparedness Office FBI
Office of Emergency Preparedness Department of Health and Human Services
Metropolitan Medical Response System Department of Health and Human Services



areas as de vice assessment and disablement, intelligence
analysis, credibility assessment, and health physics (12). 

Urban search and rescue (USAR) is another important
aspect of the Emergency Preparedness and Response direc-
torate. USAR involves the location, rescue, and initial med-
ical stabilization of victims trapped in conf ined spaces.
Structural collapse is most often the cause of victims being
trapped, but victims may also be trapped in transportation
accidents, mines, and collapsed trenches. USAR is consid-
ered a “multihazard” discipline, as it may be needed for a
variety of emergencies or disasters, including earthquakes,
hurricanes, typhoons, storms and tornadoes, floods, dam
failures, technological accidents, terrorist activities, and
hazardous material releases. Each USAR task force is com-
posed of 62 positions. The task forces often include more
than 130 highly trained members and are formed as a part-
nership between local f ire departments, law enforcement
agencies, federal and local governmental agencies, and pri-
vate companies. A task force is totally self-sufficient for the
first 72 hours of a deplo yment. The entire team and its
equipment can be deplo yed in a U.S. Air Force C-141 or
two C-130 aircraft. Team training requirements are very in-
tense. In addition to being an EMT, each task force member
must complete hundreds of hours of specialty training such
as K-9, search and rescue, and rigging. Each task force is
capable of (a) conducting physical search and rescue in col-
lapsed buildings, (b) providing emergency medical care to
trapped victims, (c) using search and rescue dogs, (d) as-
sessing and controlling of gas, electric service, and haz-
ardous materials, and (e) e valuating and stabilizing dam-
aged structures (14). 

DHS is also responsible for o verseeing several public
health-related response acti vities. The National Disaster
Medical System (NDMS) is a cooperative asset-sharing pro-
gram among federal go vernment agencies, state and local
governments, private businesses, and volunteers to ensure
that resources are available to provide medical services fol-
lowing a disaster that o verwhelms the local health care re-
sources. NDMS is a federally coordinated system that aug-
ments the nation’s emergency medical response capability .
The overall purpose of the NDMS is to establish a single,
integrated national medical response capability for assisting
state and local authorities in dealing with the medical and
health effects of major peacetime disasters and pro viding
support to the military and v eterans health administration
medical systems in caring for casualties e vacuated back to
the United States from overseas (15).

NDMS also promotes the development of Disaster Med-
ical Assistance Teams (DMATs). A DMAT is a group of
professional and paraprofessional medical personnel (sup-
ported by a cadre of logistical and administrati ve staff) de-
signed to provide emergency medical care during a disaster
or other event. Each team has a sponsoring organization,
such as a major medical center , a public health or safety
agency, or a nonprofit, public, or private organization. The
DMAT sponsor organizes the team and recruits members,
arranges training, and coordinates the dispatch of the
team. In addition to the standard DMATs, there are highly
specialized DMATs that deal with specific medical condi-
tions such as crush injury , burn, and mental health emer-
gencies. Other specialty teams include Disaster Mortuary
Operational Response Teams (DMORTs) that pro vide

mortuary services, Veterinary Medical Assistance Teams
(VMATs) that pro vide veterinary services, and National
Medical Response Teams (NMRTs) that are equipped and
trained to provide medical care for victims of weapons of
mass destruction (15). 

DMATs are required to deploy to disaster sites with suffi-
cient supplies and equipment to sustain themselves for a pe-
riod of 72 hours while pro viding medical care at a f ixed or
temporary medical care site. In mass casualty incidents,
their responsibilities include triaging patients, providing
austere medical care, and preparing patients for evacuation.
In other types of situations, DMATs may provide primary
health care and/or serve to augment overloaded local health
care staffs. DMATs may also be activated to support patient
reception and disposition of patients to hospitals. DMA T
members are required to maintain appropriate certif ications
and licensure within their discipline. When members are ac-
tivated as federal emplo yees, licensure and certif ication is
recognized by all states (15).

NDMS also provides victim identification and mortuary
services. These responsibilities include temporary morgue
facilities, victim identification, forensic dental pathology,
forensic anthropology methods, processing, preparation,
and disposition of remains. To accomplish this mission,
NDMS entered into a Memorandum of Agreement with
the National Association for Search and Rescue (NASAR),
a nonprofit organization, to develop DMORTs. These mor-
tuary affairs teams are composed of pri vate citizens, each
with a particular field of expertise, who are activated in the
event of a disaster . DMORT members are required to
maintain appropriate certif ications and licensure within
their discipline. When members are called to duty , licen-
sure and certif ication is recognized by all states, and the
team members are compensated for their duty by the federal
government. During an emer gency response, DMORTs
works under the guidance of local authorities by providing
technical assistance and personnel to recover, identify, and
process deceased victims. Teams are composed of funeral
directors, medical examiners, coroners, pathologists,
forensic anthropologists, medical records technicians and
transcribers, fingerprint specialists, forensic odontologists,
dental assistants, x-ray technicians, mental health special-
ists, computer professionals, administrative support staf f,
and security and in vestigative personnel. The Office of
Emergency Preparedness maintains a Disaster Portable
Morgue Unit (DPMU) as a depository of equipment and
supplies for deplo yment to a disaster site. It contains a
complete morgue with designated w orkstations for each
processing element and prepackaged equipment and sup-
plies (15).

The NRP tasks the NDMS to provide assistance in assess-
ing the extent of disruption and need for v eterinary services
following major disasters or emergencies. These responsibil-
ities include assessing medical needs of animals, medical
treatment and stabilization of animals, animal disease sur-
veillance, zoonotic disease surveillance and public health as-
sessments, technical assistance to ensure food and w ater
quality, hazard mitigation, animal decontamination, and bio-
logical and chemical terrorism surv eillance. To accomplish
this mission, NDMS entered into a Memorandum of Agree-
ment with the American Veterinary Medical Association
(AVMA), a nonprofit organization, to develop VMATs.
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These special veterinary teams are composed of pri vate citi-
zens who are acti vated in the e vent of a disaster . VMAT
members are required to maintain appropriate certif ications
and licensure within their discipline. When members are ac-
tivated, all states recognize licensure and certification. Teams
are composed of clinical v eterinarians, veterinary patholo-
gists, animal health technicians (veterinary technicians), mi-
crobiologist/virologists, epidemiologists, toxicologists, and
various other scientific and support personnel (15).

The Science and Technology directorate focuses on the
use of technology to assist in homeland security . DHS oper-
ates under one roof with the capability to anticipate, preempt,
and deter threats to the homeland whene ver possible and the
ability to respond quickly when such threats do materialize.
Also, DHS is responsible for assessing the vulnerabilities of
the nation’s critical infrastructure and c yber security threats.
The department will evaluate any potential threat and coordi-
nate with federal, state, local, and private entities to ensure
the most effective response. DHS’s Science and Technology
directorate is tasked with researching and organizing the sci-
entific, engineering, and technological resources of the
United States and le veraging these e xisting resources into
technological tools to help protect the homeland. Uni versi-
ties, the private sector, and the federal laboratories are also an
important part in this endea vor (11). Table 37-3 lists the
major assets that were transferred to this directorate (12).

The department’s research and technology efforts focus on
developing capabilities to detect and deter attacks on infor-
mation systems and critical infrastructures. The Science and
Technology directorate oversees a national research program
to support homeland defense. This research and development
effort is dri ven by a constant e xamination of the nation’ s 
vulnerabilities, repeated testing of security systems, and a
thorough evaluation of the strengths and weaknesses in the
system. Advanced research and development of software and
technology that will protect information is an important part
of this program. DHS’ s Science and Technology directorate

conducts the research efforts to meet emerging and predicted
needs and works closely with universities, the private sector,
and national and federal laboratories (12).

The new department’s Information Analysis and Infra-
structure Protection directorate analyzes intelligence and
information from other agencies, to include the Central In-
telligence Agency, FBI, Defense Intelligence Agency, and
National Security Agency, involving threats to homeland
security. Functions transferred to this directorate include
(a) receiving and analyzing la w enforcement information,
intelligence, and other information in order to understand
the nature and scope of the terrorist threat and to detect and
identify potential threats of terrorism within the United
States; (b) comprehensively assessing the vulnerabilities of
key resources and critical infrastructures; (c) inte grating
relevant information, intelligence analysis, and vulnerabil-
ity assessments to identify protective priorities and support
protective measures; (d) de veloping a comprehensi ve na-
tional plan for securing k ey resources and critical infra-
structures; (e) taking or seeking to ef fect necessary meas-
ures to protect those k ey resources and infrastructures; (f)
administering the Homeland Security Advisory System, ex-
ercising primary responsibility for public threat advisories,
and providing specific warning information to state and
local governments and the private sector, as well as advice
about appropriate protective actions and countermeasures;
and (g) re viewing, analyzing, and making recommenda-
tions for improvements in the policies and procedures gov-
erning the sharing of la w enforcement, intelligence, and
other information relating to homeland security within the
federal government and between the federal, state, and
local governments (11). Table 37-4 lists the federal agen-
cies that were transferred to the Information Analysis and
Infrastructure Protection Directorate (12).

Over the past several years, the range of computer crimes
has increased from simple hacking by juv eniles to sophisti-
cated intrusions that may be sponsored by foreign powers. As
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TABLE 37-3 Agencies Transferred to DHS, Directorate of 
Science and Technology

AGENCY TRANSFERRED FROM

CBRN Countermeasures Programs Department of Energy
Environmental Measurements Laboratory Department of Energy
National BW Defense Analysis Center Department of Defense
Plum Island Animal Disease Center Department of Agriculture

TABLE 37-4 Agencies Transferred to DHS, Directorate of Information
Analysis and Infrastructure Protection

AGENCY TRANSFERRED FROM

Critical Infrastructure Assurance Office Department of Commerce
Federal Computer Incident Response Center General Services Administration
National Communications System Department of Defense
National Infrastructure Protection Center FBI
Energy Security and Assurance Program Department of Energy



the threat and number of c yber crimes continue to increase,
the Information Analysis and Infrastructure Protection direc-
torate will continue to play an ever-increasing and vital role in
homeland security. The directorate is responsible for detect-
ing, warning, responding to, and investigating computer in-
trusions and unlawful acts that threaten or target critical infra-
structures of the United States. Furthermore, the directorate
not only provides a reactive response to an attack that has al-
ready occurred but also actively seeks to discover planned at-
tacks and issue w arnings before they occur. This large and
difficult task requires the information to be collected and ana-
lyzed from all available sources, including, but not limited to,
law enforcement, intelligence sources, data provided by in-
dustry and open sources, and the dissemination of w arnings
of possible attacks to potential victims (16).

The directorate includes representati ves from 22 other
government agencies, the private sector, state and local la w
enforcement, and international partners. This directorate is
also responsible for computer intrusion in vestigations and
for providing subject matter, equipment, and technical sup-
port to cyber investigators in federal, state, and local govern-
ment agencies involved in critical infrastructure protection. It
also provides a cyber emergency response capability to help
resolve a cyber incident, as well as analytical support during
computer intrusion investigations and long-term analysis of
vulnerability and threat trends. Through its 24/7 w atch and
warning capability, it distributes tactical warnings to all the
relevant partners, informing them of potential vulnerabilities
and threats and long-term trends. It also re views numerous
government and private sector databases, media, and other
sources daily to gather information that may be rele vant to
any aspect of its mission, including a possible attack (16).

Additionally, the Department of Homeland Security in-
cludes the U.S. Secret Service. This agency was transferred
from the Department of Treasury and now reports directly to
the secretary. Although transferred to DHS, its mission re-
mains relatively unchanged. It continues to be responsible
for (a) protection of the president and vice president, their
families, heads of state, and other designated individuals; (b)
investigation of threats against these protectees; (c) protec-
tion of the White House, vice president’s residence, foreign
missions, and other buildings within Washington, D.C.; and
(d) planning and implementing security designs for desig-
nated national special security e vents. The Secret Service
also investigates violations of certain laws relating to coun-
terfeiting of obligations and securities of the United States;
financial crimes such as identity theft, access device, and
financial institution and computer fraud; and computer-based
attacks on financial, banking, and telecommunications infra-
structures (17).

The U.S. Coast Guard was also transferred to the new de-
partment from the Department of Transportation. The Coast
Guard’s traditional missions of maritime safety and security
remain unchanged, and the service reports directly to the
secretary of Homeland Security. 

While FEMA is char ged with planning and coordinating
the federal response and mitigation of a terrorist attack, the
Office of State and Local Coordination and the Office of Do-
mestic Preparedness (ODP) ha ve the primary responsibility
of preparing the nation’ s responders for acts of terrorism.
These offices provide training, funds for purchase of equip-
ment, support for planning and e xecution of exercises, and

technical assistance for first responders and the medical com-
munity to help them prevent, plan for, and respond to acts of
terrorism. ODP achieves its mission by pro viding grants to
states and local jurisdictions, providing hands-on training
through its residential training facility, the Center for Domes-
tic Preparedness as well as in-service training at the local
level, funding and working with state and local jurisdictions
to plan and execute exercises, and on-site technical assistance
to state and local jurisdictions (18).

ODP was established in 1998 in response to congres-
sional concerns regarding the real potential of catastrophic
effects of a chemical or biological act of terrorism. Con-
gress realized that while the federal go vernment plays an
important role in pre venting and responding to terrorist at-
tacks, state and local public safety personnel are typically
first to respond to the scene when such incidents occur. As a
result, congress authorized the attorne y general to assist
state and local public safety personnel in acquiring the spe-
cialized training and equipment necessary to safely respond
to and manage terrorist incidents involving WMD (18).

Training and exercises play an important role in preparing
for acts of terrorism. In May 2000, at the direction of the
congress, ODP conducted the TOPOFF (Top Officials) exer-
cise, the largest federal, state, and local exercise of its kind,
involving three separate locations and a multitude of federal,
state, and local agencies. TOPOFF simulated chemical, bio-
logical, and radiological attacks around the country and pro-
vided valuable lessons for the nation’s communities. In May
2003, ODP sponsored TOPOFF 2 exercise to build upon the
success of the May 2000 TOPOFF. TOPOFF 2 was the most
comprehensive terrorism response e xercise ever undertaken
by the U.S. go vernment with more than 100 federal, state,
and local agencies participating (18). 

Development of state strate gies has been another impor-
tant ODP program. Beginning in 1999 and updated in 2003,
each state was asked to provide an assessment of their train-
ing and equipment requirements to respond to acts of terror-
ism. These state strategies formed the basis for structuring
grant and training programs to better meet state and local
needs. Beginning with an allocation of $12 million in 1998,
ODP’s grant program has gro wn to over $4 billion in f iscal
year 2004. Training for state and local responders is pro-
vided through grants and ODP’ s training center, the Center
for Domestic Preparedness (CDP) located in Anniston, Al-
abama. Established in 1998, CDP utilizes facilities vacated
by the closure of the U.S. Army’s Chemical School to train
state and local responders in adv anced hands-on techniques
to handle a terrorist attack. One of the more unique aspects
of CDP’s training program is the use of the chemical nerv e
agents sarin and VX in a controlled environment to simulate
an actual terrorist attack. This training is provided at no cost
to state and local responders (18).

STATE AND LOCAL RESPONSE EFFORTS

Americans tend to vie w security as a federal issue. Ho w-
ever, in the new war against terrorism, security is now very
much a state and local responsibility . In response to the
massive commitment to homeland security by the federal
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government, states and many major metropolitan areas have
also begun to organize themselves to better prepare for and
respond to acts of terrorism. All state go vernments now
have an of fice devoted specifically to homeland defense.
However, actions to better prepare for terrorist attacks v ary
significantly from state to state. Some states have placed the 
National Guard in char ge of all aspects of homeland secu-
rity. Others have assigned this function to the Department of
Public Safety or State Emer gency Management Of fice,
while a few states have followed the federal go vernment’s
example by creating a ne w department to deal with this
emerging threat. Man y major metropolitan jurisdictions
have also established new offices devoted entirely to home-
land security issues. With the assistance of federal grants
and other programs, state and local first responders, as well
as medical personnel, have begun to recei ve specialized
equipment and training to help them respond to such an 
attack. 

CONCLUSION

The terrorist attacks of September 11, 2001, represent a
clear fault line in the history of the United States. The
United States is now engaged in a long, and most probably,
protracted struggle against terrorism. The threat of cata-
strophic casualties caused by a terrorist attack using WMD
is very real. The medical aspects of combating terrorism are
both complex and daunting. Preparing to respond to such an
attack requires new skills and procedures. 

A unique aspect of homeland security is that although the
federal government is the best prepared to respond to a ter-
rorist attack, federal assets may not be immediately a vail-
able at the scene of an attack. In fact, federal assets may take
several hours if not days to reach the scene. Therefore, state
and local health care pro viders must be able to formulate
their own response with assets immediately a vailable to
them. America is now faced with a new enemy who strikes
from the shadows and cannot be held at bay by the tw o gi-
gantic oceans that have protected America for almost three
centuries. Homeland security will play an important role in
this struggle. 

Establishment of an entire department of the federal gov-
ernment devoted to homeland security is without prece-
dence in the history of the United States. As the Department
of Homeland Security continues to mature, it will undoubt-
edly continue to evolve and change to meet future demands
of securing the homeland against terrorist attacks. Preparing
the nation to respond to the terrorist threat will tak e consid-
erable time and ef fort; however, the journey is no w well 
underway.
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The Role of Military Medicine 
in Civilian Disaster Response
Brian A. Krakover

INTRODUCTION

Military medical units have played an important role in re-
cent natural disasters and may be called on in the future to
assist civilian agencies with medical response to future ter-
rorist attacks (Fig. 38-1). Emergency response to future ter-
rorist events will likely require federal assistance, and there
is a plan in place, aptly named the Initial National Response
Plan, which addresses man y of the mechanics associated
with that aid. This plan replaces the Federal Response Plan
and will be replaced with a f inal National Response Plan at
a future date. However, there are over 85,000 local jurisdic-
tions for the military to support, and the doctrine that go v-
erns how the military will support ci vil authorities in disas-
ter response is still under development (1).

PREPAREDNESS ESSENTIALS

In response to the e vents of September 11, the president of
the United States and Congress established the Department of
Homeland Security (DHS) to consolidate homeland security
and civil support under a single organization, and the Depart-
ment of Defense (DoD) established Northern Command
(NORTHCOM) to consolidate homeland defense and ci vil
support under a single command. Critical homeland security
plans, policies, and procedures are still being debated and
have not been finalized by national and state decision makers.
The interaction of the DHS, the assistant secretary of defense
for HLS, and NORTHCOM is still developing (1).

RULES REGARDING THE USE 
OF FEDERAL TROOPS

The policy that governs most limitations placed on the mili-
tary’s actions in domestic conflict is the well-kno wn but less

well understood Posse Comitatus Act of 1878 (2). The act was
initially intended “to end the use of federal troops to police
state elections in former Confederate states” (2). However, this
Reconstruction era law is used today to keep the military from
participating in domestic la w enforcement. This restriction
was one of the principal issues in the investigation of the mili-
tary’s involvement in the Branch Davidian assault, and it con-
tinues as a source of contro versy for DoD domestic coun-
ternarcotic and counterterrorist operations (3). Many questions
remain regarding the military’s role in domestic terror inci-
dents (3). As long as the federal bureaucracy defines terrorism
as a la w enforcement issue rather than a national security
issue, the DoD faces considerable legal limits on its ability to
act to counter domestic terrorism. Ho wever, Posse Comitatus
is not the absolute prohibition that man y consider it to be (4).
A rather significant loophole is written directly into the law:

Whoever, except in cases and under circumstances ex-
pressly authorized by the Constitution or Act of Con-
gress, willfully uses any part of the Army or the Air
Force (later to include Navy and United States Marine
Corps as well) as a Posse Comitatus or otherwise to
execute the laws shall be fined not more than $10,000
or imprisoned not more than two years, or both (5).

Thus it appears that the president or Congress may au-
thorize the use of federal military forces for domestic use if
they deem an indication exists (3). Significant recent excep-
tions to the act ha ve included disaster relief operations
under the Stafford Act, the “drug exception” authorized by
Congress to fight the “war on drugs,” border patrol opera-
tions along the Mexican border, and the military assistance
provided to state and local governments under the Domestic
Preparedness Program (3).

CHAIN OF COMMAND

At Oklahoma City, New York City, and the Pentagon, the
incident commander in each case w as a civilian fire chief,



and the military was in support of that f ire chief. That will
most likely be the model for the future. Although a stan-
dardized incident command system is a step in the right 
direction, more still needs to be done in order to mitigate ef-
ficiently the damages that come from a terrorist attack.
Under these circumstances, it is often not possible to e vac-
uate all those who w ould benefit, and the ability to mo ve
surgical beds and health care providers into the area of op-
erations may become important. To affect mortality signifi-
cantly, however, trauma surgery must be a vailable within
minutes or hours, and overall surgical needs after an earth-
quake fall off sharply after the initial 72 hours (6). Al-
though causing severe damage to health care f acility struc-
tures, recent hurricanes in the United States ha ve not
resulted in large numbers of deaths and serious injuries, but
they provide an appropriate analogy for a response to fu-
ture terrorist attack. Military medical units of fer an attrac-
tive way to augment patient care capabilities rapidly in a
civilian disaster situation (6). In order to acti vate military
medical forces for ci vilian disaster assistance, the state or
local authorities, usually the governor, must make a request
to the assistant secretary of defense for special operations
and low-intensity conflict (SOLIC) for additional re-
sources. The ASD-SOLIC is authorized by the DoD to des-
ignate the U.S. Army as the lead agenc y in cases of sus-
pected domestic terrorism.

NATIONAL DISASTER 
MEDICAL SYSTEM

The National Disaster Medical System is a federally coordi-
nated network of health care facilities that augments the na-
tion’s emergency response capability in case of disaster. The
NDMS has the main responsibility for assisting state and
local authorities in responding to major peacetime domestic
disasters as well as augmenting the VA and DoD Contin-
gency Hospital System for recei ving casualties in times of
war. DoD military hospitals, also known as MTFs (medical
treatment facilities), make a significant contribution to the
NDMS in civilian disasters by serving as Federal Coordinat-
ing Centers, or FCCs. The FCC, according to the Federal
Response Plan, is a facility located in a U.S. metropolitan
area responsible for daily coordination of planning and op-
erations in an assigned NDMS re gion or Patient Reception
Area (PRA) (7) (Table 38-1).

HISTORICAL EVENTS

MILITARY MEDICINE IN SUPPORT 
OF RECENT NATURAL DISASTERS

The U.S. armed forces have been involved in domestic dis-
aster response activities since the end of the Ci vil War, and
the reasons for using the military during these operations,
including the ability to provide resources and organizational
capabilities quickly, have not changed greatly since those
early years (6). The medical literature describes tw o major
deployments of military medical units to help with ci vilian
disaster response.

On the evening of September 15, 1995, Hurricane Marilyn
struck the island of St. Thomas in the U.S. Virgin 
Islands (USVI). The U.S. Army’s 28th Combat Support Hos-
pital was alerted for deployment on day 3. The territorial gov-
ernor requested federal assistance because the island’ s only
hospital was severely damaged by the storm. The CSH was
able to provide medical and sur gical beds, a neonatal ward,
labor and delivery rooms, an eight-bed emergency room, and
two 12-bed intensi ve care units (ICUs) based out of tents.
They were also able to provide hospital laundry, pharmacy, ra-
diology, and maintenance capabilities. Despite legal, financial,
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Figure 38–1. Lieutenant Jeff Bledsoe provides medical attention
to a Turkish girl in a U.S. Navy medical tent in Izmit, Turkey, on
August 25, 1999. DoD (Photo courtesy of Petty Officer 1st Class
Robert Benson, U.S. Navy).

TABLE 38-1 U.S. Contingency Bed Hospital Capacity (16)

FACILITY TYPE NUMBER OF FACILITIES BEDS AVAILABLE WITHIN 30 DAYS

Department of Defense 45 7,603
Military Treatment Facilities

Department of Veterans 64 6,904
Affairs Facilities

NDMS-Affiliated Acute-Care 1,700 91,638
Civilian Medical Centers
Total 106,145



and political concerns, the unit was able to care for a desper-
ate patient population in need and to pro vide sustained capa-
bilities while local health care facilities were rebuilt.

In June 2001, 87 airmen from the Air Force’s 59th Expe-
ditionary Medical Squadron, based at Wilford Hall Air
Force Medical Center in San Antonio, Texas, deployed to
Houston after rains from tropical storm Allison flooded the
city. Five of the city’ s major hospitals were flooded and
closed, bringing Houston’s emergency room capabilities
down to 75% of normal. In 12 days, they treated more than
1,000 patients (8). According to Major (Dr.) Andy C. Chiou,
a staff surgeon with the 59th Medical Wing based in San
Antonio, the field hospital enhanced Houston’ s emergency
room capabilities by seeing over 100 patients a day and op-
erated at roughly the equi valent of any major Air Force in-
stallation hospital with about one-tenth the staff (8).

In the case of Hurricane Marilyn, the critical contribution
of the military w as far-forward surgical and stabilization
services for critically ill trauma patients (6). This capability
is one of the main f actors influencing the steady impro ve-
ment in the survi val of combat casualties since the Ci vil
War, and it will play an important role in reducing morbidity
and mortality of future terrorist attacks (9).

Local and regional resources may be rapidly used and cost
effective and are vital for the immediate care of disaster vic-
tims. Most important to trauma patients will be an operational
surgical capacity. These resources could be de veloped in the
civilian sector within either the emer gency management
agency or the local trauma system. National Guard units
could also support assets, and these could be located re gion-
ally with state National Guard compact (mutual-aid) agree-
ments to provide for their shared use. Other local assets, such
as local capacity for engineering assessment and health f acil-
ity planning, could be developed within National Guard units
or contracted in advance with civilian professionals. Inclusion
of these personnel in predisaster mitigation projects would fa-
miliarize them with the health facilities they would be respon-
sible for assessing during the response phase (6).

MILITARY RESPONSE CAPABILITIES

U.S. ARMY, U.S. NAVY, U.S. MARINE
CORPS, AND U.S. AIR FORCE

The U.S. Army has organized Special Medical Augmentation
Response Teams (SMART) to deli ver a small number of
highly skilled specialists within hours to e valuate a situation,
provide advice to local authorities, and organize military re-
sources to support response to a disaster or terrorist act. These
teams, located at the Regional Medical Commands and subor-
dinate commands throughout the country, have critical expert-
ise in nuclear, biological, and chemical casualties; evacuation;
trauma and critical care; burn treatment; preventive medicine;
medical command, control, communications, and telemedi-
cine systems; health f acilities support; v eterinary support;
stress management; and pastoral care. These teams are organ-
ized, equipped, trained, and ready to deploy within 12 hours of
notice. Their capabilities were most recently demonstrated
when seven members from Tripler Army Medical Center de-
ployed from Hawaii to the P acific island of Chuuk to assist

residents injured during a typhoon. Since last f all, patient de-
contamination equipment has been fielded to 23 medical treat-
ment facilities with emer gency rooms, and personnel ha ve
been trained in its use. With this equipment, up to 20 ambula-
tory patients an hour can be decontaminated (10). 

The U.S. Army Medical Research Institute of Infectious
Diseases (USAMRIID) at Fort Detrick, Maryland, is a formi-
dable national resource of expertise in dealing with dangerous
diseases, whether natural outbreaks or the result of biological
warfare. When anthrax-laced letters were sent in the mail in
late 2001, USAMRIID geared up for a phenomenal ef fort to
analyze thousands of samples collected from possibly e x-
posed sites, looking for the deadly bacterium (10).

The army has also provided new patient care products to
civilian law enforcement and trauma environments such as a
rapid coagulant powder and a natural fiber bandage that rap-
idly treats life-threatening hemorrhage. Both were de vel-
oped for soldiers b ut are now being made a vailable to the
civilian sector (11).

A major component of the army’s deployment to the hur-
ricanes mentioned previously is a system known as Deploy-
able Medical Systems, or DEPMEDS. The DEPMEDS sys-
tem is a modular , container-based system of bringing a
tailor-made field medical system as far forward as possible.
The DEPMEDS units are the size of a shipping container
but assemble with a small crew of individuals. They come in
a variety of packages ranging from operating suites,
med/surg wards, intensive care units, pharmacy, laboratory,
and radiology units (6). They are readily deployable by ship,
rail, or ground transportation and pro vide rapid expansion
of patient care facilities in the event of a mass casualty situ-
ation or replacement of e xisting facilities if local resources
are damaged by natural or human-made forces.

The U.S. Army and U.S. Marine Corps have collaborated
in the development of a compact, rapidly deployable surgical
facility called the Advanced Surgical Suite for Trauma Casu-
alties (ASSTC). The ASSTC is designed for trauma manage-
ment and resuscitative surgery. It is contained in a single 5 ×
5 × 10 foot transit package and can be carried by aircraft or
ship or  towed behind a truck or light tactical v ehicle. It can
be air delivered by parachute where no runways exist, and it
can be made operational within 18 to 30 minutes of arrival.

The U.S. Air Force has e xpeditionary medical support
(EMEDS) teams consisting of numerous modular teams
ranging in size from tw o personnel with equipment in back-
packs to components of the modular Air Force theater hospi-
tals (AFTH). Specif ically, the two-person preventive medi-
cine/aerospace medicine (P AM) team can pro vide initial
medical assessment of disasters, public health/preventive
medicine, and emergency/flight/primary-care medicine.
Ground critical-care teams (GCCT), three-person intensive-
care units based on critical-care air-transport teams (CCATT),
have performed critical care and patient transport in hundreds
of real-world missions. The five-person mobile field surgical
team (MFST) pro vides emergency general and orthopedic
surgery to 10 patients. Together, these teams—PAM, GCCT,
and MFST—make up the 10-person small portable e xpedi-
tionary aeromedical rapid-response (SPEARR) team, a
disaster-response “force package” that travels with back-
packs only (no pallet space) or with a small trailer (one
pallet equivalent) that can be loaded by a sling. It does not
require a forklift, and it can be pulled with a standard pickup
truck or airlifted by helicopter . The team provides a broad
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scope of care and has intrinsic communication capability for
aeromedical coordination, consultation, or resupply (12).

The U.S. Navy has already contributed to the war on ter-
ror. The Comfort was used to support operations during the
World Trade Center attack. It docked near the WTC site and
provided medical care and quarters to the disaster relief
workers at ground zero. The Mercy and the Comfort are
large-capacity hospital ships that could provide surge capac-
ity for civilians when the ships are not deployed (13).

NATIONAL GUARD

The National Guard has traditionally been the k ey military
element in both homeland defense and homeland security .
Their rich and proud tradition going back to the 17th century
has always stressed protecting U.S. citizens (14). Currently ,
the Air National Guard is in the process of reconf iguring its
89 medical squadrons into b uilding blocks to pro vide
EMEDS capabilities in each of the 10 FEMA regions (14).

The National Guard also maintains a host of specialized
disaster response teams. Ov er 30 states ha ve Civil Support
Teams for Weapons of Mass Destruction (CST -WMD).
These teams provide complementary capabilities to meet the
needs of the first responder. In addition, the NGB (National
Guard Bureau) maintains RAID, Rapid Assessment and Ini-
tial Detection Teams. The National Guard has equipped and
certified nine Weapons of Mass Destruction Ci vil Support
Teams (WMD-CST) whose mission is to assist local first re-
sponders in determining the nature of a terrorist attack, pro-
vide medical and technical advice, and pave the w ay for
identification and arrival of follow-on assets. Congress has
authorized 32 teams, including 17 teams added in fiscal year
(FY) 2000 and 5 added in FY 2001. The first 10 teams were

funded as part of the National Defense Appropriations Act
for FY 1999. As of September 2001, nine of these were certi-
fied by the secretary of defense as deployable (15,16). 

Overseeing the WMD-CST teams is the Joint Task
Force–Civil Support (JTF-CS), which was created as DoD’ s
command and control center for military support to ci vilian
authorities. JTF-CS will respond to requests for assistance
from FEMA for the purposes of domestic WMD response.
The Joint Task Force for Civil Support (JTF-CS) has no stand-
ing military personnel. The JTF-CS is commanded by a flag
officer (general or admiral) and supported by full-time civilian
personnel trained to or ganize and inte grate first responders,
federal law enforcement agencies, and emergency manage-
ment personnel. The JTF-CS coordinates Department of De-
fense support to FEMA for WMD events in the United States,
drawing on the DoD’s logistical and medical assets and capa-
bilities in detection and decontamination of toxic agents. 

ADDITIONAL RESOURCE UNITS

The Armed Forces Institute of Pathology, a DoD agency, is in-
ternationally known for its expertise in consultative pathology
and medical research. Within the Institute, the Office of the
Armed Forces Medical Examiner and the National Museum
of Health and Medicine emplo y forensic anthropologists 
specializing in mass disaster victim identif ication. The Of-
fice of the Armed Forces Medical Examiner (OAFME) is re-
sponsible for investigating all military f atalities as well as
civilian deaths under federal jurisdiction. When called for
emergency assistance, OAFME sends a team comprised of
pathologists, dentists, anthropologists, and forensic scien-
tists. OAFME has a close relationship with a number of fed-
eral investigative agencies (16) (Table 38-2).

Chapter 38 The Role of Military Medicine in Civilian Disaster Response 383

TABLE 38-2 Anthropological Skills in Mass Disasters

SKILL EXAMPLES

Devise grid systems for search and recovery U.S. Air 427
Oklahoma City bombing

Devise search criteria based on size and Hardin cemetery flood
scope of disaster Oklahoma City bombing

Identifying and reassociating fragmentary U.S. Air 427
remains American Eagle 4184

Valujet 592
TWA 800

Forensic anthropological analyses (age, sex, All cases
stature, etc.)

Radiographic comparisons of skeletal Oklahoma City bombing
structures

Positive identification based on biological All cases
criteria

Reconstructing injury and fragmentation Operation Desert Storm
patterns U.S. Air 427

Oklahoma City bombing
Determine reburial criteria based on Hardin Cemetery

remains recovered
From Sledzik. Federal Resources in Mass Disaster Response. CRM No. 10—1996.



� Military treatment facilities can function as
Federal Coordinating Centers as components of
the NDMS.

� All branches of the active component military
have deployable medical units that can help
with surge capacity, logistical support, and
technical support.

� The National Guard has several specialized
units for detection and response to WMD in-
cidents as well as humanitarian and disaster
relief.

RESOURCE

U.S. Air Force Counterproliferation Center. Web site:
http://c21.maxwell.af.mil/frstresp.htm.
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The Armed Forces DNA Identification Laboratory (AFD-
NAIL) is responsible for the DNA identifications of military
fatalities, including those from the Vietnam and K orean
wars. The staff of the AFDNAIL have also been involved in
the identification of victims from se veral recent mass disas-
ters. In addition, both OAFME and the National Museum of
Health and Medicine of fer courses in forensic pathology ,
forensic dentistry, forensic anthropology, and DNA identifi-
cation methods (16). 

The Office of the Armed Forces Medical Examiner and
the National Museum of Health and Medicine ha ve sup-
ported local resources in se veral recent mass disasters, in-
cluding U.S. Air 427, American Eagle 4184, the Oklahoma
City bombing, and TWA 800. Under a mandate to in vesti-
gate all federal and military crashes and deaths, OAFME
staff have identified remains from the crash of Department
of Agriculture Secretary Ron Brown’s plane in Bosnia in
1996 and the downing of two U.S. Army Blackhawk heli-
copters over Iraq in 1994. National Museum of Health
and Medicine staf f also pro vided technical guidance for
cemetery floods in the to wns of Hardin, Missouri (1993)
and Albany, Georgia (1994) (16).
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PREPAREDNESS CHECKLIST

� Future terrorist attacks may overwhelm civilian
resources. The military may help.

� The Initial National Response Plan contains im-
portant information regarding the use of military
resources.

� NORTHCOM is the military unified command
with responsibility for homeland security.

� Use of federal troops for domestic response is
addressed by Posse Comitatus, which may be
amended by the president or Congress.

� Activation of military assets is controlled by the
assistant secretary of defense for special opera-
tions and low-intensity conflict.

PREPAREDNESS SUMMARY

In light of the recent creation of the Department of
Homeland Security and the new Northern Command,
the role of the military in civilian disaster response is
evolving to deal with emerging threats of terrorism as
well as natural and en vironmental disasters. Future
terrorism incidents may result in mass casualty, mass
fatality, or mass damage to critical infrastructure that
far exceeds the capabilities of ci vil authorities. One
source of assistance may come from the U.S.
military. In addition to clinical resources, the military
can provide specialized analytical and detection
capability for possible WMD scenarios as well as
technical expertise for reco very and in vestigative
operations. The military also brings to the table one
of the lar gest and most rob ust logistical support
capability anywhere in the world. 

http://c21.maxwell.af.mil/frstresp.htm
http://www1.va.gov/
http://www.armymedicine.army
http://content.health.msn.com/content/article/63/71927
http://surgeongeneral.gov/news/
http://www.cdi.org/terrorism/wmdcst.cfm
http://www.defenselink
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INTRODUCTION

The response to terrorism-related e vents by la w enforce-
ment agencies necessitates coordinated medical support.
Emergency physicians f amiliar with the special require-
ments of law enforcement are integral to this coordination. 

Until recently, medical support of police operations w as
limited largely to nonemergent occupational medicine mat-
ters. Similarly, emergency medical services (EMS), like
their fire service colleagues, planned, trained, and re-
sponded to contingencies without preplanned coordination
with law enforcement, frequently gaining access to the
scene only after termination of active police activity (1). 

This past arrangement w as acceptable in a time when
body armor, tactical prowess. and superior numbers were
generally sufficient for the police to safely contain and ter-
minate a potentially violent confrontation. It is not applica-
ble to the current threat of coordinated, near-simultaneous
terrorist attacks with signif icant potential for the use of
weapons of mass destruction (WMD). To accomplish their
expanding missions, law enforcement agencies must no w
coordinate their acti vities with EMS, fire/rescue services,
and specialists in other disciplines including hazardous ma-
terials (hazmat) operations, industrial plant and power gen-
eration operations, and public utilities. 

Special Weapons and Tactics (SWAT) and evidence re-
covery operations conducted by the police in the conte xt of
WMD and hazmat also require personal protecti ve equip-
ment (PPE) and procedures pre viously unfamiliar to most
law enforcement officers.

In addition, the containment and safe conclusion of a
suspected WMD incident in volving potential biological
agents require cooperative efforts between law enforcement
and elements of the medical community not traditionally as-
sociated with police, EMS, or fire/rescue services, such as
public health investigators. 

The threat of large-scale terrorist attacks involving WMD
demands that law enforcement officers adopt new methodolo-
gies in response to nontraditional threats against themselv es
and the public. Medical support of police counterterrorist re-
sponse and of la w enforcement investigations conducted in
proximity to chemical, biological, or radiological contamina-
tion requires communities to de velop interoperability be-
tween law enforcement, emergency medical, fire/rescue, and
special technical agencies. These relationships require the
support and sponsorship of physicians and other health pro-
fessionals familiar with the law enforcement mission.

PREPAREDNESS ESSENTIALS

THE ROLE OF EMERGENCY PHYSICIANS IN
CONTINGENCY PLANNING

Prospective planning requires that emer gency medical per-
sonnel, both EMS and hospital based, be familiar with the
basic principles of personal and operational security utilized
by police organizations and develop and exercise interoper-
ative procedures for pro viding emergency care in the con-
text of a law enforcement contingency. 

TACTICAL EMERGENCY MEDICAL SUPPORT

The direct in volvement of physicians in tactical la w en-
forcement operations is a relati vely new phenomenon. As
recently as 1996, a survey of lar ge metropolitan SW AT
teams in North America demonstrated that 23% did not uti-
lize a protocol for support by EMS, and 78% did not utilize
a physician for medical planning (1). 

The need for specialized medical support of law enforce-
ment has recently been recognized by of ficers responsible

Disclaimer: The views expressed in this article are those of the authors and do not necessarily represent the views of the Federal Bureau of Investigation,
The United States Secret Service, or the United States.



for tactical (SWAT) operations (2). Some la w enforcement
agencies combine tactical with search and rescue or techni-
cal rescue capabilities, and therefore have tactical of ficers
trained and equipped for EMS operations within their spe-
cial operations teams. Man y other communities and juris-
dictions provide technical rescue capability as part of a
broader fire/rescue service, with variable degrees of interac-
tion between EMS and law enforcement (3). Additional law
enforcement specialty teams, such as negotiation units, may
also benefit from medical support intrinsic to la w enforce-
ment (4). Evidence teams must de velop protocols and pro-
cedures for evidence collection in the context of a suspected
or actual release of biohazardous materials. 

APPLYING EXISTING WMD PROCEDURES
TO LAW ENFORCEMENT

Some aspects of the law enforcement counterterrorism mis-
sion have required direct interaction with the medical com-
munity, both to ensure the safety of officers working to con-
tain and control hazards during actual terrorist attacks and
to assist law enforcement investigators tasked to collect evi-
dence and other information necessary to protect the public
from future attack. Existing procedures used by medical and
other non-law enforcement public safety agencies are appli-
cable to WMD counterterrorist contingenc y response and
investigation (5). 

Current public safety doctrine dictates that an y counter-
terrorism contingency response assumes the potential for
involvement of WMD. Police tactical teams must be capa-
ble of containing and potentially engaging terrorists in a
setting of suspected or actual biohazard contamination.
More frequently, investigators must conduct e vidence col-
lection in the context of potential or confirmed contamina-
tion. These incidents may involve preplanned evidence col-
lection, as in the in vestigation of violations of la ws
governing hazardous waste disposal or in response to a ter-
rorist act, as demonstrated in the criminal deplo yment of
anthrax bacillus in Florida, New York, and Washington,
D.C., in 2001. Associated requirements for PPE and plans
for the management of potential exposure of officers due to
breach of PPE require those la w enforcement agencies
without EMS or field medical capability to develop appro-
priate medical support plans.

The Federal Bureau of In vestigation (FBI) has adapted
the training, equipment, and procedures proven in fire serv-
ice and industrial hazmat operations to the problem of e vi-
dence collection in a potential or actual contaminated crime
scene. Requirements for medical monitoring (6), work-rest
cycles, and emergency response within the contaminated
zone are addressed by la w enforcement in a manner con-
sistent with e xisting hazmat re gulations (7) and proce-
dures applied in the f ire service and civilian industry. In-
tegration into and collaboration with the e xisting local
public safety infrastructure is an important part of these
operations, which have served as a model for similar ac-
tivities at various levels of government, both domestically
and internationally.

The introduction of hazmat PPE and procedures to
SWAT operations was initially necessitated in police opera-

tions involving clandestine drug laboratories. As a result of
this institutional experience, the presence of materials rep-
resenting hazards of fire, explosion, and toxic emissions at
a police raid is not entirely ne w to current tactical law en-
forcement officers. With the addition of the counterterror-
ism scenario to SWAT doctrine, a need for medical consul-
tation and support similar to that of con ventional hazmat
teams (8) is increasingly present in la w enforcement 
nationally.

THE ROLE OF EMERGENCY PHYSICIANS 
IN LAW ENFORCEMENT

Emergency medicine physicians experienced in the support
of EMS operations, particularly those of specialized hazmat
teams, are particularly well suited to advise la w enforce-
ment special operations of ficers and evidence response in-
vestigators on appropriate PPE and medical support. As is
the case in consultation with the f ire/rescue community,
those physicians serving in an advisory or medical oversight
capacity must be f amiliar with the unique aspects of these
operations when applied in a law enforcement context.

PHYSICIAN LIABILITY PROTECTION 
AND COMPENSATION

Issues related to compensation and liability protection for
physicians supporting SW AT operations ha ve been ad-
dressed in v arious ways (9). Ev en though relati vely few
physicians are employed directly by law enforcement agen-
cies, as is the case at the FBI, the participation of the emer-
gency medicine and trauma sur gery staff of hospitals and
trauma centers may support la w enforcement and pro vide
medical oversight by means of a contract or memorandum
of understanding (MOU) between the medical institution
and the la w enforcement agenc y. This arrangement of fers
unique training and practice opportunities for hospital-
based medical personnel, while providing for the special-
ized needs of law enforcement (10). 

SECURITY PRECAUTIONS

Operational and individual security measures are integral to
law enforcement operations, including SWAT and evidence
response. Physicians and other medical professionals must
maintain a clear awareness of those aspects of police opera-
tions deemed “law enforcement sensitive.” Such matters in-
volve tactical and in vestigative information, techniques,
procedures, and other operational details that must remain
confidential to retain their ef fectiveness and to ensure the
safety of the of ficers and the public. Physician a wareness
courses serving as an introduction to law enforcement tacti-
cal operations are available (11).

Recent recognition of the potential for cyber intrusion and
attack against critical national infrastructures has identif ied
potential vulnerabilities in emer gency services (12), such as
computer-based public safety dispatch, emergency response,
and interagency contingency planning. Appropriate security
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of information technology supporting the planning and
implementation of community emer gency response must
extend to both the prehospital- and hospital-based compo-
nents of EMS. Systems access, software architecture, and
hardcopy documents related to EMS information systems
should be reviewed for security in coordination with the la w
enforcement and f ire/rescue components of public service
response.

EVIDENCE COLLECTION PROCEDURES

Certain field procedures, including medical activities, may
require modification to ensure the inte grity of the e viden-
tiary process. While the safety of patients and the ef fective-
ness of medical interv entions are of primary importance,
treatment transport and personal protective procedures may
require modification for compatibility with le gal documen-
tation and e vidence collection techniques. These changes
conducted at a contaminated crime scene are analogous to
the modified medical procedures used for physical evidence
collection during medical treatment of crime victims in the
emergency department and operating suite.

The involvement of emergency physicians familiar with
law enforcement operations is crucial in ef fective counter-
terrorist operational planning, within both the la w enforce-
ment and the medical communities. These physicians con-
tribute to prospective planning of police response to WMD
events, ensuring that a medical anne x to tactical operations
provides for an uninterrupted continuum of care for all in-
jured personnel from the site of injury to a definitive care fa-
cility (13,14). They also serve as liaison to hospital staff and
administration, as well as the public health community , to
ensure effective coordination of ef fort in the e vent of a
WMD terrorism contingency.

Recognition of the effectiveness of partnerships between
law enforcement and medical agencies across the spectrum
of local, state, and federal levels is increasing as a result of
the application of multiagenc y activities such as real-time
telephone conferences. The triage of responses to the lar ge
numbers of citizen calls re garding suspicious packages,
powders, and other substances follo wing the 2001 anthrax
releases in the United States pro ved effective in relie ving
the burden placed upon responding public service and pub-
lic health agencies (15). 

THE INCIDENT COMMAND SYSTEM

The incident command system, initially utilized by the f ire
service (16,17) with more recent application to contingen-
cies involving multiple agencies, is increasingly employed
by law enforcement (18). Emergency physician participants
in counterterrorism contingency planning must seek the op-
portunity to include other nontraditional participants in ju-
risdictional incident command planning. The inclusion of
law enforcement and public health in vestigators, represent-
ing local, state, and federal levels is required if WMD dis-
covered at a crime scene are to be met with a prompt and ef-
fective response (20).

SUMMARY

The complexity and potential lethality of la w en-
forcement contingencies in the 21st century demand
a coordinated response by law enforcement; fire/res-
cue, and both f ield and hospital-based emer gency
medical services. Leadership by emer gency physi-
cians familiar with the special requirements of law en-
forcement, other public safety agencies, and hospital
and public health authorities is critical to the effective
management of these incidents, to the safety of the
public, and to the continued security of the United
States.
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INTRODUCTION

By fostering insecurity both within and across geopolitical
boundaries, terrorism represents a signif icant challenge to
the health and safety of the global populace. Although the
risks of physical annihilation at the macro le vel may be
overstated, no person or earthly society is immune from the
psychological trauma of terrorism (1). Teleologically, ter-
rorism is a direct assault on the emotional health and mettle
of society, having as its specific aim the mass dispersion of
panic, fear, and anxiety among the public at lar ge (2,3).
Conventional, chemical, biological, and nuclear terrorism
can kill or maim, but the most profound b urden of all such
human-made disasters to date has been psychological. In-
deed, terrorists seek to shape future e vents through intimi-
dation or coercion of civilians and government. Their recent
success at holding society hostage through the threat of vio-
lence and physical harm to individuals and communities has
lead to a crescendo in terrorist acti vity worldwide (4). It is
therefore increasingly important for emer gency department
clinicians, as well as other treatment providers, to recognize
the psychiatric manifestations of traumatic stress among the
terrorized and respond in a medically appropriate manner.

Terrorism can cause se vere short-term and long-lasting
psychological effects related to perceived threats to life and
liberty (5). The emotional fallout from events occurring in
the United States in the autumn of 2001 highlight this point.
Many months and even years after the coordinated terrorist
attacks in Manhattan and Washington, D.C., the most pow-
erful nation on earth continues to f ind itself enmeshed in a
web of insecurity. Today, a shroud of uncertainty remains,
stifling many aspects of Western life via cognitive and emo-
tional (rather than physical) mechanisms. Similarly, the bio-
logical attack utilizing anthrax ( bacillus anthracis) in the
immediate aftermath of 9/11 resulted in fe w deaths, but the
concern of additional anthrax release haunts the American
psyche to this day . By its v ery nature, terrorism depends
more on its use of human psychology than on its access to
weapons of mass effect for either its success or its failure.
For even in the complete absence of physical bloodshed,ter-
rorism affects all aspects of life including one’ s ego
strength, independence, autonomy, perceived safety, per-
ceived freedom of mo vement, leisure time, daily activities,
religious practices, economic decisions, risk behaviors, and
lifestyle. In short, terrorism targets mental hygiene. Thus it
is mental hygiene that holds the greatest promise of v acci-
nating a population against the emotional trauma of terror ,
and thereby constitutes the central subject of this chapter. 

Special Considerations 
for Terrorist Events

Section 11



PREPAREDNESS ESSENTIALS
AT THE MICRO LEVEL

VICTIM ISSUES

Psychological trauma is defined as psychological injury
caused by extreme emotional and/or physical assault. K ey
elements of psychological trauma include a sense of abject
powerlessness in the face of the terroristic experience and a
related disruption of normal routine for some time thereafter
(6). For most survivors of terrorism, however, there is hope;
fully two thirds of survivors of a terroristic e xperience dis-
play only minimal, normal-range symptomatology that re-
mits within days to weeks of the initial trauma (7,8).

A variety of acute psychobiological response patterns are
regarded as “normal” during and immediately after trau-
matic experience, including (a) cognitive problems such as
confusion, poor concentration, memory lapses, diminished
attentional focus; (b) physical problems such as f atigue, in-
somnia, gastrointestinal problems, muscle tension, height-
ened autonomic activity; (c) emotional problems including
anxiety, depression, guilt, anger, and denial; and (d) behav-
ioral problems including social withdra wal, listlessness,
substance abuse, aggressive behaviors. Among those indi-
viduals terrorized most se verely, a host of trauma-induced
syndromes may manifest either singly or in combination in
the weeks after the event. 

The most widely researched emotional aftershock is
posttraumatic stress disorder (PTSD) and its subclinical
forms involving traumatic stress-related (TSR) symptoms.
Terrorist attacks clearly meet the def inition of a “traumatic
event,” a core requirement for the de velopment of PTSD
(9). This syndrome in volves a specif ic cluster of psy-
chophysiological responses to the e xperience, frequently
characterized by moments of apparent reexperiencing or in-
trusive memories/nightmares of the e vent coupled with at-
tempts to a void stimuli that might elicit these unbidden
memories or dreams for weeks and perhaps e ven months
and years after the critical incident. In full-blo wn PTSD,
these clinical phenomena co-occur with e vidence of sym-
pathetic nervous system hyperarousal such as insomnia, el-
evated startle, hypervigilance, restlessness, irritability, and
concentration difficulties (9).

Based on a re view done by Gidron, the prevalence of
PTSD after terrorist attacks w orldwide is estimated to be
28%. The general public appears to ha ve a considerably
higher prevalence rate than trained security and emer-
gency response professionals (10). Based on e xperience
from the September 11, 2001, terrorist attacks, both the
social distance to the traumatized victim and the temporal
distance to a traumatic e vent were k ey determinants of
who developed PTSD (11). Among direct survivors of the
Oklahoma City bombing, 41% reported seeking profes-
sional mental health treatment within 6 months (12),
whereas only 8.5% of the general Oklahoma City popula-
tion sought help within 3 months. 

Similarly, in the months follo wing September 11, those
with exposure to daily images of the World Trade Center de-
veloped more than double the usual baseline pre valence of

PTSD and major depressive disorder (5), and the prevalence
of PTSD in the New York City metropolitan area where the
attacks took place w as substantially higher than else where
in the country (13). At 6 months after 9/11, over 5% of New
York City residents had continued PTSD symptoms and im-
paired functioning (14). Other longitudinal studies suggest
that 33% to 50% of indi viduals affected initially go on to
develop chronic stress symptoms (7,8), and subclinical lev-
els of hostility , anxiety, depression, paranoid ideation,
hypochondria, and phobias may continue for years after an
encounter with terrorism (15). 

Beyond PTSD, individuals directly e xposed to a trau-
matic event are also at increased risk for de veloping other
psychiatric disorders, somatic symptoms, and physical ill-
ness. Trauma-induced depression is a second, albeit poorly-
understood, syndrome that is e ven more widely endorsed
than PTSD symptoms after traumatic experience. Clinicians
have observed that depressive syndromes brought on by ex-
periences of terror and horror often de velop into major de-
pressive disorder, even among victims with pre vious life-
time mood stability, and it may tak e years to remit or treat
successfully. 

Finally, panic attacks, panic disorder, increased alcohol
or substance ab use, and/or trauma-induced grief are often
part of the posttrauma sequelae. Posttrauma panic symp-
toms are frequently associated with agoraphobia and involve
cognitions related to a loss of a sense of safety . The symp-
toms may or may not be a manifestation of trauma-induced
depression but frequently require psychotherapeutic inter-
vention as well as psychopharmacology to treat success-
fully. Trauma-induced grief processes are inevitably a com-
plicated bereavement and may in volve survivor’s guilt,
outrage and horror, and difficulties in working through the
grief issues because of the presence of hyperarousal, the risk
of inducing flashbacks, and other painful memories and re-
lated symptomatology. 

COURSE OF ILLNESS AND RISK FACTORS

The impact of traumatic e xperience, including exposure to
terrorism, is most severe immediately postevent for both di-
rect and vicarious victims, and, in general, it decreases with
time (5,16). Both demographic and e vent-exposure factors
are associated with adv erse psychological outcomes after
terrorism (7,17,18). The mental health of the Ne w York
City community improved with time after the terrorist at-
tacks of 2001, with the initial 59% of general residents hav-
ing four or more emotional symptoms dropping to 17% at 5
months. Those in their 40s and 50s seemed to have had rel-
atively higher emotional distress than both younger and
older groups (11). Analyses done on surv ey responses by
lower Manhattan residents 30 days after the September 11
bombing of the World Trade Center indicated that those ex-
posed to two or more lifetime traumas and those who were
female were three times as lik ely as males to ha ve been
newly medicated after the attack (14). In addition, those
who experienced a panic attack within hours of the incident
were most likely to have sought psychiatric help within 30
days of the trauma. Related studies ha ve confirmed higher
levels of poste vent PTSD and major depressi ve disorder
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(MDD) for females, those with less education, those who
are single or unmarried, those who have a prior history of
mental health problems or psychological trauma (19), and
those who use alcohol and cigarettes as coping mechanisms
(20) (Table 40-1).

Converging evidence suggests that more than acute
trauma exposure, early anxiety reactions may also serv e as
important predictors of subsequent maladjustment
(14,21,22). Peritrauma dissociation, defined as disruption in
the usually integrated functions of consciousness, memory,
identity or perception of the en vironment, may also be pre-
dictive of subsequent psychiatric dif ficulties. Dissociative
defenses highlight this risk and may include numbing (i.e.,
detachment from e xpected emotional reactions), reduced
awareness of surroundings, memory impairment, deperson-
alization (i.e., a sense that one is seeing oneself from an-
other’s perspective), and derealization (i.e., perception that
one’s environment is unreal, dreamlike, or occurring in a
distorted time frame).

Beyond time and space, the protective factors that insu-
late exposed individuals from later symptom development
are not well understood. In an Israeli study in which the
survey respondents appeared to be functioning unusually
well given the scope of terrorism the y endured, the most
prevalent coping mechanisms were acti ve information
search about loved ones and social support (20). Among
families of kidnapped victims held for ransom in Colom-
bia, the quality of family system was positively correlated
with outcome. Indi viduals from cohesi ve family systems
who showed interest in each other’s concerns and let mem-
bers share feelings presented less PTSD and psychological
distress after kidnapping. In addition, certain patterns of
adapting to terrorism appear to be more constructi ve than
others. Avoiding avoidance, for example, may be healthy
for some indi viduals because, according to Horo witz
(1992), “avoidance blocks the assimilation of the trau-
matic experience leaving it encapsulated in a traumatic
memory that may cause PTSD or other symptoms” at a
later time. 

ASSESSING AND TREATING THE
PSYCHOLOGICAL IMPACT OF TERRORISM
IN THE EMERGENCY DEPARTMENT

Researchers and clinicians alik e now recognize that it is
normal for people to e xperience psychophysiological
changes following terrorism. Ho wever, certain emergency
department (ED) protocols may still be w arranted to treat
the acute manifestations of terror (Table 40-2).

Questioning the Victim about the Event
Recent findings have raised serious questions about the ad-
visability of detailed peritraumatic questioning about the
traumatic experience. Patients are often in a state of height-
ened arousal, and verbalizations and elaboration of a trau-
matic experience at this point can e xacerbate distress; se-
vere peritraumatic distress has been associated with
long-term psychopathology. Some experts go on to specu-
late that arousal-inducing peritraumatic questioning may
actually result in pathological consolidation of long-term
memories into neural patterns leading to long-term adverse
effects. 

In response to these concerns, the Academy of Cognitive
Therapy released a position paper after the September 11
tragedy recommending that, in the initial weeks after a
trauma, those people who seek acute care for psychological
harm be offered only “psychological first aid”:

The goal of psychological first aid is facilitation of
normal emotional processing of the traumatic event(s).
Helpers are advised not to include psychological tech-
niques at this early phase but instead to (1) assess and
provide for immediate physical needs (e.g., injury
treatment, food and water), (2) ensure the person’s
physical safety (e.g., arrange safe shelter if necessary),
(3) offer practical help (e.g., arrange childcare alter-
natives for a parent who is overwhelmed, protect from
media intrusions, etc.), (4) make sure the traumatized
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TABLE 40-1 Incidence of Traumatic Stress Response Symptoms by Type of Trauma Exposure

TRAUMA- 
ASSESSMENT

STUDY N TRAUMA TYPE INTERVAL PTSD/TSR SYMPTOM %

Feinstein (1989) 14 Ambushed soldiers 2–24 days 100%
Patterson et al. (1990) 54 Burn <1 month 30%
Green et al. (1993) 24 Motor vehicle accident 1 month 8%

(MVA)
Rothbaum et al. (1992) 95 Rape <1 month 94%
North et al. (1994) 136 Mass shooting 1 month Men = 20%

Women = 36%
Riggs et al. (1995) 130 Assault <1 month Women = 71%

Men = 50%
Delahanty et al. (1997) 130 MVA 14–21 days Responsible for MVA = 19%

Not responsible for MVA = 29%
Source: Bryant R. Acute stress disorder. 2000. Reprinted by permission.



person makes contact with the people who might be a
normal source of comfort in his or her life (e.g., fam-
ily, friends, spiritual community), (5) facilitate contact
with loved ones (nearby and far away), (6) educate
patients about the normality of a variety of peri-
trauma responses, (7) support real life task decisions
(what can you continue to do? what needs to be de-
layed? Help the individual prioritize life tasks that
need attention).

Any discussion of the trauma in the initial weeks
should include only what the individual wants to talk
about [23] and are advised not to encourage the per-
son to retell the trauma story again and again in the
belief that this will help prevent PTSD. In fact, such
retelling . . . in the early weeks following a trauma
may encourage unhelpful rumination, linked to risk
for persistent PTSD. Also [24], should be careful not
to overwhelm the person with information.

SUMMARY OF MENTAL HEALTH 
ISSUES FOR VICTIMS

In general, patients who experience a natural reco very from
trauma are likely to appraise their peritraumatic responses as
normal reactions to an abnormal event and to believe they are
strong enough to cope (25). Reco very is hastened with 
resumption of normal routine and deliberate ef forts not to

avoid reminders of the trauma. In contrast, some patients who
go on to experience persistent PTSD view their trauma symp-
toms as evidence of permanent, negative emotional damage
that will not be o vercome. Many experts believe persistent
PTSD is maintained by e xcessive avoidance (of trauma re-
minders), rumination (viewing images over and over and can-
nibalizing all news media), and excessive safety-seeking be-
haviors (staying home, hypervigilance to danger). Ho wever,
one size does not fit all. In the wake of a terrorist experience,
it is not always possible to normalize daily routine and gener-
alize emotional responses. Thus the physician treating these 
victims must be versatile and ready to respond with situation-
specific, person-specific interventions that are compassionate
and appropriate to the circumstance.

PREPAREDNESS ESSENTIALS
AT THE MESO LEVEL

PROVIDER ISSUES

Health care workers and emergency response personnel may
become both direct and collateral casualties in lar ge-scale
disasters or mass casualty e vents. These events are some-
times called critical incidents and include the e xamples
found in Table 40-3.
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TABLE 40-2 Treatment of Emergency Manifestations of Psychiatric Symptoms
Commonly Associated with Traumatic Victimization

SYNDROME EMERGENCY MANIFESTATION TREATMENT ISSUES

Posttraumatic Panic, terror, suicidal Reassurance; encouragement of return to 
stress disorder ideation, flashbacks responsibilities; avoid hospitalization if possible to pre-

vent chronic invalidism; monitor suicidal ideation
Trauma-induced Suicidal ideation or attempts; Assessment of danger to self; hospitalization if

depression self-neglect; substance abuse necessary; nonpsychiatric causes of depression must be
evaluated individually

Trauma-induced Panic, terror; acute onset Must differentiate from other anxiety-producing 
panic disorders, both medical and psychiatric; ECG to rule out

mitral valve prolapse; propranolol (10 to 30 mg); alprax-
olam (0.25 to 2.0 mg); long-term management may in-
clude an antidepressant 

Bereavement Guilt feelings, irritability; Must be differentiated from major depressive
insomnia; somatic disorder; antidepressants not indicated; 
complaints benzodiazepines for sleep; encouragement of ventilation

Brief psychotic Emotional turmoil, extreme Hospitalization often necessary; low dosage of 
reactions lability; acutely impaired antipsychotics may be necessary but often 

reality testing after obvious resolves spontaneously
psychosocial stress

Insomnia Depression and irritability; Hypnotics only in short term; (e.g., triazolam 
early morning agitation, [Halcion], 0.25 to 0.5 mg, at bedtime); treat any
frightening dreams; fatigue underlying mental disorder; rules of sleep 

hygiene
Increased alcohol Intoxication at the time of Referrals as warranted; education about the 

and substance presentation for services need to develop alternative coping techniques
abuse

From Kaplan and Sadock, Synopsis of psychiatry, Copyright 2000, Lippincott & Williams. With permission. 



Exposure of emergency health care workers (EHCWs) to
extraordinary collateral trauma e vokes what is kno wn as
critical incident stress (CIS). Others have referred to CIS as
traumatic stress, combat fatigue, and rapid-onset burnout, to
name a few. For EHCWs, CIS can be operationalized as an
unusually strong emotional, behavioral, psychological, or
physiological reaction of an emergency worker who is con-
fronted with an acute traumatic event outside the usual
human experience. Emergency personnel are susceptible to
CIS when exposed to unexpected mission failure, excessive
human suffering, unusual sights, smells, and sounds, or per-
sonal threats to life and limb. Such stress can interfere with
the worker’s ability to cope and function on scene or later ,
both at work and at home.

Several factors make trigger stressors more psychologi-
cally troubling to health care w orkers than others, including
young victim age, overidentification with the bereft, longer
exposure, enhanced perception of gravity, and the intensity of
the exposure. In addition to disasters that are natural or hu-
manmade, critical incidents such as homicide or suicide that
involve one’s own family, friends, or coworkers are particu-
larly high risk. High-publicity crimes and disasters that are
magnified via the ubiquitous media can also amplify the
likelihood of an e vent causing critical stress. Colleagues
who are injured or killed in the line of duty are an arche-
typal cause of CIS and should routinely induce a critical in-
cident stress management (CISM) response.

IMPACT OF PSYCHOLOGICAL
STRESS ON EHCWs

Critical incidents cause a variety of reactions, depending on
the substrate on which the stress occurs. Typically, individ-
uals first try at once to react and den y the event. A well-
seasoned emergency worker may ef fectively turn of f any
measured consideration of the trauma in order to function
calmly and professionally. Many such responses are decid-
edly Pavlovian, learned distancing through drilling and
repetitive simulation o ver time. Ev entually, however, the
automatic response must gi ve way to a more human re-
sponse. Ideally, this occurs after the job at hand is over. Se-
rious stressors can cause PTSD-like intrusive thoughts and
arousal and thereby overwhelm a worker’s capacity for de-
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TABLE 40-3 Examples of Critical Incidents

• Hostage or siege situations
• Direct exposure situations
• Aggravated assaults
• Robbery
• Sudden or unexpected death

Murder, suicide, or attempted suicide
Vehicle accidents
Serious injuries or fatality

• Discharge of firearms
• Death of a peer or coworker 
• Death of a child
• Events involving mass casualties 
• Disasters with prolonged intense media coverage

nial and his or her v aliant attempts to k eep emotions at a
distance. The breadth of possible responses is as unpre-
dictable as the casualties themselv es who present to EMS
or hospitals during and after a major terrorist e vent. An in-
dividual’s antecedent ego strength, mental hygiene, coping
skills, social support, life experience, resilience, diet, and
physical fitness can all influence the response to CIS.

STRESS REACTIONS 

The signs and symptoms of a stress reaction in a health care
worker can include physical, emotional, cognitive, and be-
havioral components as listed in Table 40-3. Physical mani-
festations may include palpitations, dyspepsia, diarrhea,
breathlessness, headaches, chills, sweats, fatigue, dizziness,
cramps, and chest pain, to name but a few. Emotional re-
sponses to stress include heightened anxiety , fear, panic,
grief, denial, depression, and guilt. Cogniti ve impairment
may manifest as decreased memory , disorientation, hyper-
vigilance, nightmares, intrusive images, and diminished
problem-solving skills. Critical stress may also be manifest
by withdrawal, avoidance, blaming, restlessness, outbursts,
and changes in appetite, hygiene, sleep, and sexual behav-
ior. CIS can also usher in feelings of spiritual emptiness,
hopelessness, anger toward God, despondency, and over-
whelming negativity (Table 40-4).

MEMORY AND PERCEPTION

All senses can help encode traumatic memory , but none is
stronger than smell. No emer gency worker can den y the
memory of alcohol on the breath of a trauma victim or the
smell of blood on the floor of an ED. Most rescue multitask-
ing proceeds uninterrupted, but memory can be stored and
reactivated at a later time if the stimulus is unusual, unex-
pected, or grossly o verwhelming. Memories can be trig-
gered or linked to perceived stimuli in w ays that are both
primitive and comple x, resulting in beha vior and emotion
that can be unpredictable, even for an e xperienced worker.
Human thought often focuses more on the story and mean-
ing of what has happened than on more impersonal, objec-
tive, or existential versions of what happened. Workers
should be empowered to interpret the f acts without a lot of
excess story or added meaning in order to minimize the neg-
ative fallout of a critical stress.

It is important to distinguish that CIS in volves unusual
stress not unusual people. Within 24 hours of a CIS e vent,
over 85% of emer gency personnel experience stress reac-
tions. Thus it is normati ve. Although it may be assumed
that maladjusted w orkers who are dysfunctional before a
critical event can exacerbate this dysfunction in the after-
math of disaster, it must also be understood that the prepon-
derance of normal, functional workers may display a wide
range of responses to an abnormally stressful e vent and
such responses are in f act entirely normal, under the cir-
cumstances.

Coping skills can predetermine ho w a CIS is percei ved
and handled. Acute coping in volves both threat appraisal
and execution of a response to the threat. An individual’s
own sense of self-efficacy in being able to cope will inform
the coping response. When faced with a stressor, personality



gency service personnel with peers and mental health pro-
fessionals who are cross-trained in each other’ s discipline.
The goals of CISM are to minimize the impact and long-
term effects of traumatic stress and enhance reco very from
CIS. It achieves these goals through debriefing within 24 to
72 hours of the event. During the debriefing, individuals in-
volved in the critical incident meet with a team of peer
counselors and mental health professionals to disab use
themselves of myths around the incident and to recognize
that the threat and the attendant need to react ha ve both
passed. The purpose of CISM is summarized in Table 40-5.

There are currently more than 350 CISM teams in the
United States, and over 400 worldwide, but all function as
emotional first aid for e xposed workers. For very large
disaster events, the CISM team may recommend demobi-
lization for psychological purposes into a central unit for
decompression. This is usually coupled with an education
and nutrition break, avoiding the use of junk food, caf-
feine, and alcohol.
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characteristics such as anxiety, anger, and depersonalization
contribute to affective flight, fight, or freeze responses, re-
spectively. Fatigue, frustration, helplessness, and personal
risk can all threaten the ability to cope with a critical e vent.
Sublimation, denial, and diversion may all have a role. Im-
pulsive overreacting, avoidance, and acting out are counter-
productive. Having support groups in place ahead of time is
often the best prevention for posttraumatic stress. Planning
a response to CIS in the aftermath of terrorism is also im-
portant and is discussed later.

CRITICAL INCIDENT STRESS
MANAGEMENT (CISM)

Treatment for CIS
CISM seeks to modulate CIS before its effects are firmly es-
tablished. The process requires the collaboration of emer-

TABLE 40-4 Possible Manifestations of Critical Incident Stress

PHYSICAL EFFECTS

• Nausea (upset stomach)
• Tremor (hands, lips)
• Feeling uncoordinated
• Profuse sweating
• Chills
• Dizziness
• Diarrhea
• Chest pains, rapid heartbeat
• Increased blood pressure

COGNITIVE EFFECTS

• Slowed thinking
• Confusion
• Disorientation
• Memory problems
• Seeing event over and over
• Distressing dreams

BEHAVIORAL EFFECTS

• Substance abuse
• Excessive checking and securing
• Angry outbursts
• Social withdrawal
• Marked changes in behavior
• Increased or decreased appetite

EMOTIONAL EFFECTS

• Fear
• Guilt
• Grief
• Depression
• Feeling abandoned
• Worry about others
• Despondency
• Shock/numbing



When acute stressors or risk are great, CISM may involve
early defusing, a special form of debriefing for those most at
risk of CIS who cannot wait for group debriefing. This indi-
vidualized, abbreviated form of CISM is more resource in-
tensive; thus it operates in a more limited scope for those few
individuals who are decompensating or at particularly high
risk of doing so. During defusing, workers are educated
about stress reactions and empo wered with relaxation tech-
niques and encouraged to v ent their feelings rapidly, which
aids in the more rapid processing and assimilation of experi-
ences and emotions. This critical incident stress defusion
may require pharmacological therapy or even hospitalization
in some circumstances. It may be follo wed up with later de-
briefing under closely supervised conditions with a licensed
therapist, psychologist, or psychiatrist.

Within days after an e vent, more formal critical incident
stress debriefing (CISD) may tak e place in order to allo w
those involved with an incident to process the e vent and re-
flect on its impact (26). The purpose of CISD is to accelerate
normal recovery, for normal people, having normal and nec-
essary reactions to abnormal e vents (27). Earlier is usually
better, but CISD may be useful e ven weeks after an e vent
(28). It is generally held o ver 2 to 4 hours in one location
without breaks within the f irst 1 to 2 days after an incident.
The intensity of the process takes workers through the cogni-
tive realm to the emotional realm and then back to the cogni-
tive in order to speed reco very from a critical incident. It al-
lows participants to normalize their experience and to become
educated in stress management and healthy coping tech-
niques.

Operationally, the debriefing room should ha ve a circle
of chairs and tw o peer counselors that should include one
mental health professional and/or possibly a member of the
clergy or similar support staf f. Not just an yone can lead a
debriefing, and certain skills, clinical characteristics, and
general rules of engagement come into play when conduct-
ing a mini-debrief ing (Table 40-6). CISD is conducted in
seven phases, as described in Table 40-7.

CISD CAVEATS

Despite many anecdotal successes and its widespread use
for the last 50 years, CISD has fe w rigorously controlled

studies to recommend it. As length of time between e xpo-
sure to the e vent and CISD are increased, CISD becomes
less effective (29). Debrief ing should only be used to ad-
dress a limited aspect of victims’ disaster experience and to
educate participants about other critical f actors affecting
their stress response as well as to make referrals to other re-
sources if necessary. Because the purpose of CISD is to ac-
celerate normal recovery for normal people ha ving normal
reactions to abnormal events, the pathway for unstable per-
sons or those already impaired w ould be decidedly dif fer-
ent. Studies suggest that those in need of additional assis-
tance may benef it from ongoing groups rather than a one
time meeting (30).

An optimal debrief ing should include e veryone in-
volved in the incident: nurses, EMS workers, fire, police,
and other rescue professionals. In some cases it may be ap-
propriate to include spouses because they are the ones left
to pick up the pieces after their partner is e xposed to CIS.
Some people are scared by their o wn physical and emo-
tional reactions, and those who are unusually quiet or
leave early may not be handling it as well as the y want to
believe. It is very important to let them know that whatever
they are experiencing is a natural reaction. CISD may pro-
vide some immediate opportunities for victims to talk with
one another, but it is unlik ely to be an ef fective treatment
for complex, ongoing, or persistent problems that are the
result of the disaster itself, predisaster vulnerabilities, or
the variety of social conditions that surround a disaster’ s
aftermath (28). 

Knowledge of crisis intervention and grief management is
essential for those doing the debrief ing. The process must not
be confused with critique, and the atmosphere must be com-
pletely unthreatening to personnel. No one should be criticized
before they are emotionally debriefed, and sessions should not
end until all the grief and pain is out. Critical, insensitive, or
gallows humor should not be tolerated because this will
squelch expression of any feelings. It is also important not to
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TABLE 40-5 Purpose of CISM = Prophylaxis
and Treatment

• Provide professionally guided review of impact of the 
incident on the person’s life

• Enable ventilation of emotions
• Provide reassurance and support
• Educate about trauma reactions
• Advise on symptom management
• Minimize the potential for the development of psycho-

logical problems
• Assist the person to return to normal levels of 

functioning
• Identify individuals who may need additional counseling

TABLE 40-6 Skills to Lead a Mini-Debriefing

• Good interpersonal skills
• Knowledge of crisis intervention

Knowledge that CIS is a real and a normal reaction to
acute trauma

• Comfortable with self emotional expression
• Be seen as an ally

Debriefers should be at peer level
Role as a supportive friend, not as a boss; validate
what is shared

• Never criticize before emotionally debriefed
• Do not assume participants’ feelings
• Everyone participates at least once in debriefing
• Stop criticism

Do not permit tough or insensitive comments
• Watch for nonparticipants

Especially one who appears visibly shaken
• Do not stop until all grief and pain are out
• Be sincere and be your best



PREPAREDNESS ESSENTIALS
AT THE POPULATION (MACRO) LEVEL

In the aftermath of terrorist attacks, there may be substan-
tial psychological morbidity in the population (5). These
effects seem to be far reaching and worldwide because the
planet has shrunk and events in one nation can more easily
influence behavior in another. One example of these global
effects are evidenced by the events of September 11, 2001,
appearing to have had a brief, but significant inverse effect
on the suicide rate in England and Wales. This transat-
lantic impact w as thought to be related to the e xternal
threat of terrorism creating social cohesion among this
group of people (31). 

INDIRECT EXPOSURE
AND MEDIA TOXICITY

For the population at large, most exposure to a terrorist event
will be indirect. Geographical proximity to a catastrophic
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TABLE 40-7 CISD Phases for Debriefing Groups

INTRODUCTION

• Establish agreements, confidentiality, rules, and roles 

FACT PHASE

• Who was aware first?
• What was person’s role in situation?
• Location when incident occurred
• Focus on event’s facts and description; allow pieces to fall

into place chronologically
• Watch for cognitive and emotional reactions

THOUGHTS PHASE

• “When did you realize this was a bad event?”

FEELING PHASE

• Encourage emotional reactions: “How did you react?” or
“What was the worst thing about this event for you?”

• People discuss fears, anxieties, concerns, feelings of guilt,
frustration, anger, and ambivalence

• Pay special attention to those who are withdrawn,
overquiet, or leave early

• Allow all feeling to be expressed
• Emotional expression: first step in learning to deal 
• Revisit feelings initially expressed

SYMPTOM PHASE

• What did you notice about yourself immediately after the
event?

• What are participants experiencing now (anger, guilt, in-
somnia)?

• How has your life changed? (activities, hobbies, intrusive
thoughts)

TEACHING PHASE

• Abnormal reactions are normal reactions to abnormal 
situations

• Assess work situation; do you need time off?
• Watch for fixation on the incident and avert finding 

excuses for the tragedy
• Take distance and allow time to pass
• Expect the incident to bother you and others
• Learn about what you are going through
• Set realistic long-term expectations for recovery
• Teach how to get additional help if necessary
• Importance of reassurance
• Keep usual routines and structure
• Eat well, exercise, and avoid use of alcohol, drugs, and

junk food to cope
• Do not isolate yourself from friends, family, or 

coworkers
• Prevent yourself from becoming obsessed with the 

incident
• Avoid making life-changing decisions

REENTRY PHASE

• What is the next step? “Where do we go from here?”
• Is another debriefing needed?

POSTDEBRIEFING

• Always debrief the debriefers
• Discuss organizational issues discovered
• Review entire process: start with positives, what worked,

what didn’t work
• Allow participants to process reactions
• Assign follow-up activities 

assume how participants are feeling and to let e veryone
have an opportunity to e xpress themselves. Reluctant
participants who are visibly shak en often demand e xtra
attention in a more private setting. 

In summary, CISM works by enabling individuals
to vent their reactions rapidly , which, in turn, pro-
motes more rapid processing of e xperiences and re-
sultant emotions from CIS. Stress, improperly man-
aged, can shorten the career or life of a provider, and
it is an occupational hazard of emer gency response
personnel. Although controversy still surrounds the
impact of CISM, it remains the current standard of
care for CIS and stands as an important immuniza-
tion against the ef fects of severe stress, PTSD, and
professional burnout. From the ashes of terrorism,
such immunized pro viders may emer ge wiser and
emotionally stronger. They are better able to cope
with the everyday stresses of their calling. It is fre-
quently a turning point where, beyond the crucible of
terror, they reevaluate the meaning and the v alue of
life and appreciate the little things the y had often
overlooked.



event is k ey, but the psychological or mental proximity is
also an important factor in determining the stress-related im-
pacts to psychosocial functioning and to symptoms of PTSD
(19). Even those not directly in volved or physically injured
by a terrorist act or percei ved threat can e xhibit signs and
symptoms of PTSD and emotional distress (32,33). Diagnos-
tic classifications of acute stress and posttraumatic disorder
affirm that people can be mark edly affected by witnessing a
trauma or through the indirect impact of a trauma happening
to others. 

Indirect exposure would also include all forms of media,
such as radio, newspapers, the Internet, and particularly tele-
vision. Recent work suggests that vicarious vicitimization can
and does occur e ven through the medium of tele vision (34)
and appears more likely in the presence of repeated exposure
to disturbing images and other trauma-related conditions
(35). The terrorist attacks of September 11, 2001, were able
to incite widespread despondency and fear through the use of
the media. PTSD symptoms ha ve been reported in children
who have watched television coverage related to horror films,
war, industrial disasters, and terrorist bombings. Television
can be a source of unnecessary secondary e xposure to trau-
matic details (36). A study of the Oklahoma City bombing
concluded that bomb-related tele vision exposure to middle
and high school students was a primary predictor of elevated
PTSD scores and also played a role in sustaining these symp-
toms (1). Because exposure to terrorism via media immersion
can lead to signif icant symptoms of PTSD, such exposure
must be limited, especially for children (37,38). 

Research suggests that the media may be a common trig-
ger of suppressed traumatic memories, reactivation of PTSD
in veterans, and a cause of immediate physiological arousal.
This is particularly true among vulnerable adults who have a
history of past critical incident e xposure (35). It has also
been shown that particular images may be more disturbing
to people and contribute more to postdisaster psychopathol-
ogy than others. The viewing of images of people jumping
and falling from the World Trade Center correlated strongly
with PTSD symptoms and depression more so than other
images (35). After the terrorist attacks on the WTC, several
experts have reaffirmed the negative effects of television ex-
posure leading to psychological dysfunction (39). In both
children and adults there w as a statistically signif icant cor-
relation between hours of tele vision watched and the num-
ber and magnitude of signif icant stress symptoms. The no-
tion that repeated vie wing of disturbing images might
correlate with psychopathology is unsurprising gi ven the
voluminous research on the deleterious ef fects of television
violence on children. Most authorities belie ve repeated
viewing of disturbing images can ha ve lasting negative ef-
fects on children (40).

HARNESSING THE POWER
OF THE MEDIA FOR GOOD

Because it is through the use of modern media that terror-
ists depend to maximize their ne gative impact on the psy-
che, the media must be properly managed to optimize soci-
etal outcome. Ideally , the media must inform the public

with discretion and restraint. The media will usually
oblige if treated with respect, recognizing that like other
rescue workers, they serve an important and complemen-
tary role in disaster work and recovery. Mental health offi-
cials and community leaders should warn the public of the
emotional and mental health hazards of intensi ve disaster
exposure via the news media (35). Contacts with the news
media, for example, need to be coordinated early , and
rules, guidelines, and policies need to be f irmly estab-
lished in advance. Webmasters and other media personnel
must be educated to understand that ne ws coverage of ter-
rorist attacks can contrib ute to PTSD symptoms (37). A
policy of full disclosure about truth in reporting and what
information is relevant to public safety and which is sensa-
tionalistic muckraking must be discussed a priori. Being
prepared both decreases the worry that precedes crisis and
the turmoil that follo ws. Speculation must be a voided.
Detailed accounting of what is being done to counter an y
terrorist threat needs to be relayed to the public. Recom-
mendations for specific steps that the public needs to tak e
to protect themselves must also be expressed. Compliance
with all standard privacy policies should be established be-
cause invasions of privacy can exacerbate the psychological
stress of victims (41). Speculation, tabloid hearsay, and other
rumors that commonly f ill the information gaps in times of
crisis can be destructive to global mental hygiene and must
be avoided (42,43). 

COMMUNITY APPROACHES
TO MENTAL HEALTH 

A recurring lesson in an y effective trauma and disaster re-
sponse is that all interv ention needs to be based on an un-
derstanding of and respect for local culture. A systematic as-
sessment of trauma and loss e xposure as well as current
levels of distress experienced by individuals throughout the
affected community is also important. Understanding the
vulnerabilities of subpopulations such as children and the
elderly and gaining an appreciation of the range and severity
of posttraumatic stresses, secondary adversities, and trauma
reminders that exert a lasting impact on the community is
also useful (36). It is important to conduct risk assessment
early and reach as man y affected people as possible, espe-
cially those who report high-intensity or repeated e xposure,
display a heightened fear response, report peritraumatic dis-
sociation, or those reluctant to seek professional help (4).
Broad-scale outreach programs should be implemented no
later than 1 to 3 months after a disaster (2). General guide-
lines and recommendations for interv ention by mental
health professionals in disastrous e vents can be found in
Table 40-8 (2).

Getting back to e veryday routines is v ery helpful to
posttraumatic recovery (44). Rest, respite, sleep, food, and
water are the primary tools of early and successful inter-
vention. To cope with terrorism, anxious individuals
should continue normal e veryday activities to maintain
balance in their lives. Familiar environments decrease anx-
iety and help anchor emotion. In crisis, the therapeutic
value of family and friends cannot be o verestimated (45).
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Other stress-reducing activities should be added, such as
regular exercise, social outings, family support, spiritual
services, yoga, breathing exercises, or other forms of re-
laxation therapy. Community members should be told to
trust their instincts about suspicious people or things b ut
not to become paranoid. They should also try to control
what they can by taking steps to ensure the y feel safe in
their homes and community . Although mass panic is un-
likely, individuals should avoid overreacting to or becom-
ing obsessed with perceived threats of terrorism. Thoughts
of hatred, revenge, racist stereotyping, and xenophobia
that commonly arise can become crippling and should be
resisted (44). It should be recommended that people stay
informed but tune out the constant ne ws coverage. With
the passage of time, there should be fewer cases of PTSD
and related stress reactions. Unfortunately , the intense
media coverage surrounding the anniversary of terrorist at-
tacks can reawaken traumatic memories and even result in
new-onset PTSD and MDD in susceptible groups of citi-
zens (39). Safe ways of information acquisition should be
recommended to the community such as radio listening

and periodical reading where the ingestion of information
may be more readily titrated. Primary and secondary pre-
vention through education and restraint by both the media
and the general public can help safe guard mental health
from future terrorist events.

There are important roles for media personnel, teachers,
parents, religious leaders, and clinicians to assist emotion-
ally as many survivors as possible. Teachers and religious,
business, and civic leaders need to be vigilant for those who
show signs of social withdrawal and dangerous coping after
such traumatic events. Clinging behavior in older children
suggests regression and has been reported in children with
PTSD symptoms (37). Schools ha ve been shown to consti-
tute an effective and cost-efficient setting in which to pro-
vide postdisaster or postw ar mental health assistance to
children and their families and should be considered for this
purpose (36). 

In order to signal security , promote public health, and
foster resiliency within an af fected population, coordinated
community initiatives should be used to pro vide specific
public health updates, provide suggestions and direction for
self-care, as well as educate the populace on when and ho w
to seek institutional care (45). City and local go vernment,
hospital officials, public health of ficials, and key commu-
nity contacts chosen in advance may coordinate such initia-
tives through schools, faith communities, businesses, web
sites, e-mail broadcasting, telephone hotlines, television,
radio, and print updates, electronic town meetings, telemed-
icine, hospitals, and designated mental health clinics (45).
Not only will these outlets be useful in dispelling rumors,
but they will also offer a sense of community cohesion that
has been shown to be helpful, even when direct contact is
contraindicated (31). When prepared to f ace crisis with
strong leadership, solid information, preestablished support
networks, and a f amiliar stable environment, the public is
best able to handle the uncertainty and chaos surrounding
the threat of terrorism. 

RESOURCES

The many resources for dealing with the psychological ef-
fects of terrorism offer up-to-date information as well as di-
rections on how to obtain further assistance. Listed here are
some of the recommended places to obtain more informa-
tion related to terrorism and its psychological effects.

1. Coping with Terrorism. Web site:
http://www.helping.apa.org/daily/terrorism.html. American
Psychological Association: Helpful resource with fact
sheets describing psychological consequences of terrorist
attack and ways of coping with stress induced by it.

2. Tips for Talking About Disaster. Web site:
http://www.mentalhealth.org/cmhs/emergencyservices/
after.asp. The Center for Mental Health Services: Guide-
lines for teachers, parents, and service providers on how
to help children, adolescents, families, and adults cope
with stress after terrorist events.

3. Family Physicians Respond. Web site:
http://www.aafp.org/x7472.xml. American Academy of
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TABLE 40-8 AREST Principles of Systemic
Intervention by Mental Health
Professionals in Disastrous Events

ANTICIPATE

• Provide an integrated vision
• Foresee different scenarios and develop contingency

plans
• Train professionals and paraprofessionals
• Allocate human and economic resources
• Create treatment protocols
• Develop local, national, and international networks
• Facilitate collaboration among agencies 
• Gain sponsorship and legitimacy

REDIFFERENTIATE

• Identity extent of social loss in terms of institutional role
dysfunction

• Plan role redifferentiation within and between systems
• Initiate interdisciplinary teams

EMPOWER

• Debrief, educate, empower social agents in related fields
that are in direct contact with survivors

• Help these agents adapt and restore original roles
• Delegate therapeutic responsibilities to these agents

SUPERVISE AND ASSESS

• Define boundaries and provide knowledge, expertise,
and support to therapeutic agents

• Assess program deployment and needs by feedback

TREAT AND FOLLOW UP

• Focus on individual and family rehabilitation
• Consider delayed responses and deal with tertiary disaster 
From Laor N, et al. With permission. (2)

http://www.helping.apa.org/daily/terrorism.html
http://www.mentalhealth.org/cmhs/emergencyservices/
http://www.aafp.org/x7472.xml


Family Physicians: Information to help children and par-
ents cope with terrorism and the effects of PTSD.

4. Resources for Coping with Terrorism. Web site:
http://www.icn.ch/terrorism.htm. International Council
of Nurses: Provides information and manuals for assist-
ing in coping and proving care in the aftermath of a ter-
rorist attack. 

5. Disaster Mental Health Institute. Web site:
http://www.usd.edu/dmhi/Pubs/availability.html. Univer-
sity of South Dakota: Contains short booklets on coping
with disaster that can be printed from the web site.

6. Disaster Handouts and Links. Web site:
http://www.trauma-pages.com/pg5.htm. David Baldwin’s
Trauma Information: A cache of 14 disaster handouts at
this site are categorized into material for adult victims,
families and child victims, and disaster workers and their
families.

7. Publications dealing with Psychology and Terrorism.
Web site: http://www.ncdpt.org/publications.htm. The
National Center on Disaster Psychology and Terrorism:
Listing of multiple publications that deal with the psy-
chological effects of terrorism and disasters.

8. International Critical Incident Stress Foundation, Inc. Web
site: http://www.icisf.org/. International Critical Incident
Stress Foundation: Resource for information and educa-
tion associated with critical incident stress debriefing.
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INTRODUCTION

Terrorism—a planned, often politically moti vated event
designed to kill many innocent victims and inflict physical
pain, psychological suffering, and fear on an entire com-
munity—is new to our Western culture, but not to children
worldwide. Terrorism, violence, and disaster ha ve 
involved children in the form of naturally occurring
events; transportation accidents; e xposure to w ar; social,
ethnic and religious conflict; and as collateral damage in
adult mass casualty incidents. Throughout childhood and
adolescence, children are physically less capable and emo-
tionally more vulnerable to the ef fects of terrorism. This
fact may make children likely primary targets for terrorism
in the future. 

Children are unique from the perspecti ve of their
anatomy, physiology, emotional development, and response
to specific physical and psychological insults. These unique
needs of children ha ve rarely been considered in disaster
planning. Civilian emergency physicians and Emer gency
Medical Services (EMS) systems ha ve learned about mass
casualty incidents through military models, focused on the
needs of adult victims; consequently , they have limited per-
sonal clinical experience with pediatric disaster medicine. A
terrorist attack with predominately pediatric casualties
would have a tremendous and f ar-reaching impact on all
child survivors, family members, and the community at
large. All facets of the EMS system must be a ware of this 
potential and be prepared to meet the special and di vergent
needs of children in the setting of a chemical, biological,
radiation, or explosive event that involves large numbers of
children. A paradigm shift that deals with unaddressed issues
of treatment, equipment, triage, and training is a critical step
in preparing to address the needs of children in the midst of
terrorism.

PREPAREDNESS ESSENTIALS

DEVELOPMENTAL STAGES: WHAT
CHILDREN UNDERSTAND

Development from infancy through adolescence is a contin-
uous, dynamic process heavily influenced by close personal
experiences and circumstances in the child’ s community. It
is a web of e volving language, behavioral, cognitive, ana-
tomic, and physiologic changes. Ne w skills are achie ved
and build on previous milestones. The child is at the center
of a series of concentric circles that represent his en viron-
ment. Closest to him is the f amily, friends, and school. Far-
ther out is his town, city, and so on. Disruption of the en vi-
ronment will affect the child depending on its se verity and
the child’s developmental stage. Severe disruption of several
facets, as seen in natural disasters, war, and terrorism have
serious implications for the well-being and normal develop-
ment of children of all ages.

Major themes of child de velopment include attachment
between the child and caregiver (especially the parent), emo-
tional maturity and self control, the ability to master fearful
and anxiety-provoking situations, and the formation of inde-
pendent relationships with peers. Specif ic tasks or achie ve-
ments toward these goals are accomplished at dif ferent ages
or stages. It is helpful to consider an overview of child devel-
opment broken down into some what artificial categories
based on the goals and accomplishments of each stage (21).

Birth to 18 months of age is a time of physical gro wth
and physiologic change. Infants develop through motor and
sensory exploration of their environment. Rolling over, mid-
line play, transferring objects from hand to hand, crawling,
sitting, and finally walking allow the baby to interact with
the world around them. Attachment to caregivers progresses



from complete dependence to reciprocal relationship. After
6 weeks of age, infants increasingly respond to their en vi-
ronment. They smile, coo, and visually track their caretaker.
Separation anxiety that peaks late in the f irst year and cop-
ing with temporary absences of the caretak er are hallmarks
of the emotional development of this age. Lasting absences
of primary caretakers are associated with nonorganic failure
to thrive and with increased risk of pathology.

Toddlers (18 months to 3 years) are curious, interested,
and active. This is a time of early independence, stubborn-
ness, and negotiating limits. Perceptual constancy becomes
better developed so that children in this age group are better
able to cope with the absence of a parent. Transitional ob-
jects (stuffed animal, favorite blanket) can be used to ease a
toddler through a difficult situation. 

The preschool years (3 to 5 years) be gin a time of lan-
guage maturation, developing social skills, and a sense of
independence. They see themselves separate from b ut still
closely connected to their primary caretak er. Just as motor
development is the hallmark of the toddler , language and
prelogical reasoning occurs in the preschooler . Magical
thinking, an overextension of causality (e.g., My brother got
sick because I did not eat my dinner), and exaggerated fears
and fantasies are features of the way children of this age fig-
ure out their world. Pain is interpreted as punishment. Death
is a temporary, reversal event. Time, in general, is a difficult
concept so that periods of time spent waiting or holding still
may be intolerable. Expressive language lags receptive lan-
guage. Children at this age may understand more than e x-
pected and interpret language literally (e.g., I will draw your
blood). The choice of words in new situations is important.
Explanations of painful procedures should occur immedi-
ately before it happens. Honesty , simple and brief, about
discomfort and capitalizing on the child’ s curiosity by in-
cluding them in the process (holding bandages, touching
equipment) may elicit the preschooler’s cooperation.

School age years (6 to 11 years of age) are a time of mas-
tering complex cognitive tasks, following the rules, and
meeting expectations at home and in school. School be gins
to replace home as a place of central importance with peers,
academics, and sports competing with time spent with par-
ents and siblings. Specific learning disabilities, ADHD, op-
positional deficient disorder (ODD), anxieties, and phobias
may present during this period and may make these children
seem out of synch with peers. School age children under-
stand true causality and the permanent nature of death. In the
medical setting, these children are generally logical and coop-
erative. They should be included in conversations about their
health and encouraged to make choices when appropriate. 

Adolescence is a time of tremendous transition. Puberty
is a time of rapid gro wth and change in the body’ s appear-
ance as these children achie ve adult proportions and repro-
ductive capability. They are capable of abstract thinking and
complex reasoning but many retain egocentric, hypersensi-
tive, or dramatic tendencies. The quest for autonomy is a
source of stress in f amilies. In the medical setting, adoles-
cents deserve full and honest e xplanations. They should be
encouraged to ask questions and participate in discussions and
decisions. Their maturity and privacy should be respected. 

Because they are in the process of leaning about and mas-
tering their world, children are more physically and emotion-
ally vulnerable to the effects of disaster and depravation than

older counterparts. When tragedy strik es a f amily, commu-
nity, or nation, helping children cope and re gain a sense of
safety is of critical importance. In the immediate postdisaster
period, children benefit from rapid reestablishment of order ,
routine, and safety. Children should be encouraged to express
their feelings in constructi ve ways through discussion, play,
or art. Regressive or clingy behaviors, moodiness, poor sleep,
and somatic complaints are normal. Events should be handled
honestly in developmentally appropriate language. Deception
about the well-being and whereabouts of lo ved ones should
be avoided. Children should be shown images of the disaster
so that they have an authentic picture of what happened, but
this should be done in a developmentally appropriate manner
and in an en vironment that permits discussion and under-
standing. Unsupervised or repeated exposure to media, espe-
cially television with displays of graphic images, is harmful.

ANATOMY AND PHYSIOLOGY: 
HOW CHILDREN ARE DIFFERENT

The Pediatric Airway
The airway is the most important dif ference between adult
and pediatric resuscitation and emergency care. Respiratory
failure precedes cardiopulmonary failure or cardiac arrest in
most children. Respiratory failure may result from a primary
respiratory problem (reacti ve airway disease, pneumonia,
upper airway obstruction, and/or infection) or may occur
secondary to a number of causes (inhalation, drowning,
overwhelming sepsis, a toxicologic overdose, or traumatic
insult). Airway management is the most important skill ac-
quired in pediatric resuscitation. In the injured child, oxy-
genation, ventilation, and airway protection are vital. The
approach to the pediatric airw ay must tak e into account
anatomic uniqueness and dif ferent sizes of neonates, in-
fants, and children. 

For all pro viders, basic knowledge of pediatric airw ay
anatomy, head positioning, techniques to open the airway and
remove foreign bodies, and the use of airway adjuncts and ef-
fective bag-valve-mask ventilation are essential skills. Ad-
vanced providers should be proficient in endotracheal intuba-
tion, rapid sequence induction, and surgical methods to
establish an airway. In the setting of trauma, cervical spine im-
mobilization must be maintained during airway management. 

Pediatric Airway Anatomy. Infants have a prominent
occiput that promotes head and neck flexion when the infant
is supine. This often results in functional airway obstruction
in a sick, hypotonic infant as the tongue flops backw ard
onto the posterior pharynx. The first step in airway manage-
ment is to place the patient in a snif fing position, which
brings the tongue forw ard. In addition, the epiglottis is a
large, broad, and floppy structure that partly obscures the
vocal cords. The larynx is cephalad, anterior and cone or
funnel shaped. The narrowest part of the young child’ s air-
way is at the cricoid ring, not vocal cords as in children over
8 years of age. The cricoidthyroid membrane is smaller and
difficult to locate in young patients with a short neck. The
overall caliber of lo wer airway structures is smaller and
shorter. Small degrees of edema, bronchospasm, or excess
mucus production may result in significant obstruction.
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Pediatric Airway Equipment. These anatomic dif fer-
ences, taken in aggregate, explain why the pediatric airway is
highly vulnerable to obstruction and respiratory f ailure. They
also are the reason why different equipment will be required to
resuscitate critically ill and injured pediatric victims. Straight
(Miller) blades should be used to directly lift up the epiglottis
and compress the tongue and submandib ular tissue. Endotra-
cheal tubes are selected by patient size. The common rule of
thumb for children over 2 years of age is 4 + age years/4. F or
example, an average 4 year old would require a 4 + 4/4 or size
5 tube. Uncuffed endotracheal tubes should be used in most
settings in children less than 8 years old since the cricoid ring
provides an anatomic cuf f. Cricoid pressure (Sellick maneu-
ver) is essential to gently push and stabilize the anterior larynx
within view. Narrower airway structures and higher resist-
ances may require higher pressures when v entilation is initi-
ated. Short tracheal lengths (4 to 5 cm in a ne wborn) predis-
pose for tube dislodgement and right mainstem intubation. 

Bag-valve-mask ventilation. Tthe first maneuver used
to provide ventilation and an essential skill for all pediatric
providers is bag-v alve-mask (BVM) v entilation. Correct
equipment and training is needed. Self-inflating bags (manual
resuscitators) are manuf actured in se veral sizes: neonatal
(250 cc, for newborns only), small child (450 cc, up to 5
years), large child (750 cc), and adult (1,000 cc). Correct
size bag is essential in order to deli ver adequate tidal v ol-
ume. The mask must make a tight seal on the patient’s face.
A properly sized mask should co ver the mouth and nose.
The top of the mask should f it in the bridge of the nose and
the bottom, in the cleft of the chin. The mask should be
clear and the rim, soft and compressible. 

The E-C clamp technique describes BMV v entilation by
one provider. The thumb and inde x finger (forming a C)
firmly secure the mask on the patient’ s face with the upper
part of the mask in the bridge of the nose and the lower edge
in the cleft of the chin. The third, fourth, and fifth fingers
(forming an E) grip the mandible. Pressure on the submental
triangle can compress and obstruct the airway. If this is inef-
fective, two people may be required to pro vide BVM venti-
lation. In this case, one person makes a seal with the mask
making an E-C clamp with both hands. The second person
provides ventilation. Ventilation should proceed at age-
appropriate respiratory rates with sufficient time for exhala-
tion. The technique of saying, “squeeze-release-release” is
helpful in a voiding overventilation. Observing chest rise
with bagging is essential to ensure adequate v entilation.
Gentle cricoid pressure may be helpful to reduce gastric in-
sufflation and pre vent regurgitation of gastric materials.
Poor chest rise may result from improperly sized mask
and/or bag, inadequate mask seal or gastric distention. Gastric
dilatation that restricts diaphragmatic e xcursion can mak e
assisted ventilation ineffective. This can be a voided by the
Sellick maneuver and placement of a nasal or oral gastric
tube. Airway adjuncts such as the oral airw ay in an uncon-
scious patient or nasopharyngeal airw ay in the setting of
oral trauma should be considered. 

The American Heart Association (AHA) Pediatric Ad-
vanced Life Support (PALS) guidelines recommend train-
ing in BVM ventilation for all prehospital providers and the
BVM technique as a primary method of v entilatory support,
particularly if transport time is short. In the prehospital setting,

effective BVM ventilation can be mastered through t raining
programs by greater than 90% of students. In a large con-
trolled study of prehospital pediatric airw ay management
in Los Angeles and Orange Counties in California, Gauche
showed that BVM v entilation was as effective as endotra-
cheal intubation in managing the young patient’s airway. 

Endotracheal intubation. Ongoing ventilation is re-
quired in a subset of critically ill or injured patients with
respiratory failure, severely altered mental status, and in-
creased intracranial pressure, to protect the lower airway in
settings following trauma, burns, anaphylaxis, and inhala-
tion. A relative indication for endotracheal intubation is the
requirement of def initive airway control before transport.
Postintubation patients must be monitored with end-tidal
CO2 and pulse oxymetry. 

Assessment of Shock/Blood Volume
The presence of shock or circulatory f ailure in young chil-
dren can be subtle. The recognition of shock relies upon a
systematic evaluation of the end or gans of perfusion rather
than the interpretation of vital signs. Almost all hypoper-
fused young children will be tachycardic and normotensi ve
until end-stage shock and cardiopulmonary f ailure occur.
Hypotension is rare, in children even with significant blood
loss, and ominous. 

Determination of the severity of shock requires an assess-
ment of central nerv ous system perfusion (mental status,
recognition of parents, developmentally appropriate re-
sponse to new environment, response to painful procedures),
the presence and quality of peripheral and central pulses, and
skin perfusion (capillary ref ill, skin color, skin temperature,
presence of mottling). Signs of adequate fluid resuscitation
include improvement in tachycardia, increase in systolic
blood pressure, improved skin perfusion, improvement in
mental status in nonsedated patients, and reestablishment
of urine output at 1 to 2 cc/kg/hr . Failure to improve fol-
lowing fluid resuscitation should prompt immediate surgical
involvement.

Vascular Access
Obtaining vascular access is often the most technically diffi-
cult aspect in pediatric resuscitation. Compensatory mecha-
nisms of tachycardia and peripheral v asoconstriction are
seen in response to hypo volemia. Vasoconstriction is more
pronounced in infants who are exposed to a cold resuscita-
tion environment. Visualizing venous landmarks is often im-
possible. In general, peripheral IVs should be attempted in
anatomically reliable sites lik e the greater saphenous v ein.
In settings where an e xperienced provider and equipment
are available, a central line, usually the femoral, may be the 
appropriate choice. 

However, intraosseous (IO) access will be the most e xpedi-
tious choice in most prehospital and initial resuscitation settings,
especially when multiple victims are present. The AHA PALS
recommendation is that IO access is appropriate in an y age pa-
tient (formerly recommended for children 6 years old and
younger). Initial attempts should be at the tibial plateau distal to
the tibial growth plate. Alternative sites include distal femurs,
anterior iliac crests, and sternum. IO should not be attempted in
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bones where an IO has been pre viously placed and created a
hole in the bone or with fractures. Conf irmation of IO place-
ment includes ability to withdra w bloody fluid from the mar-
row, stability of the IO in the bone, and, most importantly, the
ability to flush IV fluid without inf iltration into the soft tissues.
Any fluid, drug, or blood product necessary to resuscitate a 
patient can be given through an IO. 

Surface Area
The young child has an increased surf ace area/volume ratio
making him more susceptible to insensible fluid and heat
loss. In addition, infants and young children have less insu-
lating fat and muscle mass for shivering and are less able to
generate heat. Exposure to a cool en vironment (outside de-
contamination, undressed during resuscitation, wet clothes
or blankets) or administration of large volumes of IV fluids
may result in hypothermia. The young child’s temperature
should be monitored and maintained throughout e valuation
and resuscitation with inf ant warmers, overhead lamps,
warm blankets, and warmed IV fluid. 

Additional Considerations 
in Pediatric Trauma
Head injury is the leading cause of morbidity and mortality in
pediatric trauma. Other serious injuries are associated with
disaster-related trauma including crush injuries from collapsed
structures and blunt or penetrating trauma from flying glass
and debris. Fractures may result from f alls on unstable or
slippery footing. Minor trauma generally consists of abra-
sions, lacerations, and puncture wounds from nails and other
sharp objects. Important considerations come into play in the
resuscitation of the seriously injured pediatric trauma patient.
Many of these are derived from the young child’s small size,
developing fat and musculature, and pliable skeleton. 

Kinetic energy from a blunt injury is transmitted o ver a
smaller mass. Most seriously injured children ha ve multi-
ple injuries including injury to the central nerv ous system.

Head injuries are common because of the child’s dispropor-
tionately large head and small torso. When ejected in the air
from a blast or thrown from a motor vehicle, the small child
travels headfirst. Intraabdominal organs are highly suscepti-
ble to injury because of their relatively large size within the
abdomen and the lack of protection af forded by ribs, fat,
muscle, and connective tissue. The bladder is within the 
abdomen and is unprotected by the bon y pelvis. Thoracic
injuries are uncommon b ut, when present, are a source of
significant morbidity. Unlike adults, injury to the heart,
great vessels, and lung occur without coe xistent fractures.
Spinal cord injures, also rare, can occur without bon y ab-
normalities visible on plain radiographs.

PEDIATRIC ASPECTS OF NUCLEAR,
BIOLOGICAL, AND CHEMICAL TERRORISM

Biological, Chemical Agents
Biological agents and the chemicals commonly considered
in terrorism, such as the nerve agents, are unusual poisonings
in children (22-24). The approaches that ha ve been de vel-
oped for the treatment of these weapons of mass destruction
(WMD) have focused on an adult, military model. Yet chil-
dren are more vulnerable to the effects of these agents. In the
setting of a lar ge-scale disaster, children are compromised
simply because they are young and less able or unable to rec-
ognize the danger of an e xposure. Because children are
physically less mature, they are limited in their ability to
climb, run, or flee. Children are more susceptible to respira-
tory failure and dehydration. Children with chronic illness,
especially those with diminished cardiopulmonary reserv e,
are at greatest risk. Because the y almost always congregate
in groups at school and in day care and may be too young to
practice prudent hygiene, they have a higher risk of person-to-
person transmission. Finally , as large numbers of infected
adults become unable to care for their children, the care of
well and uninfected children becomes a greater burden to the
community (Table 41-1). 
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TABLE 41-1 Agents Likely to Be Used in Chemical Terrorism

TYPE OF EXPOSURE EXAMPLES INTERVENTIONS ANTIDOTES

Nerve agents Tabun Respiratory support, Atropine,
Sarin skin decontamination Pralidoxime,
Soman (Mark I)
VX

Vesicants Mustard gas Respiratory support, None
Nitrogen mustard skin/mucous membrane

decontamination
Irritants/Corrosives Chlorine Respiratory support,

Bromine skin/mucous membrane
Ammonia decontamination,

nebulized albuterol
Choking agents Phosgene Respiratory support None
Cyanogens Hydrogen cyanide Cardiorespiratory support Amyl nitrate,

sodium thiosulfate,
sodium nitrite

Source: AAP policy statement, chemical-biological terrorism and its impact on children.  Pediatrics 2000 Mar;105(3):662-7.3



Regarding biological or chemical agents used in terrorism,
drug treatments and antidotes are not as well studied in chil-
dren and commonly recommended adult medications are not
approved for children. Weight based dosing re gimens and
dispensing mechanisms (e.g., autoinjectors for atropine and
pralidoxime) are not a vailable. First-line antibiotics (e.g.,
fluoroquinolones and tetrac yclines) recommended for bio-
logic agents are contraindicated in young children. In gen-
eral, universal availability of equipment in the sizes needed to
care for children of dif ferent ages is a pervasive problem en-
countered in emer gency response. The technical aspects of
airway management and vascular access may be obstacles in
the setting of large numbers of younger patients. 

A 2000 consensus statement of the American Academy of
Pediatrics’ Committee on Environmental Health and Com-
mittee on Infectious Disease entitled “Chemical-Biological
Terrorism and its Impact on Children” highlighted mecha-
nisms through which children could be more se verely 
affected by chemical and biologic agents (Table 41-2) (24).

Chemical Agents. Readily available, chemical agents do
not require sophisticated deli very devices for dispersion and
are capable of rapidly causing illness. Nerv e agents are well
absorbed through intact skin. Impre gnated clothing can re-
lease toxin for prolonged periods follo wing initial contact.
Health care and rescue workers must wear full protective gear

including respiratory filers to avoid self-contamination. Sarin
gas is concentrated closer to the ground and poses a special
threat to children. Mustard gas, chlorine, and ammonia are
corrosive and w ould injure skin, especially mucosa of the
nose and eyes. Inhalation would cause chemical pneumonitis. 

Atropine and 2-PAM (pralidoxime) are the antidotes used to
treat these exposures. A Mark I injector kit administers an in-
tramuscular injection of 2 mg of atropine and 600 g of 2-PAM.
Preloaded injector sets for weight based dosing of pediatric pa-
tients are not available. Guidelines for the use of the standard
autoinjector for pediatric ages and weights to approximate the
desired dose ranges (0.02 mg/kg, atropine; 20 to 40 mg/kg,
2-PAM) have been developed (Table 41-3).

Biologic Agents. Biological agents may be used in their
wild naturally occurring form or altered to increase antibiotic
resistance and their spread (T able 41-4). Unlik e chemical
agents, biological agents may be associated with a delay in
onset of illness. Since the y may be unrecognized in early
stages and are highly transmissible, biological agents can re-
sult in widespread secondary infection as heath care person-
nel, family members, and classrooms of contacts are exposed.
Fever, malaise, headache, vomiting, and diarrhea are common
early manifestations of man y biologic WMD as well as the
presentation of common pediatric emer gent conditions from
typical pathogens. Although many infections related to
weaponized exposure may be treatable, the diagnosis may be
delayed. A release of biological agents may be detected only
after a pattern of illness is identified within a community. 

The role of personal protecti ve equipment (PPE) use in
children is a concerning topic. To be effective, PPE outfits
and masks would need to be properly sized and monitored
while in use. Very limited research has been done in the area
of benefit and risk of PPE equipment in children. Children
were reported to ha ve suffocated while wearing gas masks
during Operation Desert Storm (25). 

Anthrax is considered to be a signif icant biological agent
threat to children. Experience with anthrax in children is e x-
tremely limited, making predictions about susceptibility or
outcome difficult. Most strains of endemic anthrax are sensi-
tive to penicillin G, the drug of choice. Alternative choices
recommended for laboratory-produced antibiotic-resistant
strains include ciprofloxacin and doxyc ycline (Table 41-5).
Problems with recommendations for the treatment of anthrax
with respect to pediatric patients are (a) anthrax v accine is
currently approved only for patients 18 to 65 years of age
and (b) both quinolones and tetrac ycline are contraindicated
in children (26).

Smallpox (variola) has a high rate of person-to-person
transmission and case fatality rate. Smallpox was eradicated

Chapter 41 Being a Child in the Midst of Terrorism 405

TABLE 41-2 Mechanisms Through Which Children
Could Be More Severely Affected by
Chemical and Biologic Agents

1. Increased baseline respiratory rates place children at risk
for absorbing larger amounts of aerosolized agents
(sarin, anthrax, chlorine).

2. High vapor density agents are concentrated closer to the
ground and within the breathing zone of children (sarin,
chlorine) who are shorter and play for long periods on
the floor.

3. Thinner, permeable skin and a large surface area allows
for greater transdermal absorption of toxins.

4. Less keratinized skin may produce greater injury from
vesicants.

5. High body surface promotes heat loss when exposed
(prolonged periods with heat or outside) or wet (decont-
amination).

6. Increased risk of dehydration from gastrointestinal fluid
losses.

TABLE 41-3 Autoinjector Administration and Dosing in Children

# OF AUTOINJECTORS ATROPINE DOSE PRALIDOXIME DOSE
AGE WEIGHT (OF EACH TYPE) (MG/KG) (MG/KG)

3–7 years 13–25 kg 1 0.08–0.13 22–46
8-14 years 26–50 kg 2 0.08–0.13 22–46
>14 years >51 kg 3 0.11 or less 35 or less
Source: Consensus Statement of 2003 Executive Committee.



in 1980, and children are no longer immunized for it. More
than 80% of adults and close to 100% of children are sus-
ceptible to it. No antiviral therapy is available, and supportive
therapy is the mainstay of treatment. Administration of 
the smallpox vaccine within the first several days postexpo-
sure may be useful for poste xposure prophylaxis. Although
the vaccine is currently contraindicated in children less than
one year of age, many experts recommend vaccination of all
children, even infants, following a true e xposure to

weaponized smallpox. Research on ne w generations of
smallpox vaccine should include children of all ages. 

Toxins from biologic agents ha ve the ability to produce
symptoms quickly, without incubation period. Botulinum
toxin is highly and quickly lethal. P atients initially develop
difficulty seeing, speaking, and swallowing. As paralysis
extends beyond the cranial nerv es, generalized hypotonia
and muscle weakness precede death from airw ay obstruc-
tion. Treatment includes ventilatory support and antitoxi n,
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TABLE 41-5 Therapy and Prophylaxis of Anthrax in Children

FORM AGENT AND DOSE COMMENT

Inhalational Therapy • In MCI, oral route may be
Cipro 10–15 mg/kg IV q12h (max 400mg/dose) substituted for IV. Cipro is

preferred because of better GIor
absorption.

Doxycycline 2.2 mg/kg IV q12h (max 100mg/dose) and • Stable patients can be switched 
Clindamycin 10–15 mg/kg q8h and to single oral agent after 14 days
Pen G 400–600 µ/kg/day divided q4h to complete 60-day course.
Postexposure prophylaxis • Children may be switched to PO
Cipro 10–15 mg/kg PO q12h (max 500 mg/dose) amox to complete 60-day course.
or

Doxycycline 2.2 mg/kg PO q12h (max 100 mg/dose) • Cipro and/or doxy recommended
for first days of therapy or
postexposure prophylaxis 
regardless of age. 

Cutaneous, endemic Therapy • Ten days may be adequate for
Penicillin V 40–80 /kg/d PO divided q6h or endemic cutaneous disease.
Amoxicillin 40–80 mg/kg/d PO divided q8h or
Cipro 10–15 mg/kg PO q12h (max 500 mg/dose) or
Doxycycline 2.2 mg/kg PO q12h (max 100 mg/dose)

Cutaneous, terrorism Therapy • Cipro is preferred.
Cipro 10–15 mg/kg PO q12h (max 500mg/dose) or
Doxycycline 2.2 mg/kg PO q12h (max 100 mg/dose)

Gastrointestinal Therapy:
Same as inhalational

Source: Consensus 2003 Executive Summary, based on recommendations from the American Academy of Pediatrics, Centers for Disease Control
and Prevention, U.S. Food and Drug Administration, and Infectious Disease Society of America.

TABLE 41-4 Biological Weapons of Mass Destruction

BACTERIA* RICKETTSIAa VIRUSES FUNGI TOXINS

Anthrax Q fever Smallpox Coccidio Aflatoxin
Brucellosis Epidemic typhus Hemorrhagic • C. botulinum
Botulism Rocky Mountain fevers • C. perfringens
Tularemia spotted fever Equine • Ricin
Plague encephalitis • Shigella

Yellow fever • Staph
Hantavirus • Tetrodotoxin
Ebola

a Treatable with antibiotics
Source: Modified from AAP policy statement, chemical-biological terrorism and its impact on children.
Pediatrics 2000 Mar;105(3):662-70.



Botulinum Immune Globulin. Staphylococcus aureus entero-
toxic is capable of producing severe diarrhea in the very young
that could least tolerate marked gastrointestinal fluid losses.

Radiation Exposure. Children are at greater risk than
adults following radiation exposure. Appropriate doses and
availability of potassium iodide (KI), marrow-simulating
agents, and antiemetics are important considerations in
preparing for a nuclear disaster. Communities must be pre-
pared to make rapid assessments of the risk of their popu-
lation’s exposure and pro vide for immediate KI (within 
2 hours) administration, preferably in a graded dosing regi-
men (Tables 41-6 and 41-7).

TREATMENT: EVENT AND POSTEVENT

The general principles of a pediatric mass casualty e vent
are identical to one that in volves few children. A unified
command structure must be established; it should include
local, state, and federal of ficials, hospital administrators,
social workers, counselors, pediatric emergency medicine
physicians, pediatric surgeons, and pediatric critical care
and other subspeciality consultants. 

Decontamination
If WMD is suspected, appropriate protective gear must be
readily accessible and f amiliar to health care pro viders.

Children present some unique challenges in decontamina-
tion. This process must be able to accommodate parentless
children, nonambulatory children, children with comple x
medical needs, and technology dependent children. Young
children lose heat quickly when wet and/or unclothed in
large, open areas. Appropriate warmth must be pro vided
during and follo wing decontamination. Identif ication and
surveillance of lar ge numbers of children is dif ficult
throughout this process. This is especially true if responsi-
ble adults (parents, teachers, chaperones) have been killed
or injured or are missing. 

Triage
An important role of the first responders to a multiple casu-
alty incident (MCI) in volving a large number of children
will be to perform triage and initial patient assessments.
The management of a large number of critically ill children
will require access to well-trained and e xperienced pedi-
atric practitioners capable of rapid pediatric cardiopul-
monary assessment and interv entions. In general, most
EMS systems and emer gency providers feel less comfort-
able with all aspects of pediatric emer gency care than with
adult emergencies. Several commercially available courses
(Pediatric Advanced Life Support, Advanced Pediatric Life
Support (APLS), and Pediatric Emergency for Prehospital
Providers (PEPP)) teach fundamentals of pediatric assess-
ment of the individual patient, including the pediatric
trauma victim, and offer practice in pediatric procedures
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TABLE 41-6 Guidelines for KI Dosing

AGE EXPOSURE, GY (RAD) KI DOSE (MG)

> 40 years >5 (500) 130
1–49 years 0.1 (10) 130
12–17 years 0.05(5) 65

Adolescents > 70 kg 0.05(5) 130
4–11 years 0.05 (5) 65
1 month–3 years 0.05 (5) 32
Birth–1 month 0.05 (5) 16
Pregnant/lactating women 0.05 (5) 130
Source: Consensus Conference and recommendations from the American Academy of Pediatrics,
Centers for Disease Control and Prevention, and U.S. Food and Drug Administration.

TABLE 41-7 Guidelines for Home Preparation of KI Solution Using 
65-mg Tablet

Grind 65-mg tablet into fine powder in a small bowl with the back of a spoon.
Add 4 tsp (20 ml) of water to the KI powder. Mix until dissolved.
Add 4 tsp (20 ml) of milk, juice, soda, or syrup to the KI/water mixture.
Mixture contains 8.125 mg KI/tsp (5 ml). Use age-based dosing guidelines:

newborn to 1 month: 2 tsp
1 month to 3 years: 4 tsp
4 years to 17 years: 8 tsp or one 65-mg tablet
children/adolescents >70 kg: two 65-mg tablets

Source: Consensus Conference recommendations.



but do not address mass casualty triage in depth. Pediatric
triage in a disaster setting is further complicated by chil-
dren with unfamiliar special needs and diagnoses, technol-
ogy dependent children and parentless, psychologically
distressed children of different ages. 

In an MCI, decisions about destinations for pediatric pa-
tients would be dictated by pediatric capabilities in re gional
hospitals. In general, children in the immediate (or red) triage
category should be transported to facilities with the most exten-
sive pediatric capabilities. Children in the delayed (or yello w)
category can be transported to closer hospitals with less sophis-
ticated pediatric capabilities for stabilization, even if subse-
quent transfer to a children’s hospital is expected. Minimal (or
green) category patients should be distrib uted throughout the
region, even transported to a more distant facility.

MCI triage has not been standardized in pediatrics. EMS
regions may choose to use dif ferent triage systems. The
START system (Simple Triage and Rapid Transport) is
commonly accepted as a triage tool for adults and is applied
to patients over 100 pounds or 8 to 10 years of age (T able
41-8; Figure 41-1). JumpSTART is a pediatric modification
of START, which can be used in children between the ages
of 1 and 8 years. The Jump START decision points reflect
normal vital signs of young children and a child’s likelihood
of experiencing a respiratory arrest without cardiac stand-
still. Unlike adults who typically become apneic following a
cardiac event, children suffer a respiratory arrest (apnea

with a pulse) before a complete asystolic arrest occurs. Such
children who are apneic but sill have a perfusing rhythm are
likely to recover if their airw ay is opened and spontaneous
respirations can be quickly reestablished. Inf ants (less than
1 year) are not included in JumpSTART.

Although untested in an actual MCI and more time con-
suming than START, JumpSTART provides an important
tool for standardized pediatric triage. The many challenges
involved in pediatric triage may cause the f irst responder’s
emotional response to the injured child to influence clinical
judgment and waste valuable time and resources attempting
to resuscitate children who are realistically not salv ageable.
Ongoing work in ref ining and validating a pediatric rapid
assessment and triage tools is needed.
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TABLE 41-8 START Decision Points and Triage
Categories

Ability to walk 
Presence of spontaneous breathing 
Respiratory rate (<30 or >30) 
Capillary refill time (< 2 sec or > 2 sec)
Ability to obey commands

Position airway

Respirations

No

YesNo

>30/min

Yes

Immediate

<30/min

Immediate

Non-
salvageable

Perfusion

Control
bleeding

Mental
status

Cap refillCap refill

Immediate Can
follow
simple

commands

Failure to
follow
simple

commands

Immediate Delayed

Figure 41–1. START Triage.



Breathing?

Able to walk? Secondary Triage*

No

Yes

Respiratory Rate

15–45

Palpable Pulse?

AVPU

Yes

Yes Minor

No
Position

upper airway

Palpable pulse?

<15 or >45

No

Breathing Immediate

No Deceased

APNEC Deceased

*Evaluate infants first in
secondary triage using the
entire JS algorithm

APNEC

5 rescue breaths

Yes

Breathing

Immediate

Immediate

Immediate

Immediate

Delayed

“P” (Inappropriate)
Posturing or “U”

“A”, “V” or “P”
(Appropriate)

Figure 41–2. The JumpSTART Field Pediatric Multicasualty Triage System © (for patients ages 1–8 years).
From Lou Romig MD, FAAP, FACEP, 2004; with permission.
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Transport
In small incidents, efforts to keep injured family members
together are likely to be successful. In lar ge MCI, this may
not be possible or benef icial. Different types of injuries and
the need for a v ariety of specialty care may require separat-
ing family members. Response vehicles must have pediatric-
appropriate equipment and medication for resuscitation and
decontamination. 

Transition and Temporary Shelter
The postdisaster period may pose special hazards for chil-
dren and requires detailed planning. A previously safe and
structured environment has been destroyed, and adult super-
vision may be limited. An event during summer increases
risks for dehydration, severe sunburn, and insect bites. Cold
weather disasters may cause hypothermia and an increased
risk of fire from candles and unsafe appliances. Children with
chronic medical problems may suffer if their medications are
not available. Technology dependent children may be com-
promised if power outages continue for long periods of time.

Housing families or children without parents in shelters
is a complex task that takes careful planning (Table 41-10).
Issues of safety (a childproof en vironment, drugs, alcohol,
weapons, smoking), supervision (parentless children, lim-

ited numbers of adults to children), and illness (isolation,
typical childhood illness exposure, infections caused by the
disaster) must be considered. Documentation of health care
provided while children are in shelters is important. 

The development of an approach to the care of parentless
children with regard to medical and mental health, shelter,
guardianship, and placement is critical. “Displaced” chil-
dren who exhibit signs of ongoing stress should undergo full
medical and psychological evaluation.

PREVENTION AND MITIGATION

Disaster preparedness requires involvement of all members
of a community. The entire community must educate itself
about the types of disasters likely to affect them and should
be encouraged to participate in disaster planning. Re gional
attention needs to be directed to ward planning for children
in a MCI event since an immediate response with local re-
sources would occur before more sophisticated and distant
(Federal Emergency Management Agency or disaster 
medical assistance teams (DMAT)) help would be available.
Pediatric experts should be in volved in disaster prepared-
ness in all aspects: evacuation protocols, patient transport,
and treatment policies for specif ic injuries. Pediatric equip-
ment and medications should be included in National Disas-
ter Medical System and DMAT supplies.

Hospitals
During a disaster, children will arrive in community hospitals,
so all prehospital and emer gency department personnel must
be trained in basic disaster management as well as pediatric
triage and decontamination. EMS systems and emer gency 
departments must ha ve adequate supplies of appropriate
equipment for pediatric and newborn resuscitation and stabi-
lization and transport of critically ill patients to destinations
providing specialized pediatric trauma, burn and/or critical
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TABLE 41-9 JumpSTART Decision Points

Ability to walk
Presence of spontaneous breathing
Presence of pulse in an apneic child
Respiratory rate <15 or >45
Palpable peripheral pulse
Appropriate response to painful stimulus

TABLE 41-10 Pediatric Disaster Shelter Planning

• Supplies 
Diapers and other supplies for infant hygiene
Infant formula and rehydration solutions
Child-appropriate snacks and foods
Games and other distractions for children
Basic pediatric first aid equipment

• Staffing 
Train staff members in basic pediatric emergency care
Provide staff to supervise children when parents are injured or unavailable 

• Safety 
Childproof the shelter 
Appropriate supervision of children (especially parentless)
Safety rules (set curfew; forbid alcohol, smoking, guns, candles, fire)

• Medical
System for documentation of medical treatment
Pediatric medical backup in place
Contingency plans for children with special health care needs
Plans for isolating sick children



care. Emergency departments with enhanced pediatric capa-
bilities must ha ve plans to alter usual functioning and en-
hanced ability to manage larger numbers of critically ill chil-
dren. In their 2003 Ex ecutive Summary, the National Center
for Disaster Preparedness recommends that hospitals k eep a
48-hour supply of pediatric equipment and pharmaceuticals
on hand for the hospital’s average daily census plus an addi-
tion 100 patients. Each re gion should designate a children’ s
hospital that would serve as a pediatric resource center. 

Schools
Schools should figure prominently in community disaster plan-
ning. Sadly, schools may be the tar get of terrorism because
children are highly concentrated there during predictable times.
School personnel should be incorporated into disaster prepara-
tion efforts both from the standpoint of system preparedness
and education of children. School may serv e as a shelter for
children, with or without their parents. Finally school, in some
form, will be where children return following a disaster. Teach-
ers and staff have important roles in postdisaster psychological
evaluation and mental health support of children and serv e as
important constants in children’s lives. 

Families
All individuals and families should undergo some level of
education and preparedness for a disaster (T able 41-11).
Since distant resources may take 24 to 72 hours to mobilize,
families should plan to be self-suf ficient for several days.
Anticipating the steps following a disaster will help children
cope and retain some sense of control. 

Primary Care Providers
Primary care physicians can function as community leaders
encouraging involvement of all patients and parents in dis-
aster planning. They should assist f amilies in planning for
the medical needs of chronically ill (including diabetes,
asthma, immune deficiencies) and technology dependent
children (ventilator support, supplemental oxygen, central
line, gastrostomy tube). They should be used as a resource
in planning for the medical and mental health of children in
shelters and aid schools in disaster planning. They should

serve as adv ocates for increased attention to the needs of
children on re gional and national le vels and adv ocate for 
research in the pediatric aspects of nuclear , biological, and
chemical terrorism.

Physicians who operate offices outside of hospitals need
to develop and rehearse their o wn office disaster. This
should include contingencies for (a) stockpiling medication
and equipment, (b) dealing with emer gent and continuing
medical care for their own patients, and (c) relocating if the
office must be evacuated. 

Mental Health Resources
Mental health resources are a k ey component in the care of
children during the acute phases and aftermath of a disaster.
Mental health providers should serve as important resources
in educating families and health care pro viders in the emo-
tional needs of children of dif ferent developmental stages.
Communities should ha ve plans to augment current pedi-
atric and family-centered mental health capabilities. 

PREPAREDNESS HISTORIC EVENTS,
SCENARIOS, AND RECOMMENDATIONS
FOR THE FUTURE

CHILDREN IN WAR AND DISASTER: 
WHAT WE HAVE LEARNED 
FROM RECENT EVENTS

Children were not the primary tar get of the September 11 
hijackers, but they were not spared from the traumatic after-
math. Eight children died on airplanes, many more lost a par-
ent, some in Ne w York City lost both parents or were dis-
placed from their homes, thousands physically w atched the
event or were e vacuated from their school, and millions
watched television as horrifying images were broadcast by the
media over and over again (9). Memories of this sentinel event
emphasize the substantial and long-lasting ef fects of a lar ge-
scale disaster on a huge segment of the population and the im-
portance of a widespread response from communities and
schools in addressing children’s mental health needs (10,11). 
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TABLE 41-11 Family Disaster Plan

• Understand disaster risks in your community.
• Undertake preventive measures to protect yourselves and property.
• Develop an evacuation plan.
• Develop a reunification plan with primary and secondary sites for the family to meet.
• Identify equipment and supplies needed to live independently for 3 days.
• Update disaster supplies on a yearly basis.
• Keep valuable documents (birth certificates, insurance information) in a safe place.
• Involve children in the family plan.
• Develop a plan for pets. 
• Identify a family or friend in a different community with whom you can live if evacuated

and homeless. Give them a copy of your plan.



School children from kindergarten, second, third, and fifth
grades were among the thousands of people trapped in the
World Trade Center in Ne w York City following the 1993
bombing. For these children and their f amilies, this was an
incident of isolated psychological terrorism. The children 
believed themselves to be at risk of dying b ut did not suffer
concomitant physical injury, loss of a parent and/or home,
and disruption of daily life. Parents had no communication
about their children’s whereabouts for many hours. Koplewicz
reported significant levels of Post Traumatic Stress Disorder
(PTSD) symptoms and disaster-related fears in these children
at one and nine months follo wing the event (12,13). Interest-
ingly, children in the control group, who attended the same or
nearby schools but were not at the WTC on the day of the
bombing, reported mild PTSD symptoms presumably because
of media exposure (9). 

The severe and widespread ef fect of w ar on children’ s
mental health has been well established. Children e xposed to
long-standing political violence and ci vil wars suffer acute
stress disorders and endure ongoing po verty and deprivation
as refugees. 

A prospective longitudinal study examined the posttrau-
matic stress of school aged Croatian children during and 30
months following the 1994 Yugoslavian attacks (14-16).
Eighty percent of children reported moderate or se vere
symptoms of PTSD in 1994. This decreased to 60% three
years later when the children were reassessed. Two factors
that contributed to long-term symptomatology were actually
witnessing violence in the form of killing and beating (e x-
posure to “general w artime activities” was predictive only
for short term symptoms) and younger age (17). 

Beginning in September 2000, families and children in the
Gaza strip have experienced traumatic events ranging from ex-
posure to graphic media coverage of killings to actual helicop-
ter bombardments of their homes. Among Palestinian children
(9 to 18 years of age) who actually witnessed bombardments
and the demolition of their homes, over 40% revealed severe
to very severe symptoms of PTSD (images, flashbacks, night-
mares) and fears. This was twice the rate reported by none x-
posed children living in other parts of the Gaza strip. However,
anxiety symptoms and disorders were high in children li ving
in the Gaza strip not affected by shellings. The finding of high
severity of symptoms related to close proximity and inten-
sity of exposure is a pattern that has been described in natu-
ral disasters, like the Armenian earthquake (18). Emotional
distress occurs not only in directly e xposed children who
actually view atrocities but also in nonexposed children who
experience events through conversations with adults and the
media (19).

Although treatment for psychological distress follo wing
disaster is recognized as a need for children, a standardized
approach and research e valuating interventions have been
lacking. Chemtob reported the results of screening and
treatment of elementary school children in Ha waii follow-
ing Hurricane Iniki (20). School-based, community-wide
screening of all children in second through sixth grade iden-
tified a subset of children with highest degrees of psycholog-
ical distress who were selected for individual or group treat-
ment provided by school-based counselors. Children in the
treated groups reported signif icant reductions in trauma-re-
lated symptoms at one-year follo w-up. The authors con-
cluded that school-based, community-wide screening and

treatment effectively identified high-risk children and re-
duced psychological distress postdisaster in symptomatic
children and suggested that this approach may be of benef it
in other forms of large-scale disasters. 

PREPAREDNESS HYPOTHETICAL
SCENARIOS AND QUESTIONS 
TO CONSIDER

Scenario One. A bomb on a school bus explodes as it brings
Boy Scouts to the Annual Jamboree on the Mall in Washing-
ton, D.C. The bus was destroyed with significant damage to
surrounding buses. Five hundred Boy Scouts between the ages
of 7 and 11 years were e xpected to attend the event and have
traveled from all over the Eastern United States.

Scenario Two. Many school children and adult chaper-
ones become nauseous and short of breath while on a
school trip to the Museum of Science. More and more peo-
ple, including museum staff, are developing symptoms. 

Scenario Three. Police follow an “armed” man as he runs
through a cro wed suburban neighborhood to ward a grade
school. It is lunchtime on a w arm sunny day. Most classes
are at recess. Three buses are unloading the afternoon
kindergarten classes. He runs between the b uses and begins
to shoot his weapon. 

Questions to Consider

1. How would your local authorities and EMS systems han-
dle each of these situations? Has there been community-
wide disaster planning?

2. Could your emergency departments manage a signifi-
cant influx of children? Does your emergency depart-
ment have equipment to care for pediatric patients?
Does your emergency department have access to pedi-
atric subspecialty care?

3. What are the unique anatomic and physiologic charac-
teristics of young children? Is your emergency depart-
ment physician and nursing staff PALS trained? Have
emergency medical technicians in your region received
pediatric training (PALS, PEPP)?

4. What are pediatric considerations in treating chemical or
biologic WMD exposure?

5. How would your community cope in the aftermath of
these disasters?

6. What kind of support and counseling would be helpful
for children at different ages?

RECOMMENDATIONS FOR THE FUTURE

1. Enhance capability of Emergency Medical Services.
a. Teach (and drill) first responders a pediatric specific

triage system (JumpSTART).
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b. Equip EMS vehicles with pediatric-appropriate equip-
ment and medications.

c. Increase numbers of paramedics with PALS training.
2. Enhance capability of hospitals.

a. Equip all hospital emergency departments with 
pediatric-appropriate equipment and medications.

b. Augment levels of supplies for equipment and med-
ication beyond usual patient load.

c. Increase number of nurses and emergency physicians
with PALS training.

d. Augment mental heath capabilities for patients,
parents, and health care professionals.

3. Regionalize and integrate efforts.
a. Use tertiary care children’s hospitals to assist in coor-

dination of pediatric subspecialty care resources 
(pediatric emergency medicine, surgery, critical care,
burn services).

b. Designate a regional pediatric resource center.
c. Incorporate pediatric expertise in DMAT planning

and training.
d. Practice region-wide pediatric disaster drills, integrate

pediatric components into all disaster drills, and in-
clude schools in community drills.

e. Involve pediatricians, families, and schools in plan-
ning with special attention to shelters and mental
health needs of children.

f. Establish a community-wide approach to evaluation
and treatment of mental health issues in children and
families.

4. Commit to research and reevaluation leading to stan-
dardization.
a. Develop research and models to study the vulnerabili-

ties of children in disasters. 
b. Develop decontamination systems appropriate for all

pediatric age groups.
c. Research pediatric disaster triage tools.
d. Research vaccines in spectrum of pediatric age

groups.
e. Make weight-based doses of antidotes (atropine 

autoinjector) and pediatric-appropriate antibiotics and
drugs (KI) available

PREPAREDNESS SUMMARY

PEDIATRIC CONSIDERATIONS 
IN TERRORISM AND DISASTER PLANNING

1. Special requirement for children. The unique needs of
children throughout infancy, childhood, and adoles-
cence have received little actual attention in disaster
planning. It is important to consider the following im-
portant considerations that are critical to satisfactory

pediatric disaster preparedness. Because children have
unique needs related to size, anatomy, and physiology
(1–4), they 
a. Have thinner, less keratinized skin
b. Have increased susceptibility to shock and respiratory

failure
c. Require appropriate equipment for resuscitation and

decontamination for all ages/sizes
d. Require weight-based dosing for antibiotics and anti-

dotes 
2. Developmental and cognitive abilities precluding escape

and/or self care 
3. EMS system issues (5,6) 

a. Lack of universal pediatric ALS training in EMS sys-
tems and emergency departments

b. Limited pediatric subspecialty care
c. Limited experience with coordination of pediatric

emergency medicine, pediatric surgery, and pediatric
critical care following pediatric MCI

d. Limited experience with rapid pediatric triage system
in an MCI

4. Limited planning in families, schools, and communities
for the medical and psychological care of children fol-
lowing a MCI with many pediatric victims (7).

5. Limited data, research, published literature regarding the
special needs of children in disaster (8) 

RESOURCES

1. American Academy of Pediatrics. Family Readiness Kit.
Web site: www.aap.org.

2. American Red Cross. Web site: www.redcross.org.
3. Extension Disaster Education Network (EDEN). Web

site: www.agctr.lsu.edu/eden.
4. Federal Emergency Management Association (for Kids).

Web site: www.fema.gov/kids.
5. U.S. Geological Survey. Preparedness for natural disas-

ters. Web site: www.usgs.gov.
6. National Weather Service. Web site:

www.nws.noaa.gov.
7. Institute for Business and Home Safety. Web site:

www.ibhs.org.
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INTRODUCTION

The first thing that would catch your notice would be the
withered crop in the f ields. Acres upon acres of stunted
plants—in many areas reduced to a crunchy tan carpet of
withered stalks and wrinkled leaves because the irrigation
spigots had been turned of f—would extend across huge
vistas. Untended plots, overgrown fields, and rotting har-
vests would add to the impression of a ghostly landscape
where nature itself had gone awry. Emaciated cattle, stag-
gering aimlessly as if possessed, would bring home the
reality that some catastrophe had occurred. What had
been a bountiful, idyllic landscape had within the space of
a single gro wing season been transformed into a de-
mented nightmare. The pervasive sense of eeriness would
be heightened by the pitiful sight of pigs unable to w alk
or eat due to sores on their feet, teats, and inside their
mouths. Sows would refuse to nurse their young. In this
scenario, the terrorists have used a “twin venom” cocktail
of different plant pathogens and li vestock diseases (foot-
and-mouth disease, corn blight, karnal bunt, and rice
blast) that has caught the country’ s agricultural experts,
counterterrorism officials, and farmers off guard. (1)

The term “agricultural terrorism,” or “agroterrorism,” may
be defined as the introduction of an agent, either biological or
chemical, engineered to cause widespread devastation of natu-
ral resources, such as water supplies, soil, crops, or livestock,
the result of which is damage to the economical, political, and
social fabric of the affected society. In contrast to the so-called
traditional forms of terrorism, namely the terrorist attacks of
September 11, 2001, agricultural terrorism is considered less
likely to mount direct human casualties. Acts of agricultural
terrorism are seen as means by which the entire infrastructure
of agrarian society, from the individual farmer to the large in-
dustrial manufacturers of agricultural products to the indus-
tries that rely on the products of agriculture for their success,
may be crippled. The damage would not be limited to the eco-

nomic and industrial sectors; rather , the result of agricultural
terrorism would impact the state and federal go vernments, re-
sulting in a loss of conf idence in both the administration and
the government departments specif ically created to o versee
the safety of U.S. agriculture.

This chapter entertains the topic of agricultural terrorism
and its impact on the health care system. Traditionally, agricul-
tural terrorism is not e xpected to ha ve a direct impact on
human life, so the health care system’ s preparation for an
agroterrorism attack must be equally nontraditional. That is to
say, it is less important for the clinician to expect mass casual-
ties from an act of agroterrorism; rather, the clinician needs to
be vigilant and in close communication with local and re-
gional health-monitoring agencies, in an ef fort to pro vide a
network of surveillance and early warning against the possibil-
ity of an attack promulgated against the agricultural industry.

PREPAREDNESS ESSENTIALS

The best way to deal with threats to the national food sup-
ply and agricultural infrastructure is to pre vent and deter
intentional or unintentional introduction of plant and ani-
mal diseases into the United States. I ha ve said man y
times that pests and animal disease pre vention and eradi-
cation programs are central to the USD A’s ability to pro-
tect the Nation’s food supply and agricultural infrastruc-
ture. Simply put, the best defense is a good offense. (2)

To understand how greatly a terrorist attack against the agri-
cultural industry might impact the United States, it is first essen-
tial to understand the ef fects a terrorist attack is e xpected to
have. First, a terrorist attack, in general, is successful if it crip-
ples the economy of the threatened country. In the case of agri-
cultural terrorism, the target is the agrarian economy . Second,
success depends on the ability to destro y the livelihood of as
many people as possible. In the e vent of agricultural terrorism,
the disruption of the agricultural industry would have far-reach-
ing effects, not only to agriculture itself, but also throughout



other industries that rely on agriculture for supplies. Third, an
attack directed against the agricultural industry would likely put
the food supply at risk for an indef inite period of time. And
fourth, an attack directed against the agricultural industry would
likely go undetected before it was recognized and contained (3). 

When one considers the impact of zoonotic diseases in the
recent past, it is easy to see ho w agriculture would be an at-
tractive target for economic destabilization by a terrorist at-
tack. Although not an attack of terrorism, the mad cow disease
outbreak in the 1990s cost the English government between $9
and $14 billion U.S. dollars in compensation costs to f armers
and laid-off employees of the beef and dairy industries (4). It
is estimated, moreover, that an outbreak of foot-and-mouth
disease within the United States w ould cost the nation more
than $27 billion in trade losses alone each year (3).

The United States commercially produced 47,169 million
pounds of red meat, 38,500 million pounds of poultry, 7,221
million dozen eggs, and 170 billion pounds of milk in 2002.
The cash receipts for li vestock and crops in 2003 are esti-
mated to be $202 billion. The total gross domestic product,
consisting of both the food and fiber sector and the farm sec-
tor, was $10,082 billion in 2001. In terms of emplo yment,
129 million people are employed in the agricultural industry,
1.9 million of which are emplo yed directly within the f arm
sector (5). It is clear that the United States is a w orld leader
in food production, and many states’ economies thrive be-
cause of the direct success of the agriculture industry.

The success of the agriculture industry fosters the success
of other industries as well, namely the grocery, food service,
restaurant, and lodging and tourism industries, and an attack
on the agriculture industry would send ripples through those
industries, causing economic catastrophe similar to the eco-
nomic impact of the terrorist attacks of September 11, 2001,
on the airline and lodging industries. It is estimated that 2003
sales for the restaurant industry will reach $426.1 billion (6),
and that by 2008, the restaurant industry will emplo y 12.5
million workers and will likely reach 13 million by 2010 (7).
This estimate takes into consideration commercial restaurant
services as well as noncommercial restaurant services, such
as school cafeterias, colleges and universities, hospitals and
nursing facilities, and camps and community centers.

Food-based retail is estimated to capture 22.7% of the
$3.489 trillion U.S. retail trade, with milk and cheese the sec-
ond and third highest sellers ($10.6 and $8 billion, respec-
tively) (8). The lodging industry grossed $14.2 billion in
2002, and tourism is currently the third largest retail industry,
behind automotive and grocery , employing 2 million hotel
property workers, as well as supporting more than 7.8 million
travel and tourism jobs (9). Both in terms of economic desta-
bilization and disruption of li velihood across many facets of
American society, it is easy to see how attractive the agricul-
ture industry would be to prospective terrorists.

Why, however, would one utilize agricultural terrorism,
either in the form of a biological or a chemical agent, as a
means of terrorism when so man y other forms of weapons,
with the capability of producing a direct effect in the form of
loss of life and disruption of go vernment activity, are so
readily available? The answer, according to Singh, is simple.
“While conventional weapons can be detected in metal de-
tectors and other machines, biological warfare agents cannot
be detected easily nor do they arouse suspicion. What’s more

interesting is that the y can be easily tar geted. Creating bio-
weapons to kill livestock and crops is far easier than devising
a missile to kill a few. A study suggests that livestock, partic-
ularly in developed countries, have become more susceptible
as a result of intensive antibiotic and steroid programs” (10).
Another reason why agricultural terrorism is so attracti ve is
that the attack represents a danger to the perpetrator neither
during nor after the attack. Chalk notes,

Quite apart from their relative ease, bioattacks against
agricultural targets are also comparatively risk free in the
sense that they neither cross the threshold of mass killings
(at least directly), nor, in most cases, do they represent a
danger to the perpetrator him/herself. Destro ying wheat
or corn production or decimating a country’ s pig popula-
tion would not attract unfettered state action in the w ay
that a more “con ventional” bioattack against humans
would. Indeed in most countries, there is not even a deter-
rent against “agroterror” in the form of basic criminal
punishment, and there has certainly been no great appre-
ciation of the need to include agriculture in general
counter-terrorism plans. Equally , because there is no
large-scale loss of human life, perpetrators are unlikely to
be affected by residual feelings of moral guilt or weak-
ened by a loss of substantial political support. (4)

In his manuscript entitled “ Agricultural Biowarfare and
Bioterrorism,” University of California at Davis microbiolo-
gist Mark Wheelis recognizes the special features that an at-
tack on the agricultural sector w ould have (11). First, like
Chalk and Singh, Wheelis notes that with the e xception of a
small number of zoonotic illnesses, most of the diseases a
terrorist might introduce are not harmful to humans, making
them much less lethal to produce and disseminate. Second,
the equipment necessary to launch an agroterrorist attack is
available on the open mark et, requires no specialized train-
ing to use, and costs very little. Third, the targets of agroter-
rorist attack, namely fields of crops or lar ge areas of soil or
animals, are largely unguarded and remarkably widespread.
Fourth, the use of a biological or chemical agent against an
animal or a plant population, although nevertheless an act of
biowarfare, may be more easily justif ied both morally and
punitively. The civil and criminal penalties for such crimes
are much less severe than those meted against a perpetrator
of an attack in which human lives are lost. Fifth, the number
of cases necessary to create turmoil may be relati vely few,
and although few, the impact may be quite f ar reaching in
terms of economic consequences. Sixth, it is possible to cre-
ate the appearance of a naturally occurring e vent. Terrorist
groups may evade detection if their activity resembles a nat-
urally occurring event. A number of groups, moreover, had
even claimed responsibility for natural disasters that befell
the United States: namely, a 1989 fly infestation in Southern
California and an outbreak of citrus cank er in Florida,
which had been attrib uted to a Cuban biological weapons
program (12). Lastly, a terrorist act can be perpetrated with-
out the criminal even entering the United States. The impor-
tation of lar ge volumes of contaminated materials used in
the agriculture industry, such as stra w, animal feed, and
fertilizer, may be spread o ver a large geographical area and
may even mimic a naturally occurring e vent, thus evading
detection.
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HISTORIC EVENTS
AND CASE HISTORIES

The Lord said to Moses, “Go to the king and tell him that
the Lord, the God of the Hebre ws, says, ‘Let my people
go, so that they may worship me. If you again refuse to
let them go, I will punish you by sending a terrible dis-
ease on all your animals—your horses, donkeys, camels,
cattle, sheep, and goats.’” (13)
Since antiquity there ha ve been stories of poisoned well

water, crops devastated by fire, and livestock either infected
or killed during warfare. There exist many reports of biologi-
cal terrorism during the world wars. The Germans and Japan-
ese had attempted to introduce a v ariety of plant and animal
pathogens, including anthrax, during conflicts surrounding
the First World War. During the Second World War, the
British accused the Germans of attempting to introduce Col-
orado beetles in to the potato fields of southern England (10).
The United States had e ven been accused of agricultural ter-
rorism by Cuba during the Cold War, when the Cuban go v-
ernment accused the United States of introducing a variety of
biological agents into Cuba’s crops and livestock (14).

Yet in spite of the apparent historical prevalence of the use
of biological and chemical forms of agricultural terrorism,
and the understanding of the ease and minimal e xpense with
which an act of agricultural terrorism may be perpetrated, it is
recognized that very few actual acts of agricultural terrorism
have taken place. Carus’s Bioterrorism and Biocrimes: The
Illicit Use of Biological Agents since 1900 recognizes only
three cases in which biological agents tar geted against plants
and animals have occurred (15). The first took place in 1952
when African bush milk toxin w as introduced into the li ve-
stock population of the K enyan Kikuyu tribe by the terrorist
organization Mau Mau (10,12). The second occurred in the
1980s when Tamil militants threatened to infect rubber and
tea plants in Sri Lanka to destabilize the Sinhalese go vern-
ment of that country. The third occurred when the Dark Har-
vest group threatened to spread anthrax-infected soil through-
out the United Kingdom to raise public a wareness of the
ecological dangers of germ warfare (4,15). 

It is recognized, however, that a number of governments
throughout the w orld have experimented with the use of
agricultural terrorism during times of conflict. The British
government experimented with anthrax-laced cow cakes for
use against the Germans during World War I. During World
War II, the German, British, Canadian, Japanese, and U.S.
governments had biological weapons programs that con-
ducted research on antianimal and anticrop agents including
foot-and-mouth disease, rinderpest, and potato beetles (14).
The United States had experimented with the use of a num-
ber of plant pathogens prior to termination of its biological
warfare program in the early 1970s. The South African
apartheid government had e xperimented with agricultural
biowarfare in the form of antiplant and anticrop agents for
use against neighboring countries (4). 

Kadlec, contributing author to the te xtbook Battlefield of
the Future: 21st Century Warfare Issues, writes in his chapter
“Biological Weapons for Waging Economic Warfare” that the
historical context for the use of biological agents had led to the

creation of an international treaty. In 1972 the Biological War-
fare Treaty prohibited the research, development, production,
and use of biological agents for offensive use (16). The Office
of Technology Assessment, although no longer a go vernment
agency today, in 1993 of fered Proliferation of Weapons of
Mass Destruction: Assessing the Risks. In its report, the office
noted that although 162 countries had signed the treaty , there
was no means to ensure compliance. The assessment further
listed the nations suspected of pursuing bio weapons and
bioterrorist activities, including Russia, China, Iran, Iraq,
Syria, Israel, North Korea, and Taiwan (17).

Policy analyst Greco, in his report Agricultural Terrorism
in the Midwest: Risks, Threats, and State Responses, makes
note of the f act that the number of terrorist e vents targeting
ecological and environmental sites in the United States o ver
the past 5 years is greater than 500. He notes that the incidents,
including the 2001 contamination of an Ore gon tree farm by
environmental activists and the 1999 destruction of a crop of
genetically modified corn in California, may have eluded pub-
lic attention but nevertheless represented an assault against the
integrity of the U.S. agriculture industry (12).

PREPAREDNESS CHECKLIST
TABLES AND SUMMARY

IDENTIFICATION OF POTENTIAL
PLANT AND ANIMAL PATHOGENS

It is important to understand the characteristics of a pathogen
used effectively against a plant or animal population as a form
of agroterrorism. The antianimal agent must be highly conta-
gious, highly virulent, and able to survive well in the environ-
ment. Its dissemination must result in economic hardship and
an import ban by other countries (3). Some examples include
foot-and-mouth disease, hog cholera, velogenic Newcastle
disease, African swine fe ver, highly pathogenic a vian in-
fluenza, and rinderpest. An antiplant agent is more difficult to
characterize, although the majority of antiplant agents is from
the fungus family. Weather, season, and growth stage, in addi-
tion to the choice of agent itself, play a role in the successful
destruction of crops (3). Some e xamples of antiplant agents
include wheat smut and rice blast.

The Office International des Epizooties (OIE) is an agency
comprised of 155 member countries and has presented lists of
zoonotic diseases with the potential for use in agroterrorist ac-
tivity targeting animals (18). The diseases in List A are defined
as “transmissible diseases that have the potential for very seri-
ous and rapid spread, irrespective of national borders, that are
of serious socio-economic or public health consequence and
that are of major importance in the international trade of ani-
mals and animal products” (Table 42-1). The diseases on List
B are defined as “transmissible diseases that are considered to
be of socio-economic and/or public health importance within
countries and that are signif icant in the international trade of
animals and animal products” (Tables 42-1 and 42-2). A num-
ber of the diseases on List B are considered agents that might
be used against humans. The expectation would be that con-
siderable human medical consequences might accompan y an
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TABLE 42-1  The World Organization for Animal Health Classification
of Diseases

CATEGORY A: EPIZOOTIC DISEASES

• Foot-and-mouth disease • Vesicular stomatitis
• Swine vesicular disease • Rinderpest
• Peste des petits ruminants • Contagious bovine pleuropneumonia
• Lumpy skin disease • Rift Valley fever
• Bluetongue • Sheep pox and goat pox
• African horse sickness • African swine fever
• Classical swine fever • Highly pathogenic avian influenza
• Newcastle disease
From The World Organization for Animal Health. Diseases Notifiable to the OIE: List A [online] April 23,
2004 [cited May 12, 2004]. Web site:http://www.oie.int/eng/maladies/en_classification.htm. With permission.

TABLE 42-2 The World Organization for Animal Health Classification of Diseases

CATEGORY B: EPIZOOTIC DISEASES (PART 1)

MULTIPLE SPECIES DISEASES CATTLE DISEASES

• Anthrax • Bovine anaplasmosis
• Aujeszky’s disease • Bovine babesiosis
• Echinococcosis/hydatidosis • Bovine brucellosis
• Heartwater • Bovine cysticercosis
• Leptospirosis • Bovine genital campylobacteriosis
• New world screwworm • Bovine spongiform encephalopathy

(Cochliomyia hominivorax) • Bovine tuberculosis
• Old world screwworm • Dermatophilosis

(Chrysomya bezziana) • Enzootic bovine leukosis
• Paratuberculosis • Haemorrhagic septicaemia
• Q fever • Infectious bovine
• Rabies rhinotracheitis/infectious pustular
• Trichinellosis vulvovaginitis

• Malignant catarrhal fever
• Theileriosis
• Trichomonosis
• Trypanosomosis (tsetse-transmitted)

SHEEP AND GOAT DISEASES EQUINE DISEASES

• Caprine and ovine brucellosis • Contagious equine metritis
(excluding B. ovis) • Dourine

• Caprine arthritis/encephalitis • Epizootic, lymphangitis
• Contagious agalactia • Equine encephalomyelitis (Eastern
• Contagious caprine and Western)

pleuropneumonia • Equine infectious anaemia
• Enzootic abortion of ewes (ovine • Equine influenza

chlamydiosis) • Equine piroplasmosis
• Maedi-visna • Equine rhinopneumonitis
• Nairobi sheep disease • Equine viral arteritis
• Ovine epididymitis (Brucella ovis) • Glanders
• Ovine pulmonary adenomatosis • Horse mange
• Salmonellosis (S. abortusovis) • Horse pox

http://www.oie.int/eng/maladies/en_classification.htm
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• Scrapie • Japanese encephalitis
• Surra (Trypanosoma evansi)
• Venezuelan equine encephalomyeliti

SWINE DISEASES AVIAN DISEASES

• Atrophic rhinitis of swine • Avian chlamydiosis
• Enterovirus encephalomyelitis • Avian infectious bronchitis
• Porcine brucellosis • Avian infectious laryngotracheitis
• Porcine cysticercosis • Avian mycoplasmosis (M. quallisepticum)
• Porcine reproductive and • Avian tuberculosis

respiratory syndrome • Duck virus enteritis
• Transmissible gastroenteritis • Duck virus hepatitis

• Fowl cholera
• Fowl pox
• Fowl typhoid
• Infectious bursal disease (Gumboro disease)
• Marek’s disease
• Pullorum disease

LAGOMORPH DISEASES BEE DISEASES

• Myxomatosis • Acariosis of bees
• Rabbit haemorrhagic disease • American foulbrood
• Tularemia • European foulbrood

• Nosemosis of bees
• Varroosis

FISH DISEASES MOLLUSC DISEASES

• Epizootic haematopoietic necrosis • Bonamiosis (Bonamia exitiosus, B. ostreae,
• Infectious haematopoietic necrosis Mikrocytos roughleyi)
• Oncorhynchus masou virus disease • Marteiliosis (Marteilia refringens, M. sydneyi)
• Spring viraemia of carp • Mikrocytosis (Mikrocytos mackini)
• Viral haemorrhagic septicaemia • MSX disease (Haplosporidium nelsoni)

• Perkinsosis (Perkinsus marinus, P. olseni/atlanticus)

CRUSTACEAN DISEASES OTHER LIST B DISEASES

• Taura syndrome • Leishmaniosis
• White spot disease
• Yellowhead disease
From The World Organization for Animal Health. Diseases Notifiable to the OIE: List B. [online] April 23, 2004 [cited May 12, 2004]. Web site:
http://www.oie.int/eng/maladies/en_classification.htm. With permission.

TABLE 42-2 (continued).

animal-directed attack utilizing these agents (19). It is essen-
tial that clinicians who encounter a human case of any of these
agents recognize the potential for the infection to be part of a
much larger cluster, secondary to an agroterrorist e vent, and
that clinical laboratory personnel, infection-control profes-
sionals, and local and regional health departments be notif ied
as part of the chain of communication.

Kohnen notes that, with respect to the antiplant
pathogens, outright death of the plant is not the purpose of
attack. Rather, the diseased plants produce f ailed harvests
by drastically reducing the quality and quantity of the
plant’s output (14). Once the plant has been infected, further
transmission of the agents may be f acilitated by airborne
transmission, in the cases of fungal spores; by insect v ec-
tors, in the cases of plant viruses; or by water, in the case of
bacterial pathogens. The crop diseases of particular agroter-
rorist concern can be found in Table 42-3.

ESSENTIALS FOR DETERRING 
AN AGROTERRORIST ATTACK

Wheelis observes that a number of steps may be tak en to
deter an agroterrorist attack (11). First, he recommends 
enacting appropriate legislation to penalize those who use bi-
ological or chemical agents against plants, animals, or hu-
mans and that this le gislation provide for extradition of indi-
viduals charged with such of fenses. An example of such
legislation is the Agroterrorism Prevention Act of 2001. The
bill, “to protect and promote the public safety and interstate
commerce by establishing Federal criminal penalties and civil
remedies for certain violent, threatening, obstructive and de-
structive conduct that is intended to injure, intimidate, or in-
terfere with plant or animal enterprises, and for other pur-
poses,” was introduced in the U.S. House of Representati ves
in August 2001 by Representati ves George Nethercutt 

http://www.oie.int/eng/maladies/en_classification.htm


(R-WA), Saxby Chambliss (R-GA), and Randy Cunningham
(R-CA) and referred to the House Subcommittee on Crime,
Terrorism, and Homeland Security on September 10, 2001
(20).

Second, Wheelis recommends ef forts to introduce ne w
diagnostic agents for the early identification of outbreaks of
exotic animal and plant diseases. Third, he recommends that
the United States demonstrate it can, indeed, effectively
control an outbreak of an e xotic disease, thereby appearing
less attractive to potential agroterrorists. F ourth, he recom-
mends increased effective epidemiological investigations to
determine the origin of outbreaks and ensure that terrorist
activity is not misidentif ied as a naturally occurring e vent.
Fifth, he recommends negotiation of an effective biological
and toxin weapons convention protocol to ensure complete
biological disarmament. The Biological and Toxin Weapons
Convention renounced the use of all biological and toxin
weapons, even those considered to be nonlethal. Finally ,
Wheelis recommends that the agricultural sector decrease
its reliance on monoculture and e xpand the di versity of
genotypes of plants cultured in an ef fort to reduce suscepti-
bility to disease outbreaks (11).

PREPAREDNESS OF THE
AGRICULTURAL SECTOR

Individual farmers within the agricultural sector might em-
ploy a number of steps to protect their f arms from the risk
of an agroterrorist attack. These measures, developed in
2001 by the Animal Agriculture Alliance (21), include the
following:

1. Maintaining close relations with local police, fire, and
emergency departments, informing them of the height-
ened security priority

2. Making sure public authorities have maps of the facili-
ties in the area

3. Evaluating and scrutinizing requests for information
about facilities, and replying only to those requests
that have been submitted in writing and verified as
authentic

4. Asking for references from those who request informa-
tion about facilities and their management

5. Controlling and limiting public access to facilities and
escorting all visitors to the facility

6. Maintaining basic security by locking file cabinets and
doors to rooms where security equipment and informa-
tion are housed 

7. Maintaining appropriate lighting and alarm systems
8. Maintaining secure computer and information systems
9. Securing animal (and plant) health products

10. Thoroughly screening all job applicants, checking ref-
erences carefully, and noting any hesitation by a
prospective employee to a thorough investigation of his
or her references

11. Observing employees for unusual patterns of behavior;
not allowing employees to remove documents from the
facility or to bring a video camera to the facility to record

12. Performing locker checks and installing surveillance in
areas of unauthorized passage

13. Observing for signs that the facility may be a target for
suspicious activity including requests for release of
specific information or tours, calls, and letters criticiz-
ing or questioning the practices of the facility, harass-
ing telephone calls and letters, increased media atten-
tion to issues related to the agriculture industry, and
special interest by groups or campaigns, including
those seeking employment

14. Developing a policy statement concerning care for live-
stock (and plants)

15. Routinely testing security systems and conducting
mock drills

16. Developing a form of crisis communication and a plan
of action in the event of a true emergency.

Essential to the early recognition and identif ication of a
potential agroterrorist attack is communication with local,
regional, state, and national agencies. Each farmer ought to
be aware of the agencies in the area that might assist in re-
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CROP PATHOGEN PRIMARY MODE 
AFFECTED TYPE PATHOGEN DISEASE OF TRANSMISSION

Cereals Fungus Puccinia graminis* Stem rust of wheat Airborne spores
(wheat, Fungus Puccinia glumarum* Stripe rust of cereals Airborne spores
barley, rye) Fungus Erysiphe graminis Powdery mildew of cereals Airborne spores

Com Bacteria Pseudomonas Corn blight Waterborne cells
alboprecipitans

Rice Fungus Pyricularia oryzae* Rice blast Airborne spores
Bacteria Xanthomonas oryzae Rice blight Waterborne cells
Fungus Helminthosporium Rice brown-spot disease Airborne spores

oryzae
Potato Fungus Phytophthora infestans Late blight of potato Airborne spores
From Piller C, Yamamoto K. Gene wars. New York: Beech Tree, 1998;246-7. With permission.

TABLE 42-3 Plant Pathogens



sponding to a potential agroterrorist attack. The Office of
Emergency Preparedness pro vides telephone numbers and
contact information for local and regional agencies that may
be contacted in case of an emergency (22). 

PREPAREDNESS OF THE
MEDICAL COMMUNITY

The Centers for Disease Control and Prevention’s Morbidity
and Mortality Weekly Report has published a number of arti-
cles reflecting the preparedness and response of the medical
community to biological and chemical terrorism and the
recognition of illnesses associated with the intentional re-
lease of such agents (23,24). Reports such as these reinforce
the fact that clinicians remain at the forefront of the recogni-
tion and response to a terrorist attack. 

In June 2003 James James, the director of the American
Medical Association’s Center for Disaster Preparedness and
Emergency Response, announced a coordinated program
that will standardize training for physicians and other clini-
cians against bioterrorism and other mass casualty disasters,
including naturally occurring disasters. The program, enti-
tled Basic Disaster Life Support (BDLS) and Advanced Dis-
aster Life Support (ADLS), will include didactic lectures,
interactive presentations, and computer-generated simula-
tions designed to educate and prepare those clinicians who
are typically tar geted for emer gency medical situations,
namely, emergency and critical care physicians and nurses
and other primary care pro viders, paramedics, allied health
professionals, medical students, emergency medical techni-
cians, and pharmacists (25).

It is conceivable that BDLS and ADLS training provided
might be germane to the v eterinarian to a degree, in that the
veterinarian may be one of the f irst links in the chain of
recognition and response to a mass casualty e vent targeted
specifically toward the agricultural sector . Radford Da vis,
DVM, comments that the reaction to an agroterrorist e vent
depends on the rapidity with which the disease is discovered.
This is supported by the fact that in the United Kingdom, the
2001 foot-and-mouth disease outbreak is thought to ha ve
been so severe because it was not noticed for a week after the
initial introduction (11). Da vis notes that at the f arm level,
the astute veterinarian will play a crucial role in the identif i-
cation of a cluster of e xotic diseases. He notes, moreover,
that although o ver 350 are v eterinarians trained as foreign
animal disease diagnosticians, the thousands of veterinarians
in private practice throughout the United States, as well as
those in both state and federal positions, are not specifically
trained in the diagnosis and management of e xotic zoonotic
illnesses (3). Because v eterinarians as well as other clini-
cians are likely to be at the forefront of the response,it seems
appropriate to allocate funds and to reinforce the education
of those who may be key in thwarting an agroterrorist attack.

PREPAREDNESS OF THE STATE
AND NATIONAL GOVERNMENTS

In her paper entitled “Responding to the Threat of Agroter-
rorism: Specific Recommendations for the United States De-
partment of Agriculture (USDA),” Kohnen recommends a

four-level approach to countering an agroterrorist attack: (a)
at the level of the organism, through disease resistance; (b) at
the farm level, through facility management techniques de-
signed to prevent disease introduction or transmission; (c) at
the level of the agricultural sector, through disease detection
and response procedures, primarily under the auspice of the
USDA; and (d) at the national le vel, through government
policies designed to minimize the socioeconomic costs of a
catastrophic disease outbreak (14). Kohnen recognizes, how-
ever, that the safety of the food supply is not dependent on
the success of only one level of protection, but rather that the
safety of the food supply rests on the success of all four le v-
els acting in concert with one another. For example, although
pest and disease control may be successful at the or ganism
and the farm level, and thus reliance on the agricultural sec-
tor and the government for policy may not be necessary, the
four levels must function together to ensure the safest food
supply available. 

Kohnen recommends the follo wing steps to ensure the
safety of the food supply: (a) the USDA should be ready to
supply vaccines for all List A diseases (Table 42-1) in case of
an outbreak; (b) the USD A should establish a biosecurity
training program to educate f armers on biosecurity best prac-
tices. The program should e xtend to crop f armers in order to
educate them on the risks of monoculture planting and suggest
appropriate means of avoiding long-term harm; (c) the USDA
should increase funding for disease detection and surveillance
technology, such as link ed human and animal disease data-
bases and satellite surv eillance. The agency should increase
funding to the Agricultural Research Service or to private con-
tractors for the de velopment of rapid diagnostic technologies
against foreign animal diseases, and these screening tests
should be available at the state le vel. Kohnen comments that
the Plum Island Animal Disease Center, located off the north-
eastern tip of Long Island, is currently certif ied as a le vel-3
biosafety laboratory. The U.S. level-4 biosafety facilities, lo-
cated at the Centers for Disease Control and Prevention in At-
lanta, Georgia, and at the National Institute of Health in
Bethesda, Maryland, specialize in the research and manage-
ment of diseases that are lethal to humans or ha ve no known
human vaccine available. There is no level-4 biosecurity facil-
ity in the United States for the study of farm animals, although
animal diseases such as West Nile and Nipah viruses can be
fatal to humans. K ohnen recommends, therefore, (d) that the
funds be allocated to upgrade the Plum Island Animal Disease
Center to a biosafety level-4 facility. She further recommends,
(e) that the USDA establish a contingency network of accred-
ited veterinarians in case of an outbreak of a catastrophic dis-
ease; (f) that the USDA prepare a contingency public relations
campaign to restore/promote conf idence in U.S. agricultural
products; (g) that the USDA establish a contingency budget to
fund disease eradication ef forts and compensation costs; and
finally, (h) that the USDA devise a strategy for obtaining very
large amounts of mone y as preparation for a major disease
outbreak and eradication effort.

The recognition of pathogens and the identif ication of
clusters of disease outbreaks represent a signif icant step in
thwarting an agroterrorist attack, but this does represent a ret-
rospective approach to the problem. It has long been recog-
nized that the food supply for the nation is remarkably poorly
protected from corruption by terrorism; it is rather recently ,
however, that government agencies have made preventing an
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agroterrorist attack a fundamental part of their agenda, as 
reflected by changes in budget allocation and heightened leg-
islative measures enacted at the state and national levels.

Note that only a percentage of the mone y requested to
ensure the safety of the nation’ s food supply is allocated to
the USDA. In the budget for fiscal year (FY) 2000, $8 bil-
lion had been allocated to a variety of government agencies
to combat terrorism. The USDA received only 0.15% of that
allocation, about $12 million. The budget for FY 2001,
however, tripled the allocation to the USD A to about $41
million (14,26). The budget for FY 2004 is anticipated to
provide the USD A with $368 million for the purpose of
combating terrorism (27).

Secretary of Health and Human Services Tommy G.
Thompson has led the ef fort to encourage Congress to in-
crease Food and Drug Administration (FDA) funding to
protect the nation’s families from an attack on the food sup-
ply. Nearly 20% of all imports into the United States are
food and food products. The FDA anticipates that the
United States will recei ve over 8 million food shipments
from over 200,000 foreign manuf acturers in 2004—a huge
volume that continues to gro w rapidly. In FYs 2002 and
2003, Congress budgeted more than $195 million for food
safety programs. In President Bush’ s FY 2004 b udget, the
Department of Health and Human Services (DHHS) is re-
questing $116.3 million, an increase of $20.5 million o ver
FY 2003, to further protect the nation’ s food supply (28).
Although augmenting the f inances available to counter a
terrorist attack and to heighten the safety of the food supply
are steps of paramount importance in the preparedness
against agricultural terrorism, it represents only a fraction of
the necessary measures.

A number of states ha ve enacted legislation in an ef fort
to counter the possibility of agricultural terrorism. The Bio-
logical, Chemical, and Agricultural Terrorism Legislation
Database contains a state-by-state synopsis of the legislation
that has been proposed, the sponsoring le gislator, and the
status of the bill within the state’ s legislature. To date, 53
records of proposed legislation have been found, indicating
a heightened awareness of the potential for an agroterrorist
attack and an understanding of the means necessary to
thwart it at the state level (29). 

RESOURCES

The Office of Emer gency Preparedness’ National Disaster
Medical System section is located within the Operations
Branch of the Response Di vision of the Federal Emer gency
Management Agency, U.S. Department of Homeland Secu-
rity. It is primarily responsible for responding to the medical
needs of disaster-affected populations in major emer gencies
and federally declared disasters. By entering the geographical
location into the search site on the web page, one is provided
emergency contact numbers both locally and regionally (22).

The U.S. Department of Agriculture’s web site contains
both contact information for use in the e vent of an emer-
gency and also updated information on current topics of in-
terest; in particular , information on outbreaks of zoonotic
illnesses and food safety (30).
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SUMMARY

Experts in the f ield of agricultural terrorism ha ve
recognized the ease with which a terrorist attack
against the agricultural sector may be promulgated.
Most zoonoses and plant pathogens are not lethal to
humans, making their dissemination less risky to the
perpetrator. The materials necessary to carry out an
agroterrorist attack are readily available, and their use
is neither restricted nor challenging. The surveillance
of livestock and crops is rather poor, making it likely
that an attack will go unnoticed for a period of time.
An agroterrorist attack may be made to mimic a
naturally occurring e vent and e ven be promulgated
without the perpetrator entering the United States.
There exist few ramifications for the perpetrator of an
agroterrorist attack, both legally and morally.

Traditionally, agricultural terrorism is not e xpected
to have a direct impact on human life. The health care
system’s preparation and response to an agroterrorism
attack must be equally nontraditional. The initial
recognition of a successful agroterrorist attack will
likely be achieved by those working at the individual
level within the agricultural sector , namely farm
laborers and o wners, veterinarians, and local
physicians caring for ill f arm workers. Diseases
commonly encountered among plants and animals
may suggest a naturally occurring e vent; diseases
commonly encountered among f arm workers may
suggest a naturally occurring e vent as well. The
diagnosis and recognition of patterns of illness among
individuals within a distinct geographical location or
region will be the initial e vidence that suggests an
offensive. Patterns of disease that suggest agroterrorist
attack may be manuf actured to mimic naturally
occurring plagues and disasters. Only with vigilance
and close communication among local and re gional
health-monitoring agencies will the initial recognition
of an agroterrorist attack be made. Once the of fense
has been recognized, local and re gional health-
monitoring agencies will interv ene to quarantine and
to treat the infected, to limit the interaction between
exposed livestock and plants and their respecti ve
markets, and lastly to heighten the security
surrounding the uninfected in an ef fort to maintain a
safe and reliable market. On a larger level, agricultural
and governmental agencies will work hand in hand in
an effort to secure the safety of the agricultural goods
available, as well as to encourage conf idence in the
safety and security of U.S. agriculture.

The references in this chapter contain a number of en-
tries on published articles and current information that may
provide a great deal of detailed information to clinicians
and veterinarians. The web pages cited are updated as in-
formation is obtained and reflect the e ver-changing nature
of the world in which we live.
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INTRODUCTION

A mass fatality incident is a situation resulting in loss of
life that exceeds death investigation resources in the local
community (1). Both natural and humanmade disasters
may potentially produce this le vel of devastation. In 2001,
an earthquake in India killed o ver 20,000 people (2). The
crash of TWA flight 800 in Long Island in 1996 resulted in
230 deaths (3). Terrorism is a growing threat to human life
around the world, and the United States is not immune. In
1995, the bombing of the Alfred P. Murrah Federal Build-
ing in Oklahoma City , Oklahoma, claimed 168 li ves (4).
The terrorist attacks of September 11, 2001, took thousands
of innocent li ves at three locations in Washington, D.C.,
New York, and Pennsylvania. In this event, one of the worst
terrorist events in recorded history , more than 3,000 indi-
viduals of v aried racial and ethnic background lost their
lives. (5). This horrific attack laid credence to the devastat-
ing and widespread impact mass fatality events can have on
survivors, rescue workers, the community, the nation, and
the world at large.

Management of the f atally wounded is an often o ver-
looked but important part of disaster preparedness and re-
sponse. As in all cases of unnatural death, there are a number
of legal implications for mass fatalities including the identifi-
cation of the deceased, the determination of the cause of
death, and the assignment of responsibility for the disaster
event (6). A mass fatality incident due to terrorism may have
additional ramifications such as protection of rescue person-
nel and decontamination of human remains and typically in-
volves a more comple x investigative response. Every com-
munity must be aware of the implications of a mass f atality
incident and the specialized support services required. Such
an event may overwhelm local response ef forts. Therefore,
jurisdictions should establish prearranged plans for dealing
with this situation that must include coordinated efforts with
other agencies.

The purpose of this chapter is to

1. Describe how mass f atality management is inte grated
into the overall disaster response.

2. Describe the operational areas of a mass f atality response
and key areas to be included in disaster preparedness plans.

3. Discuss special considerations in mass f atality manage-
ment due to terrorism.

4. Identify local, state, and federal resources used in mass
fatality incidents.

PREPAREDNESS ESSENTIALS 

OVERVIEW OF A MASS 
FATALITY INCIDENT

The overall response to a mass f atality incident can be di-
vided into three phases (1). The initial phase begins when
the first responder arri ves at the location of the disaster .
This person, usually a public safety officer (police, fire, or
emergency medical services), may become the incident
commander of the e vent. The incident commander as-
sesses the situation, activates the disaster plan, and coordi-
nates the acti vities of the responding agencies. After the
community disaster plan is acti vated, the second phase of
response begins. At this point the incident command sys-
tem (ICS) becomes operational, and senior public safety
officers assume lead roles. La w enforcement and f ire de-
partment personnel secure the scene, control environmen-
tal hazards, and assist with rescue ef forts. Emergency
medical services (EMS) personnel perform triage, provide
stabilizing medical care, and transport survivors to nearby
medical facilities. Additional resources are obtained as
needed. During the first two phases of the response, rescue
efforts are focused on the safe rescue of potentially li ving
victims. The final phase is the resolution phase, which in-
volves removal and transport of any human remains, coor-
dination of morgue services, notification of relatives, and
community support. Unlik e previous phases of the re-
sponse, this phase is no longer focused on life and prop-
erty preservation (7). It is during this last phase that the
local medical examiner or coroner (MEC) acts as incident
commander to coordinate these activities. 
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A disaster becomes a mass f atality incident when local
resources are overwhelmed and unable to manage the num-
bers or types of f atalities created by the event. The MEC is
central to managing such e vents and is responsible for the
following:

� Scene operations: search and recovery of human re-
mains; initial evidence recovery

� Morgue operations: identification and processing of
human remains, including the determination of the
cause of death

� Family assistance center (FAC): antemortem informa-
tion, identification notification, care of families (8)

After it is determined that an event involves fatalities, the
information shown in Table 43-1 should be conveyed to the
MEC during the initial notification process.

OPERATIONAL AREAS IN A MASS 
FATALITY INCIDENT RESPONSE 

After the incident commander has determined that the disas-
ter site is safe, the initial evaluation team (consisting of at
least the MEC, the operations director, and the chief investi-
gator from the local medical e xaminer’s office) should pro-
ceed to the location (8). 

There are three major operational areas of a mass fatality
response: search and recovery, morgue operations, and fam-
ily assistance (9).

Search and Recovery
During mass fatality events, search and recovery activities
usually involve locating and remo ving bodies, body parts,
and personal effects. Personal effects are those items carried
by, or being transported with, an individual. Every mass fa-
tality site should be regarded as a crime scene unless other-
wise indicated by the MEC. Only authorized indi viduals
should be allowed within the secure perimeter. Relatives of
victims should be referred to the FAC.

The appropriate authorities must readily identify safety is-
sues, such as the stability of a building in a structural collapse.
The MEC should work with the incident command center and
other agencies (i.e., hazmat) to determine the existence of any
hazards and what actions should be taken to mitigate them, in-
cluding the level of personal protective equipment required by

rescue/recovery personnel. The MEC must ha ve a sufficient
number of people capable of functioning in a contaminated
area. Universal precautions should be maintained at all times.
Search and recovery of the remains should not take place until
it is determined that the site is safe. 

Every body, body part, or personal belonging is identified
and tagged with a unique number . During all operations,
bodies and body parts should be treated in a respectful and
dignified manner. If possible, human remains should be cov-
ered or shielded from public view. If the bodies are scattered
over an extensive area, a grid system is utilized in an effort to
document the location, assist in recreation of the scene, and
further the investigative process (7). Reco very and removal
of the remains occurs after the search and tagging of a grid
sector has been completed. Unless the remains are in danger
of destruction, disintegration, or decomposition, bodies
should not be moved from the scene until after the arri val of
the MEC. If an y of these dangers e xist, bodies should be
moved immediately to a safe f atality collection point (6).
The fatality collection point is a location where the bodies
can be temporarily placed until a temporary morgue can be
established. The temporary morgue is used as a holding area
until the mor gue examination center (for mor gue opera-
tions) is established (8). Some sources refer to the tempo-
rary morgue as the site for mor gue operations (6). Some-
times the MEC’s existing facilities may be the optimal site
for morgue operations (7). For example, during the terrorist
attack on the World Trade Center, additional morgue facili-
ties were not needed as most human remains were crushed,
fragmented, or commingled. Instead, innovative methods
for DNA analysis were implemented using ne w computer
software to assist with the identification process of every bit
of human remains recovered (10).

Morgue Operations
Morgue operations are divided into several different stations
to record and pro vide information about the deceased for
eventual comparison to antemortem records. This informa-
tion is used to conf irm identification and establish the f acts
surrounding the death. Each body is escorted through each
of the stations to ensure that (a) the remains are not mix ed
up with other remains, (b) documentation is complete, and
(c) proper respect is paid to the deceased at all times (7).
Any form of identif ication (i.e., driver’s license) found in
the vicinity of a body may pro vide information useful in 

TABLE 43-1  Information Provided to the Medical Examiner or Coroner
During Notification of a Mass Fatality Incident (7)

• Type of incident (i.e., structural collapse, biochemical hazard, explosive device, fire)
• Location
• Estimated number of fatalities
• Condition of bodies (i.e., fragmented, burned)
• Demographics of those killed including any hazardous conditions (i.e., entrapment,

chemical contamination)
• Ongoing response actions
• Response agencies currently involved



426 Section 11 Special Considerations for Terrorist Events

uncovering the identity of the victim. Such f indings, how-
ever, do not conf irm the victim’s identification (9). Trau-
matic injury resulting from the disaster e vent may cause
significant distortion of body habitus and f acial features,
thereby complicating the timely and accurate identif ication
of the victim. The MEC may request assistance from e x-
perts in pathology , anthropology, dentistry, mortuary af-
fairs, search and reco very, and others as needed to assist
with the identification process. 

In the mass fatality morgue, identification procedures are
initiated as follows (1):

� In-processing station—initiates all chain-of-custody
documents, which allows the tracking of remains

� Photography and full-body radiology station—photo-
graph remains as they are received; full-body radiology
may be done to locate an y objects or personal ef fects
embedded within the remains

� Personal effects station—clothing and jewelry are col-
lected, documented, and stored

� Fingerprint station—digit and foot impressions are
taken 

� Medical radiology station—additional radiography
may be done as indicated to assist with determining
the cause of death

� Pathology station—an autopsy is performed to estab-
lish the manner of death during which tissue samples
may be taken for laboratory tests and DN A analysis
(as indicated by protocol only)

� Dental station—postmortem dental f ilms are tak en
and compared to antemortem dental records to assist
in victim identification

� Physical anthropology station—skeletal measure-
ments and anthropomorphic tables are utilized to de-
termine approximate age, sex, and racial origin 

� Mortuary science station—the remains are prepared for
repatriation; embalming or other preserv ative process
may also be indicated 

After identification of the remains is completed, relatives
should be contacted in an expedient fashion by the MEC or a
designee. Psychosocial and religious support services should
be readily available. If cremation is necessary to a void sec-
ondary contamination or spread of disease, it should not un-
dertaken in the mass f atality morgue (6). In most circum-
stances, as soon as the identif ication is conf irmed, the
remains should be released and moved to a place designated
by the family. Personal effects should be returned to the fam-
ily as soon as possible. Unidentif iable bodies can be em-
balmed and stored pending further investigation (6).

Family Assistance Center
The site for the f amily assistance center should be estab-
lished quickly utilizing locations such as in a hotel, confer-
ence center, school, or church. While the FAC should not be
too close to the disaster scene, it should be easily accessible
to families and provide adequate accommodations for those
relatives coming from distant locations. Access to the F AC
should be secure and limited to f amily members of victims
only while providing adequate privacy and protection from
media representatives. Individual meetings are conducted
with families of the victims to collect antemortem data,
which may be utilized in the identification process. Briefings
by the MEC or staff should be performed at least twice daily
to keep the families informed about the progress of the inves-
tigation and identification process. Grief counselors or reli-
gious support personnel should be present when the MEC
notifies the family that victim’s identification has been con-
firmed. The American Red Cross (ARC) or other appropriate

TABLE 43-2 Preparedness Essentials for Mass Fatality Incidents

OPERATIONAL AREA TASKS RESOURCESa

Search and recovery Safety Law enforcement, fire, hazmat teams
Search and recovery Local: police, fire, rescue personnel, MEC

Federal: USAR , DMORT 
Transportation Contract services (refrigerated trucks),

funeral homes, military, other
government agencies

Morgue operations Location Local morgue. If temporary morgue
facility needed—large building with
adequate ventilation, basic utilities, and
controlled access

Additional resources Local: pathology, anthropology, dentistry,
mortuary affairs staff
Federal: FBI, DMORT

Family assistance Location Hotel, conference room, or church
center Support services Mental health, religious, social support

groups; volunteer agencies such
as ARC, SA

ahazmat, hazardous materials; MEC, medical examiner or coroner; USAR, urban search and rescue;
DMORT, Disaster Mortuary Operations Response Team; FBI, Federal Bureau of Investigation; ARC,
American Red Cross; SA, Salvation Army.



agency may assist with family support, transportation, hous-
ing, supplies, and volunteer coordination. Medical and men-
tal health professionals as well as religious cler gy should be
readily available. In addition, phone banks, computer/Inter-
net access, and meal service may be pro vided to families at
the FAC. Table 43-2 provides an overview of preparedness
essentials for mass fatality incidents. 

LOCAL, STATE, AND FEDERAL RESOURCES 
FOR MASS FATALITY MANAGEMENT

If it is determined that additional resources are needed, the
county should declare a local emer gency and call upon state
resources for assistance that in turn may petition for federal re-
sources as needed. Several local organizations may be a valu-
able resource in any mass fatality response. Twenty-four-hour
contact information for the follo wing agencies or resources
should be included in the mass fatality response plan (7,11):

Local Resources
� MEC and staff
� Local urban search and rescue group 
� Refrigerated truck service
� Utility services—phone, water, gas, electricity 
� Food services
� Mental health support services 
� Religious support services 
� National Guard or Army Reserve unit
� Forensic anthropologist
� Site support services—for custodial and site 

maintenance
� Communications and information systems support
� Media services—to disseminate information 
� Public health department

State Resources
� State emergency management
� Department of public safety—crime lab
� State health laboratory—coordinates with Centers for

Disease Control and Prevention
� State board of funeral directors and embalmers
� State funeral directors association

Federal Resources
� National Disaster Medical System—Disaster 

Mortuary Operations Response Team (DMORT)
� Department of Justice—Federal Bureau of Investiga-

tion (FBI)
� Department of Defense—Office of the Armed Forces

Medical Examiner (OAFME)
� National Transportation and Safety Board (NTSB)
� Bureau of Alcohol, Tobacco, and Firearms (ATF)
� Centers for Disease Control and Prevention (CDC)

Volunteer Resources
� American Red Cross
� Salvation Army
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� Critical incident stress debriefing network
� Private: dental association-disaster team
� National Funeral Directors Association
� National Association of Medical Examiners

Federal resources may be called on to assist with state
and local efforts in a mass fatality incident. Within the U.S.
government’s Federal Response Plan, under the direction of
the Federal Emergency Management Agency (FEMA), the
National Disaster Medical System (NDMS) pro vides med-
ical assistance, victim identification, and mortuary services
during mass f atality events. Disaster Mortuary Operations
Response Teams (DMORT) are a critical component of the
NDMS and consist of forensic scientists (anthropologists,
dentists, and pathologists), funeral directors, embalmers,
medical records technicians, medico-legal investigators, and
specialists in mass f atality management. DMOR T teams
may only be acti vated for disaster e vents with presidential
declarations providing functional support to the local MEC.
However, via mandate, OAFME is required to investigate all
federal and military crashes and deaths (12). Therefore,
OAFME was the lead agency for the fatality investigation at
the Pentagon on September 11, 2001, and the MEC in Ar-
lington, Virginia, was not involved. OAFME maintains the
right of first refusal for incidents involving nonmilitary fed-
eral buildings such as in the Oklahoma City bombing where
the local MEC w as in charge of the f atality investigation.
OAFME’s staff can respond to nonmilitary mass fatality in-
cidents if a special request is made (12). The FBI may be 
involved to assist with the identif ication of victims and to
investigate criminal acts such as terrorism (13). NTSB is
tasked with assisting the recovery of fatalities from aviation
accidents as mandated by the F amily Assistance Act of
1996. The identification process for these fatalities however,
remains under the jurisdiction of the local MEC (14). 

SPECIAL CONSIDERATIONS 
IN MASS FATALITY MANAGEMENT
DUE TO TERRORISM

Chemical Contamination
All personnel working with the MEC must be appropriately
trained and equipped to operate in hazardous conditions.
With proper handling and decontamination, the majority of
chemically contaminated remains may be safely returned to
their families for burial. All personnel should be trained in
the proper use of Le vel C personal protecti ve equipment
(PPE), and a select number of individuals should be trained
in the use of Levels A and B PPE. The MEC may train per-
sonnel to use PPE through mutual aid agreements with
local fire departments, hazmat teams, or local/state en vi-
ronmental protection agencies. Additional assistance can be
provided from the FBI, local law enforcement, the fire de-
partment, and/or specialized military teams. At the current
time, DMORT has one weapons of mass destruction team
for the nation capable of decontaminating chemically con-
taminated remains and monitoring them to ensure the y are
free of chemical agents. DMORT should be included in any
mass fatality response, and chemical incidents due to ter-
rorism are no exception. In their disaster plan, MEC should
have an annex that outlines the specialized equipment and
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The off-site mass fatality morgue for a chemical incident
requires specific modifications in the traditional mor gue
set-up. In addition to an autopsy area and identification sta-
tion, the off-site morgue must have adequate room for (a) 
a detailed decontamination station, (b) an embalming sta-
tion, and (c) a final rinse station. All remains must undergo
a detailed decontamination, using bleach or a soap solution,
prior to the performance of an autopsy or embalming. If the
decontamination is performed in a closed area, it must be
well ventilated. Decontamination acti vities should tak e
place in an area separate from the embalming acti vities as
some decontamination solv ents (such as bleach) create
toxic reactants when mix ed with embalming fluid. Em-
balming not only allows easier storage of remains b ut also
provides for a more accurate contamination reading from
chemical agent monitors (15). After remains are decontami-
nated, there should be little threat to mortuary w orkers for
chemical off-gassing or secondary contamination as most
chemicals (with the exception of cyanide) are metabolized,
hydrolyzed, or tightly bound in the body’ s tissues (15). 

procedures to be used for these e vents. The annex should
include a list of PPE, ventilation fans, decontamination
supplies, water run-off containers, waterproof tracking
tags, and refrigerated storage units (15). 

In the e vent of an incident in volving chemical agents,
the MEC should consult with the incident commander at
the scene to determine the appropriate le vel of PPE re-
quired. The MEC must be prepared to establish a prelimi-
nary morgue at the incident site in order to gather evidence
from the remains before the y undergo decontamination
during which evidence may be lost or obliterated. An initial
evaluation team should enter the potentially contaminated
zone or hot zone and make an assessment to develop a plan
for the best approach for processing the remains. It is rec-
ommended that this team include the MEC or designee, an
FBI hazmat technician, a law enforcement evidence collec-
tion technician, and a forensic odontologist (15). Common
additives to the decontamination solution utilized for the
gross decontamination process include soap and bleach
(sodium hypochlorite) (16).

TABLE 43-3 Mass Fatality Management in Terrorist Incidents

TYPE OF THREAT RESOURCESa SUPPLIESa

Chemical Mutual agreements for training with local fire PPE, ventilation fans,
departments, hazmat teams, local private decontamination supplies, water run-off
industrial hazmat teams, or local/state containers, waterproof tracking
environmental protection agencies or tags, refrigerated storage units,
subcontractors; FBI, local law chemical detection monitors
enforcement, fire department, and/or
supporting specialized military teams;
DMORT

Nuclear Radiation safety officials PPE, decontamination supplies, radiation
detection monitors

Biological Public health department; CDC PPE, infection control supplies
aPPE, personal protective equipment; hazmat, hazardous materials; FBI, Federal Bureau of Investigation; DMORT, Disaster Mortuary Operations
Response Team; CDC, Centers for Disease Control and Prevention.

TABLE 43-4 Examples of Significant Fatal Terrorist Incidents (5, 21, 22)

DATE LOCATION TYPE OF ATTACK NUMBER OF FATALITIES

2001 World Trade Center, Pentagon, and Crashing of
site in Pennsylvania—United States hijacked aircraft 3,031

2001 Eastern seaboard—United States Biological
(anthrax) 5

2000 U.S.S. Cole Explosive device 17
2000 Church bombing—Tajikstan Explosive device 7
1998 Pipeline bombing—Columbia Explosive device 71
1998 U.S. Embassy—East Africa Explosive device 291
1997 Tourist killings—Egypt Shooting 58
1996 Bus attack—Jerusalem Explosive device 26
1995 Oklahoma federal building—United

States Explosive device 166
1995 Tokyo subway—Japan Chemical (sarin) 12
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TABLE 43-5 Mass Fatality Management Preparedness Checklist

TASK TO PERFORMa COMPLETED

Communication • Establish a notification system and mechanism for contracting the MEC
• Establish a system to communicate between scene operations, morgue

operations, and FAC
• Establish a computer system to assist with documentation

and tracking
Hazard detection and • Establish training in use of PPE for MEC and staff

decontamination • Develop decontamination plan related to scene and
morgue operations

• Maintain additional resources for a hazardous event (i.e., additional
biohazard bags, PPE)

Safety and security • Work with police, fire department, and local hazmat teams to
identify potential safety and security issues and mechanisms
to handle them

Scene operations • Establish mutual agreements with local agencies for supplies
(search and recovery) and human resources

• Develop a mechanism for additional resources specific to
the recovery and care of the deceased (i.e., substantial
body bags)

• Establish documentation system for search and recovery
• Establish a mechanism for search and recovery of

the deceased
• Establish a mechanism for transportation of bodies to the

site of morgue operations
• Identify mechanism to solicit support from state and federal

resources such as DMORT to assist with all aspects of the
mass fatality response

Morgue operations • Establish mutual agreements with local agencies or supplies
and personnel assistance 

• Identify potential locations for temporary morgue
• Identify resources for additional supplies and personnel for

morgue operations
Recovery operations • Identify lead agency such as the ARC to take charge

(FAC) of FAC
• Identify and establish mutual agreements with other support

resources for FAC
aFAC, family assistance center; MEC, medical examiner or coroner; PPE, personal protective equipment; hazmat, hazardous 
materials; DMORT, Disaster Mortuary Operations Response Team; ARC, American Red Cross.

During the autopsy of chemically contaminated remains, the
performance of specialized testing may be necessary to de-
tect chemical contaminants or residual metabolites. If the
integrity of evidence is suspect, it should be packaged in a
manner that pre vents cross-contamination b ut does not 
destroy the evidence (15).

Nuclear Contamination
Deaths from nuclear contamination may occur as a result of
the initial blast ef fect that occurs with the detonation of a
nuclear device. On arrival to the incident scene, at the direc-
tion of the incident commander , the MEC should approach
the scene with a radiation authority escort, an individual
who is knowledgeable and experienced in radiation safety .
This person has the capability to monitor and pro vide ad-
vice on contamination and e xposure control for radiation 

incidents. If PPE is recommended, the clothing will lik ely
be similar to the clothing w orn for protection of air - and
blood-borne pathogens. Remains should not be touched dur-
ing the initial e valuation until a radiation surv ey has been
completed and the areas of contamination are identif ied.
Gross decontamination of the remains is then performed by
removal of all outer clothing that essentially removes the ma-
jority of radioactive contaminants. Removed clothing should
remain at the incident site for proper disposal by a clean-up
team. The radiation authority will use standard contamina-
tion control practices such as dosimetry monitoring, double
bagging, and tagging. Following gross decontamination, the
radiation authority performs a second radiation contamina-
tion survey. If contamination is still present, the remains are
placed in a body bag and labeled with a radiation tag that
identifies the le vel of contamination. Remains that are
free of radiation after gross decontamination are turned over
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to the MEC for processing. Contaminated remains are trans-
ferred to an additional f acility for further decontamination.
Dry decontamination is first attempted. This process first in-
volves removing clothing and then particulate matter either
by brushing it of f or applying stick y tape to the af fected
areas. If this process is not successful, wash and rinse is
conducted. If it is determined that internal contamination
exists, the MEC should work closely with the radiation au-
thority to determine the optimal method of decontaminat-
ing, processing, and disposing of the remains. A higher
medical authority such as the Radiation Emer gency Assis-
tance Center/Training Site (REAC/TS) may be consulted as
needed (17).

Biological Weapons
Biological weapons have the potential to cause a mass num-
ber of fatalities. The mortality rate from untreated anthrax is
20% (18). Smallpox is one of the highest-threat bioterrorism
agents, with a fatality rate of 30% (18).

In a bioterrorist attack, signs and symptoms of illness
may be delayed for hours to weeks and may mimic naturally
occurring disease processes. Mass f atalities that occur as a
result of a biological incident may present at different times
and in different locations. Most initial diagnostic studies are
often nonspecific, and few laboratories are equipped with
the sophisticated tests required to def initively identify spe-
cific pathogens. Special safeguards need to be emplo yed to
prevent contamination in laboratory w orkers during the
process of identifying the biological agent. F or example,
smallpox and various viral hemorrhagic fevers should only
be isolated in laboratories with Biosafety Level (BSL) 4 ca-
pabilities. There are only two BSL 4 facilities in the United
States: the Centers for Disease Control and Pre vention
(CDC) and the U.S. Army Medical Research Institute (US-
AMRIID) (19). All MEC and staf f must adhere to strict

guidelines for wearing PPE when a biological hazard is sus-
pected. Although active biological agents may persist within
the remains, the survivability of pathogens in corpses has
not been studied (19). Remains contaminated with certain
agents such as cholera, tuberculosis, plague, smallpox, yel-
low fever, or viral hemorrhagic fever may require embalm-
ing (16). All remains suspected of biological contamination
should be placed in body bags and tagged appropriately to
indicate the type of contamination prior to disposition. In
the case of smallpox, the body should be wrapped in a large,
impervious plastic bag, or disaster pouch, and sealed air-
tight with tape. The body should be then sealed in a second
large, impervious plastic bag prior to transportation (20).
Final disposition of the bodies will be at the discretion of
the CDC and other authorities. A summary of preparedness
efforts in a mass fatality response is provided in Table 43-3.

PREPAREDNESS HISTORIC EVENTS 
AND CASE HISTORIES

Table 43-4 lists recent signif icant terrorist attacks resulting
in fatalities.

These horrific acts of violence clearly demonstrate the
willingness of terrorists to tar get large numbers of innocent
people. Explosive devices are the most commonly used
weapons resulting in fatal injuries. Although the potential to
cause massive fatalities exists for nuclear terrorism, no sig-
nificant events have occurred. This is most likely due to the
difficulties encountered with obtaining isotopes, develop-
ment, and successful detonation of such a device. The recent
bioterrorism attacks utilizing letters to disseminate anthrax
spores was unprecedented and w as the first time a classical
biological warfare agent w as successfully used ag ainst a

TABLE 43-6 Internet Resources for Mass Fatality Management

Mass fatality National Mass Fatalities www.nmfi.org/index.htm
management Institute
(general) Joint Tactics, Techniques, and www.dtic.mil/doctrine/jel/new_pubs/jp4_06.pdf

Procedures for Mortuary
Affairs in Joint Operations

National Association of www.dmort.org
Medical Examiners’ Mass
Fatality Plan and DMORT

Chemical U.S. Army Soldier and http://hld.sbccom.army.mil/downloads/cwirp/guidelines_
Biological Chemical mass_fatality_mgmt.pdf
Command (SBCOM)

Biological Centers for Disease Control www.cdc.gov
Honolulu Biological Incident www.bt.cdc.gov/documents/regmeetingslides/lraine.pdf

Response
Biological Warfare Mass http://www.emedicine.com/emerg/topic896.htm

Casualty Management
Radiation Radiation Emergency http://www.orau.gov/reacts

Assistance Center/Training
Site (REAC/TS)

http://www.nmfi.org/index.htm
http://www.dtic.mil/doctrine/jel/new_pubs/jp4_06.pdf
http://www.dmort.org
http://hld.sbccom.army.mil/downloads/cwirp/guidelines_
http://www.cdc.gov
http://www.bt.cdc.gov/documents/regmeetingslides/lraine.pdf
http://www.emedicine.com/emerg/topic896.htm
http://www.orau.gov/reacts
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20Mass%20Fatality%20Plan%20with%20appendices.pdf. Ac-
cessed October 1, 2003.

9. Ralph TH. Mass fatality management: what industry response
teams should kno w. 1999. http://www.disaster-resource.com/
cgi-bin/article_search.cgi?id='103'. Accessed June 1, 2003.

10. Corp GC. 9-11 victim identif ication project results in one-of-
a-kind software for mass fatality situations. 2003. Available at:
www.forensicfocusmag.com/hotnews/39h1610414.html. Ac-
cessed September 1, 2003.

11. Maricopa County A. Emergency Support Function #14 Mortu-
ary Services Annex. 1998. Available at: http://www.dem.state.
az.us/serrp/esf14.pdf. Accessed June 1, 2003.

12. Sledzik PS. Federal resources in mass disaster response.
CRM; 1996.

13. Federal Bureau of In vestigation. Congressional Statement.
2002. Available at: www.fbi.gov/congress/congress02/mef-
ford040202.htm. Accessed August 1, 2003.

14. National Transportation Safety Board. Transportation disaster
assistance. 2001. Available at: www.ntsb.gov/Family/family.
htm. Accessed August 1, 2003.

15. U.S. Army Soldier and Biological Chemical Command. Guide-
lines for mass fatality management during terrorist incidents in-
volving chemical agents. 2001. Available at: http:// www2.sbc-
com.army.mil/hld/downloads/cwirp/guidelines_mass_fatality_
mgmt.pdf. Accessed June 1, 2003.

16. Fulford CW. Joint tactics, techniques, and procedures for
mortuary affairs in joint operations. 1996. Available at: www.
dtic.mil/doctrine/jel/new_pubs/jp4_06.pdf. Accessed August
1, 2003.

17. U.S. Department of Ener gy. Model procedure for medical e x-
aminer/coroner on the handling of a body/human remains that
are potentially radiologically contaminated. 2002. Available at:
http://www.em.doe.gov/otem/coronerv2.pdf. Accessed Septem-
ber 1, 2003.

18. Henderson DA, Inglesby TV, Bartlett JG, et al. Smallpox as a
biological weapon: medical and public health management:
Working group on ci vilian biodefense. JAMA 1999;281(22):
2127-37.

19. Jagminas L, Marcozzi DE, Mothershead JL. CBRNE-biological
warfare mass casualty management. 2001. Available at: http://
www.emedicine.com/emerg/topic896.htm. Accessed September
1, 2003.

20. Centers for Disease Control and Pre vention. Guide D: Speci-
men collection and transport guidelines. Available at: www.
cdc.org. Accessed September 1, 2003.

21. U.S. Department of State. Significant terrorist incidents, 1961–
2001: a brief chronology. 2001. Available at: http://www.state.
gov/r/pa/ho/pubs/fs/5902.htm. Accessed August 1, 2003.

22. Johnston WR. Worst terrorist attacks-U.S. and Worldwide.
2003. Available at: http://www.johnstonsarchive.net/terrorism/
wrjp255i.html. Accessed October 1, 2003.

23. Dolnik A, Jason P. 2001 WMD terrorism chronology . 2002.
Available at: http://cns.miis.edu/pubs/reports/cbrn2k1.htm. Ac-
cessed August 1, 2003.

civilian population (23). Although there were fe w fatalities,
this was a rude awakening of the potential threat of bioterror-
ism and the use of unconventional methods in terrorist events. 

PREPAREDNESS CHECKLIST 
AND SUMMARY FOR MASS 
FATALITY MANAGEMENT

The National Association of Medical Examiners’ Mass Fa-
tality Plan is an excellent resource for detailed information
on logistical needs in a mass f atality response (8). A gen-
eral mass f atality preparedness checklist is pro vided in
Table 43-5.

RESOURCES FOR MASS FATALITY 
PREPAREDNESS AND RESPONSE 
TO TERRORISM

Refer to Table 43-6 for Internet resources for mass f atality
management.
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Cyberterrorism
Brian Krakover

INTRODUCTION

In the past, most terrorist attacks have aimed to directly kill,
injure, or intimidate a tar get group for political purposes.
This has usually meant a bomb or shooting, which health
care professionals can readily identify and treat according to
preexisting standards. There is a new threat that can be po-
tentially devastating to a health care system already bursting
at the seams with high patient v olume and acuity that is
evermore dependent on computer systems for patient man-
agement and safety: cyberterrorism (1).

PREPAREDNESS ESSENTIALS

Cyberspace is constantly under assault. Spies, thieves, sabo-
teurs, and thrill seekers break into computer systems, steal
personal data and trade secrets, vandalize web sites, disrupt
service, sabotage data and systems, launch computer viruses
and worms, conduct  fraudulent transactions, and harass in-
dividuals and companies (2). These attacks are f acilitated
with increasingly powerful and easy-to-use software tools,
which are readily available for free from thousands of web
sites on the Internet (3).

Cyberterrorism involves attacks on computers and net-
works and the information they contain. Computer networks
have been attack ed during recent conflicts in K osovo,
Kashmir, and the Middle East. However, with American so-
ciety increasingly interconnected and e ver more dependent
on information technology, terrorism experts worry that cy-
berterrorist attacks could cause as much devastation as more
familiar forms of terrorism (4). “Terrorists could cause a hell
of a lot more damage taking out a po wer grid than blowing
up a building,” says Matt Yarbrough, former head of the Cy-
bercrimes Task Force in the Justice Department (5).

Experts believe there are two major cyberterror scenarios
we should be concerned with:

1. The physical threat: compromising critical systems to
severely affect critical physical infrastructure, such as

power grids, water and sewer systems, dams, hospital
equipment, pipelines, communications, global position-
ing satellites, air traffic systems, or any other networked
system, which would result in death and/or destruction. 

2. The critical data threat: compromising critical computer
systems to steal or irreversibly damage vital data, such as
the Social Security database, a large financial institu-
tion’s records, or secret military documents, which
would result in death, destruction, and/or catastrophic
economic turmoil (3).

Terrorists might also try to use c yberattacks to amplify
the effect of other attacks. F or example, they might try to
block emergency communications or cut of f public utilities
in the wake of a bombing or a biological, chemical, or radia-
tion attack. Many experts say this kind of coordinated attack
might be the most effective use of cyberterrorism (2-4).

Attacks launched in c yberspace could in volve diverse
methods of exploiting vulnerabilities in computer security:
computer viruses, stolen passwords, insider collusion, soft-
ware with secret “back doors” that intruders can penetrate
undetected, and orchestrated torrents of electronic traf fic
that overwhelm computers—which are known as “denial of
service” attacks (Table 44-1). A good example is the Code
Red worm. On July 19, 2001, more than 359,000 comput-
ers connected to the Internet were denied service after
being infected with the Code Red (CRv2) w orm in less
than 14 hours. The cost of this epidemic, including subse-
quent strains of Code Red, is estimated to be in e xcess of
$2.6 billion (6) (T able 44-2). Attacks could also in volve
stealing classified files, altering the content of Web pages,
disseminating false information, sabotaging operations, eras-
ing data, or threatening to divulge confidential information or
system weaknesses unless a payment or political concession
is made (6).

TERRORIST THREATS

The Al Qaeda netw ork uses the Internet, encryption soft-
ware, and other current information technologies to link its
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members, plan attacks, raise funds, and spread propaganda
(6,7). Other designated terrorist groups such as Hamas and
the Lebanese Hezbollah ha ve publicly accessible web sites
for espousing propaganda and perhaps for command and con-
trol purposes as well (6). Using the Internet for communica-
tion, command and control is much easier than inflicting
damage through the Internet. U.S. officials reportedly believe
al-Qaeda has been training members in c yberattack tech-
niques, and U.S. computer logs and intelligence gathered in
Afghanistan both indicate that the group has scouted systems
that control American energy facilities, water distribution,
communication systems, and other critical infrastructure (6).

Admittedly, cyberattacks often lack the drama of tradi-
tional terrorist attacks, so they might not be attracti ve to
some terrorist groups. Hack ers who dislike America might
also decide to perpetrate an attack independently. Following
the April 2001 collision of a U.S. Navy spy plane and a Chi-
nese fighter jet, Chinese hackers launched denial of service
attacks against American web sites (8).

FEDERAL SECURITY EFFORTS

One of the f irst moves in America’s new war on terrorism
took place September 5, 2001, six days before the attacks

on the World Trade Center and the Pentagon. The target
was a Richardson, Texas, company called InfoCom that
hosts Arabic web sites. An 80-person terrorism task force
launched a three-day raid that closed 500 Internet sites,
froze bank accounts, and seized information from the com-
pany's hard drives (9). 

In February 2003 the White House released its National
Strategy to Defend Cyberspace (1). It is intended to be a com-
prehensive plan to protect the nation’s critical resources from
cyberattack. The Department of Homeland Security is the
lead agent for state, local, private sector, and academic out-
reach efforts. In June 2003 the Department of Homeland Se-
curity created the National Cyber Security Di vision (NCSD)
to deal specifically with cyberterrorist threats (11). The FBI
has created a National Infrastructure Protection Center , or
NIPC, specifically to deal with cyberterror (10). The CIA cre-
ated its own group, the Information Warfare Center, staffed
with 1,000 people and a 24-hour response team. The Air
Force created Electronic Security Engineering Teams,
ESETs, in which teams of tw o to three members go to ran-
dom Air Force sites and try to gain control of their computers.
The teams have had a success rate of 30% in gaining com-
plete control of the systems (10). N ASA created the Auto-
mated Systems Incident Response Capability (N ASIRC) to
assist in complying with a range of federal policies, laws,
and regulations pertaining to unclassif ied and classif ied 
information technology security. NASIRC provides security

TABLE 44-1 Types of Computer Attacks (13)

Computer viruses Programs that could be fed into an enemy’s computers either remotely or by “mercenary”
technicians.

Logic bombs A type of virus that can lie dormant for years, until, upon receiving a particular signal, it wakes
up and begin attacking the host system.

“Chipping” Placing booby-trapped computer chips into critical systems sold by foreign contractors to
potentially hostile third parties (or recalcitrant allies?).

Worms Programs whose purpose is to self-replicate ad infinitum, thus eating up a system’s resources.
Trojan horses Malevolent code inserted into legitimate programming in order to perform a disguised function.
Back doors and trap A mechanism built into a system by the designer, in order to give the manufacturer or others the

doors ability to “sneak back into the system” at a later date by circumventing the need for access
privileges.

Denial of service Blocking network access to a group of computers or even entire domains on the Internet.

TABLE 44-2 Estimated Economic Damages from Recent Computer Attacks

YEAR VIRUS/ WORM ESTIMATED DAMAGE IN U.S. DOLLARS

1999 Melissa virus $80 million
2000 Love bug virus $10 billion
2001 Code Red I and II worms $2.6 billion
2001 Nimda virus $590 million–$2 billion
2002 Klez worm $9 billion
2003 Slammer worm $1 billion
Source: Swartz R. Cops take a bite, or maybe a nibble, out of cybercrime. USA Today, September 2, 2003.
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management, analysis, and technical support for the estab-
lishment of an agenc ywide computer network systems inci-
dent response and coordination capability (4,10).

WHAT DOES IT MEAN TO THE HEALTH
CARE SECTOR?

The U.S. health care sector relies hea vily on computer net-
works for bed tracking, laboratory and radiology studies,
telecommunications, and medical records, all of which re-
quire the utmost security. Health care infrastructure, however,
has not been a major focus of an y of the pre viously men-
tioned national cybersecurity strategies.

IMPACT ON PREHOSPITAL CARE

Emergency medical personnel rely on a v ariety of emer-
gency management systems. Historically , these systems
were manual, for the most part. Today, emergency man-
agement has become both an art and adv anced science,
relying heavily on a variety of technologies for command,
control, and intelligence. As we have discussed here, virtu-
ally any technology can be e xploited or disabled. Let us
look at some e xamples of systems used by emer gency 
responders that can be disrupted or destro yed by a c yber-
attack (4).

Radio forms the basis of communications for emergency
management teams. Older radio systems that do not rely on
any sort of digital controls or repeaters may be attack ed by
methodologies that are a part of electronic w arfare. Jam-
ming requires little technical sophistication b ut is usually
traceable to its place of origin. More sophisticated tech-
niques, such as HERF (High Energy Radio Frequency) and
EMP (Electro-Magnetic Pulse) de vices, can quickly render
radio communications useless (11). 

Global positioning systems are becoming vital to emer-
gency response efforts. GPS-based locators linked to online
mapping equipment are increasingly being used by f irst re-
sponders in guiding them accurately and quickly to disas-
ters. These systems are also utilized by air support. Such
systems may f all prey to cyberattacks, preventing first re-
sponders from reaching the target site (12).

HEALTH CARE FACILITY
CYBERATTACK RESPONSE

A coordinated response to a computer-based attack need not
be different from the response to a nuclear, biological, radi-
ological, or explosive attack. The DISASTER paradigm in
the American Medical Association’s Basic Disaster Life
Support course utilizes an all-hazards approach that is use-
ful to a cyberattack scenario. Furthermore, disaster response

exercises for conventional attacks or weapons of mass de-
struction (WMD) attacks should all be designed to include
changes in procedure to accommodate the failure of the hos-
pital’s information system.

RESPONSE ESSENTIALS (FIG. 44–1)

D: DETECT

Detection of a c yberattack is fraught with man y difficul-
ties. Like a biological or chemical attack, the signs of at-
tack may not be readily a vailable. For example, a denial
of service attack may be indistinguishable from e veryday
downtime or network errors. The results of an attack may
be subtle and not readily noticeable to those inside the fa-
cility. All employees who either utilize the hospital or
clinic information system must be vigilant for unusual
error messages or suspicious personnel. Any suspicion of
security violation or abnormal network or computer activ-
ity should be reported to the information technology (IT)
Help Desk as soon as possible. Upon notification, each re-
port should be investigated and taken seriously. A log sys-
tem needs to be in place to track complaints because mul-
tiple small issues may be clues to a more widespread
incident.

I: INCIDENT COMMAND

When a cyberthreat is deemed credible, the hospital’s inci-
dent command system (ICS) needs to be acti vated. The
chief IT officer should be involved in the incident command
structure to coordinate internal protection measures, activate
backup clinical systems, and coordinate with unit managers
and care providers to ensure patient safety.

S: SCENE SECURITY AND SAFETY

Once the ICS has been acti vated, the health care f acility
must be secured from physical attack as well as physically
securing essential information technology infrastructure

Detect
Incident Command
Scene Security and Safety
Assessment of Hazards
Support
Triage/ Treatment
Evacuate
Recovery
Figure 44–1. DISASTER Acronym for Disaster Planning (14).
(From Basic Disaster Life Support (BDLS) Provider Manual. 
Dallas CE, Coule PL, James JJ, Lillibridge S, Pepe PE, Schwartz
RB, Swienton RE, Editors. American Medical Association,
Chicago IL 2003.1-9. With permission.)



like mainframes, exposed data lines, environmental controls,
and super user/administrator access to network servers. Addi-
tionally, clinical areas need to be notif ied in order to activate
redundant or protecti ve systems that do not depend on the
compromised network. These could include manual re gistra-
tion of patients, utilizing plain films instead of digital images,
confirmation of lab test results, and ensuring availability of
portable or manual equipment for critically ill patients. 

A: ASSESS HAZARDS

The information technology personnel should assess the na-
ture of the threat, the persistence of the threat (the difference
between a single unauthorized access of medical records or
the launching of a w orm program that disrupts clinical lab
information), who is affected, and what measures need to be
taken to either ensure the rest of the health care organization
remains functional or to prevent harm to patients. 

S: SUPPORT

The ICS needs to mo ve resources to the site of the disaster
as well as pro vide accurate and timely information to the
public, patients, employees, and law enforcement in the
most secure manner a vailable. The EMS command must
rapidly identify the nearest secure locations and a vailable
transportation in the e vent that patients with critical needs
must be evacuated.

T: TRIAGE/TREATMENT

The most vulnerable elements in a computer -based attack
are patients with the greatest dependence on information
technology, that is, critical care patients. Monitoring equip-
ment must be calibrated and v erified to be accurate, or, if
this is not possible, the patients must be transferred to a
higher level of care. Hospital personnel should switch to
using bedside diagnostic equipment where possible and
careful attention must be paid to documentation of times
and quantities because man y of these functions are per-
formed automatically by computer software. 

E: EVACUATION

Evacuation may only be indicated for the most critical of
patients because information security may only be tem-
porarily compromised. The chief information officer needs
to provide timely assessment to the ICS in order to allo w
for transfer of patients or to pre vent panic or undue or e x-
cessive response. That is to say, the response should be pro-
portional to the threat. The disruption of a power grid is of
greater significance than the hacking of a print serv er, for
example.

R: RECOVERY

Once information security has been restored, standard operat-
ing procedures should be followed for debriefing of involved
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personnel and follo w-up with la w enforcement as well as
with patients to identify an y possible injuries. The IT office
must continue its vigilance to ensure the same “back door”
does not get used again and to make sure appropriate changes
to security policy, practices, and software are remedied in re-
sponse to the identified breach.

SUMMARY

To a health care or ganization, defense against
cyberattack means more than just protecting com-
puters and networks. It means protecting patients.
Most hospitals rely on computer netw orks for lab
data, bed tracking data, online medical records,
radiology, pharmacy data, and even personnel sched-
uling. Nowhere is this more crucial than the emer-
gency department (ED). In today’ s environment of
overcrowded, understaffed EDs, how long w ould it
take to notice that all of the serum potassium le vels
are coming back low or serum glucose le vels are too
high or always normal? Imagine the potential medical
errors when the names on radiology imaging reports
have been changed. One of the best ways to defend or
prevent a c yberattack are the standard health care
information security practices already mandated by
HIPAA and other re gulations. Good practices during
normal operating conditions play an important role in
protecting health care systems from c yberterrorism. 
A health care system that k eeps patient information
secure on a day-to-day basis stands a good chance of
repelling a cyberattack successfully. Vigilant employ-
ees, realistic drills and preparation, and a management
culture willing to ask hard questions and mak e tough
changes in the future are k ey ingredients to a
formidable cyberdefense (Table 44-3).

REVIEW

� Cyberterror can by itself or in combination with other
attacks cause significant damage and should be inte-
grated in all areas of disaster planning.

� People, not machines, are the best defense against
computer or network compromise.

� There are two factors in computer security planning:
physical threat and critical data threat.

� Good daily security habits are the best prevention
against malicious users.

� A variety of federal resources are available to help
with disaster planning with regard to computer and
network security. Integrating the cyberattack scenario
in an all-hazards approach to disaster planning will
provide optimal results when a terrorist attack hits the
community.
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RESOURCES

1. InfraGard: www.infragard.net.
2. The Defense Information Systems Agency (DISA):

http://www.disa.mil. 
3. Executive Office of the President. Defending America’s

Cyberspace: National Plan for information systems pro-
tection. Version 1.0. November 1999.

4. Network Associates, Inc. An introduction to computer
viruses (and other destructive programs). McAfee White
Paper. Available online at http://www.nai.com/com-
mon/media/vil/pdf/av_white.pdf.
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