
Introduction

The attacks of September 11th showed that terrorist
groups are capable of causing mass casualties and are pre-
pared to do so. During the past several years, humanity con-
cern about the use of radioactive material by terrorists as
a radiological weapon has increased considerably. The
threat of radiological terrorism is not new (28), but it has
received renewed news media and public attention. Most of
Americans as well as peoples in other countries are satis-
fied that a radiological terrorist attack on the United States
is a possible. They believe that construct like this device
capable to disperse radioactive material is easy. Such device
is known as „dirty bomb“. It is an unfamiliar and uncon-
ventional form of weapon, and this lack of knowledge has
only served to increase public fear. To decrease our vul-
nerability to this type of threat, the medical community
should have a basic understanding of radiation hazards and
their medical management (19). Learning more about the
probability, effects, and consequences of such an attack will
help to calm fear and lessen panic if a radiological attack
actually occurs (25).

Radiological terrorism

As terrorism has become a daily topic of news headlines,
the looming threat of radiological terrorism has become
more apparent. Radiological terrorism is more probable than
nuclear terrorism (7, 15). Radiological terrorism is the de-

liberate use of radioactive material to cause destruction,
contamination, and injury (18). Terrorists can employ a va-
riety of active and passive methods to disseminate or expo-
se people to the radioactive material. Passive methods are
any that place unshielded radioactive material in a location
so as to expose people to the source, with the intention of
causing harm. Active methods include dilution of an isoto-
pe in a water supply, use of a remote control devices, or
missiles. The most widely-known dissemination method is
through explosives, commonly called a “dirty bomb” (23).
Dirty bomb is only one type of radiological weapon (9).
Other kind of radiological weapons are different sorts of
radiation emission devices (RED). Terrorists might try
placing a RED in a crowded location in heavily populated
areas such as a busy train station.

Concerns about the threat of radiological terrorism re-
volve around the ease with which radioactive materials can
be acquired, either legally or through theft, from industrial
or medical sources. A radiological weapon or radiological
dispersion device (RDD) is any weapon that is designed to
spread radioactive material with the intent to kill, and cause
disruption upon a city or nation (30).

Dirty bomb

The RDD primarily known as a dirty bomb is not a true
nuclear weapon and does not yield the same destructive
power. It uses conventional explosives to spread radioactive
material, most commonly the spent fuels from nuclear
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power plants or radioactive medical waste (2). The possibi-
lity of the detonation of dirty bomb has been the focus of
much of this apprehension. Press reports of illicit traficking
in radioactive material, Web chat attributed to terrorist
groups, and the discovery of primitive drawings of dirty
bombs in the possession of international terrorist groups
have heightened this concern. International experts believe
that crude devices could easily be constructed (27).

At all events, public statements of experts increasingly
warn of a growing threat of radiological terrorism that is in
need of urgent attention. In response, most of governments
have intensified its efforts to improve control of radioactive
material. The loss of control could constitute serious threat.
Therefore were accepted security programs to improve se-
curity at facilities where radioactive material is located in
a number of countries and to intercept radioactive material
that has entered the international black market. A dirty
bomb combines conventional explosives, such as dynamite,
with radioactive materials packed around the explosive
core. The idea is to spread radioactive material into the area
around the explosion and frighten people. Indeed, the main

damage from a dirty bomb would be associated with the
blast itself, while contamination with radioactive materials
to people or the environment is expected to cause only li-
mited harm (22).

Contamination of environment

Contamination of drinking water or food supplies with
highly radioactive materials is one of way how threaten civi-
lian people (17). Such terroristic attack may be attend by the
destruction of critical infrastructure with food shortages and
resultant malnutrition leading to the foodborne and water-
borne illness (26). Nevertheless, it appears that chemical or
biological terrorist action is simplex for terrorists (10).

Radioactive material

The most likely radioactive materials to be used are co-
balt-60, strontium-90, cesium-137 and americium-241,
which are unfortunately often poorly protected and readily
available from military, medical, academic, research, and
industrial sources. As an example, cobalt-60 is used in food
irradiation or in medical material sterilize, while americium
is used in smoke detectors and oil exploration. The survey
of commercially available radioisotopes which pose the
greates security risk are summarized in Table 1. These ma-
terials are already believed to be in the possession of major
international terrorist groups. Military-grade plutonium
and uranium would be more deadly, but are significantly
harder to obtain, handle and safely transport. Also nuclear
fuel from commercial reactors is usually very highly radio-
active, it would appear to offer an ideal type of material for
a radiological weapon. Further information about high-risk
sources of all these radioisotopes are given in Table 2.
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Element Half-life
Americium-241 433 years
Californium-252 2.7 years

Cesium-137 30.1 years
Cobalt-60 5.3 years

Iridium-192 74 days
Plutonium-238 88 years

Radium-226 1600 years
Strontium-90 28.6 years

Tab. 1: Commercially Available Radioisotopes which Pose
the Greatest Security Risk.

Practice or Application Radioisotope Radioactivity (Curies)
Thermoelectric generators Strontium-90 20 000

Plutonium-238 280
Sterilization and food irradiators Cobalt-60 Up to 4 000 000

Cesium-137 Up to 4 000 000
Single-beam teletherapy Cobalt-60 4 000

Cesium-137 500
Multi-beam teletherapy Cobalt-60 7 000
Industrial radiography Cobalt-60 60

Iridium-192 100
Calibration Cobalt-60 20

Cesium-137 60
Americium-241 10

High/Medium-dose rate brachytherapie Kobalt-60 10
Cesium-137 3
Iridium-192 6

Well logging Cesium-137 2
Americium-141 20

Level and conveyor gauges Cobalt-60 5
Cesium-137 3–5

Tab. 2: High-Risk Sources of Radioisotopes.



As pointed out Charles D. Ferguson and his co-workers
(2003) from Washington, DC Office of the Monterey
Institute’s Center for Nonproliferation Studies, commercial
radioactive sources are not cushioned in all cases and re-
present certain security risk. Domestic regulatory controls
in the states of the former Soviet Union and in a number of
developing countries are very often incontinent in keeping
of security. Other countries are in no better position. As re-
ported John Bolton at the IAEA Conference on Nuclear
and Radiation Safety in London, September 30, 2002, only
in the United States alone, 375 radioactive sources on aver-
age are lost or stolen annually. Radioactive material can get
to trespassers and misused for terroristic attack. More con-
trol is vital (31).

Medical effects

Medical effects of nuclear explosions and other forms
of radiation exposure, assessment of radiation dose, triage
of victims, definitive treatment of radiation and combined-
injury casualties, and planning for emergency services after
a terrorist attack involving a nuclear device. It is assumed
that direct radiation damage after radiological weapon use
won’t be weighty. After explosion of dirty bomb, mecha-
nical-injuries will be meaningly than radiological damage,
nevertheless in combined-injury these damages may be im-
portant in future.

Decontamination

The most common contaminants will emit primarily
alpha particles and gamma radiation, with minimal beta ex-
posure. Gamma-radiation emitters may cause whole-body
irradiation. Beta emitters when left on the skin can produce
serious burns and scarring. Alpha radiation does not pene-
trate the epithelium. Most of the time, the simple removal
of outer clothing and shoes will reduce contamination by
90 %. External contamination of the skin and hair is from
particulate matter that can be washed off. If practical, the
clothing and effluent from washing should be sequestered
and disposed of properly. Internal contamination can occur
when unprotected individuals inhale, ingest, or are wounded
by radioactive material.

Decontamination is a method for removing a wide va-
riety of radioactive contaminants from a contaminated
surface including human body surface. Decontamination
methods are mechanical or chemical. Personnel decon-
tamination methods differ from those used for materials
primarily because of the possibilities of injury to the sub-
ject. Soap and water normally remove more than 99% of
the contaminants. If it is necessary to remove the remain-
der, chemical methods which remove the outer layers of
skin can be used. These chemicals, such as citric acid, po-
tassium permanganate, and sodium bisulfite, should be
used with caution and preferably under medical supervision
because of the risk of injury to the skin surface. It is very

difficult to remove radioactive material once it is fixed in-
side the body.

General treatment

The threat of radiologic terrorism is increasing, yet
many physicians are unfamiliar with basic treatment prin-
ciples for radiologic casualties. Patients may present for
care after a covert radiation exposure, requiring an elevated
level of suspicion by the physician. Traditional medical and
surgical triage criteria should always take precedence over
radiation exposure management or decontamination (11).
Physicians, hospitals, and other health care facilities will as-
sume the responsibility for aiding individuals injured by
a terrorist act involving radioactive material (29).

As a general medical problem, radionuclide intakes that
may cause significant health effects are uncommon events.
The medical aspects of such an accident are only one part
of the management, and a professional team approach is
required (3). Absorption of ingested radioactive material
depends on the solubility and chemical makeup of the con-
taminant. For example, cesium is rapidly absorbed; cobalt,
radium, and strontium are not. The target organ for in-
gested radionuclides that pass unchanged in the feces is the
lower gastrointestinal tract. Gastric lavage and emetics can
help empty the stomach promptly, while purgatives, laxa-
tives, and enemas can reduce radioactive materials in the
colon. Ion exchange resins limit gastrointestinal uptake of
ingested or inhaled radionuclides. Prussian blue (ferric fer-
rocyanid) and alginates have been used in humans to acce-
lerate fecal excretion of cesium-137.

Inhaled particles less than 5 microns in size will end up
in the alveolar area, while the mucociliary apparatus will
clear larger particles. Soluble particles are then directly ab-
sorbed into the blood stream or moved into the lymphatic
system. Insoluble particles, until cleared, will continue to ir-
radiate surrounding tissues. In the alveoli, the localized in-
flammatory response can produce fibrosis and scarring.

The skin is impermeable to most radionuclides, but
wounds and burns allow particulate contamination to by-
pass the epithelium. Because of this, all contaminated
wounds must be meticulously cleaned and debrided.

Once absorbed, a radionuclide crosses capillary mem-
branes through passive and active diffusion and is distri-
buted throughout the body. Organ metabolism, the ease of
chemical transport, and the affinity of the radionuclide for
chemicals within the organ determine the rate of distribu-
tion, with the liver, kidney, adipose tissue, and bone having
greater capacities for binding radionuclides because of their
high protein and lipid makeup. Heavy metal poisoning is
also a potential threat depending upon the isotope used.
Chelation agents should be administered as needed.
Calcium edetate (EDTA) is used primarily to treat lead po-
isoning but must be used with extreme caution in patients
with preexisting renal disease. Diethylenetriaminepenta-
acetic acid (DTPA) is more effective in removing many of
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the heavy-metal, multivalent radionuclides. Dimercaprol
forms stable chelates with mercury, lead, arsenic, gold, bis-
muth, chromium, and nickel and may be considered for the
treatment of internal contamination with radioisotopes of
these elements. Another consideration is penicillamine,
which chelates copper, iron, mercury, lead, gold, and pos-
sibly other heavy metals.

Specific treatment

Specific priorities and sequencing are necessary in me-
dically managing a radionuclide intake or inhalation. As
soon as is reasonably practical, promptly remove the vic-
tim(s) from further radionuclide, radiation field, or chemi-
cal exposure (1). Post-irradiation approaches to treatment
of radiation injuries in the context of radiological terrorism
and radiation accidens are discussed at large in the review
of Moulder (2004).

Americium-241. DTPA or EDTA chelation in the first 24
to 48 hours following pulmonary exposure is effective.

Cesium-137. Prussian blue and ion exchange resins are
useful. If early after ingestion, use lavage and purgatives.

Cobalt-60. Gastric lavage and purgatives are advised for
ingestions. Severe cases can be treated by chelation with
penicillamine.

Phosphorus-32. Treatment includes lavage, aluminum
hydroxide, and oral phosphates.

Radium-226. After ingestion, immediately lavage with 10%
magnesium sulfate followed by saline and magnesium pur-
gatives. Ammonium chloride may increase fecal elimination.

Strontium-90. Immediately after ingestion, oral admi-
nistration of aluminum phosphate can decrease absorption
by as much as 85 %. Administration of stable strontium can
competitively inhibit the metabolism and increase the ex-
cretion of strontium-90. Large doses of calcium and acidi-
fication of the urine with ammonium chloride will also
increase excretion.

Prophylaxis

Sulphydryl radioprotectors are the best radioprotectors
known today against acute radiation sickness. Their use en-
counters two great difficulties: their toxicity and the short
period during which they are active (20). Probably the most
effective is amifostine (gammaphos, WR-2721) against
whole body gamma exposures (12, 16). The radioprotective
effects of WR-2721 or cystamine were not significant before
lehal effect of fission neutron irradiation animals (13, 14).
Their prophylactic use at radiological terroristic attack is
illusory. The chemical radioprotectors cannot modulate ra-
diation injury when given after irradiation. But the com-
bination of radioprotectors (WR-2721 or cystamine) with
a complex antibiotic and vitamines treatment were able to
increase survival of whole body gamma irradiated dogs with
a lethal dose of 3 Gy of 48 60Co gamma sources of Chiso-
box significantly (16). Kalium iodide tablets only occure

high prophylactic effect on thyroid gland and moderate the-
rapeutic ability against radioactive iodine contamination.

Psychological effect

Most people fear a radiological threat even more than
a conventional explosion due both to their inability to per-
ceive the presence of radiation with the ordinary human
senses and to concerns about perceived long-lasting radia-
tion effects. Studies of radiological accidents have found
that for every actually contaminated casualty, there may be
as many as 500 people who are concerned, eager to be
screened for contamination, sometimes panicked, and show-
ing psychosomatic reactions mimicking actual radiation ef-
fects (24). Such responses would likely be common in any
future radiological accident or terrorist attack.

Radiological terrorism, as well as terrorism in any form,
can be psychologically devasting. Psychological consequen-
ces include an array of emotional, behavioral, and cognitive
reactions. People may experience insomnia, fear, anxiety,
vulnerability, anger, and a minority will develop psychiatric
illnesses such as posttraumatic stress disorder or depres-
sion. Management of the psychological consequences of
terrorism will require a range of interventions at multiple
levels involving a variety of service providers. Interventions
are needed for the pre-event, event, and post-event phases of
a terrorist attack and will have to address affected indivi-
duals and populations (4).

In the connection of number of casualties and in situa-
tions with limited medical resources, be they personnel,
equipment, or time, clinicians use “triage” to determine
which patients receive treatment. What type of treatment
a patient receives depends on the triage “lottery” rules in
place. Although these rules for sorting patients and distri-
buting resources are standardized for most situations, they
must be somewhat altered after overwhelming, nonstan-
dard disasters, as are just radiological terrorist attacks (8).

Bioterrorism contra radiological terrorism 
(radioterrorism)

The antiterrorism and disaster planning communities
often speak of the high potential for bioterrorism and pos-
sible potential for radioterrorism, specifically the explosion
of a fission device on US soil. Information gained from an
epidemiologist’s work in the national and international scene
suggest that bioterrorism is far less likely to be a major
threat, that has been over-emphasized at the state level due
to warnings from Homeland Security, and that Homeland
Security itself appears biased toward bioterrorism of late
with very little available rational basis (6).

Conclusions

The International Atomic Energy Agency is concerned
that terrorists could carry out potential attacks by targeting
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nuclear facilities using bombs or hijacked commercial air-
liners, or by dispersal of radioactive materials with or with-
out the use of conventional explosive devices. The radiation
dispersal device, so called dirty bomb, contains radioactive
material in addition to conventional explosives, with the in-
tent to disperse the material and cause contamination and
radiation. Possible sources of radioactive materials include
spent reactor fuel, commercially produced and purchased
radioisotopes, and low level radioactive waste

from laboratory and medical procedures. There are also
another scenarios of radioterrorism, but these are less prob-
able (32). For many, the thought of terrorists detonating
a dirty bomb is frightening. However, the radiation health
risks from such an occurrence are small (23).
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