


Introduction

Atomic energy is commonly used to generate
electricity in nuclear power plants today. Nuclear
energy is released by splitting the nuclei of heavy
atoms. In a nuclear reactor, induced nuclear fis-
sion of heavy atoms such as uranium (235U) splits
the atoms into two approximately equal fractions,
e.g., cesium (14°Cs) and rubidium (93Rb). Ap-
proximately 12,500 tons of radioactive waste is
produced by this route on a global scale each
year.l Accidental release or intentional misuse of
nuclear waste materials can cause severe serious
damage to human health and the environment.
Comprehensive mandatory safety and control
regulations are therefore in place to safeguard
facilities in which radioactive materials are pro-
cessed and stored.

Nonetheless, the risk of misuse of radioactive
materials for terror attacks is increasingly rated as
a probable and real threat by experts in Germany
and the rest of Europe as well as in the USA and
Japan. Hence, the question is not "whether" such
an attack will take place, but "when and where"
the first attack will be.

The threat

“Combustion” of nuclear fuel rods in nuclear reac-
tors results in the formation of various fission
products, most of which have an unstable nucleus
and are thus classified as radioactive elements.

In spite of all safety precautions, terrorists can still
get their hands on these radioactive fission pro-
ducts and use them for terror attacks.

Attacks on nuclear power plants can result in the
dispersal of radioactive materials throughout the
environment as fine dust particles or clouds. By
comparison, assaults orchestrated by combining
conventional explosives with radioactive materials
("dirty bombs") or by simply dumping radioactive
materials (liquids or gases) from their containers
("silent bombs") are much easier to carry out.

In one dirty bomb scenario,” scientists simulated
the effects of an explosion in the centre of Wash-
ington assuming a dirty car bomb contained only
approximately 4 kg of conventional explosive
(TNT) and 23 g of a radioisotope of cesium (ce-
sium-137). The results suggest that, although the
conventional explosive would cause the greatest
number of immediate casualties (up to ten) and
serious injuries (several hundred), the relatively
small amount of 23 g of radioactive cesium in the
bomb would be capable of inducing dangerous
radioactive contamination of 20,000 inhabitants,
who would require immediate treatment. In addi-
tion, another 5,000 to 20,000 inhabitants con-
vinced that they have been contaminated with
radioactive cesium would have to be reckoned
with. Assistance for these individuals who are not
really contaminated must also be made available.

The reason why radioactive cesium is so hazard-
ous to humans is be-
cause its salts dissolve
readily in water, mak-
ing it easier for the
radioactive substance
to enter the blood-
stream via absorption
from ingested food and
fluids. Once radioac-
tive cesium has en-
tered the human body,
the radionuclide begins
a long-term cycle of in vivo effects, regardless of
whether the particles were ingested orally, inhaled
or absorbed through skin wounds. A fraction of
the cesium dose is filtered out of the bloodstream
by the liver (excretion via the kidneys is insignifi-
cant) and stored in the gallbladder. However,
once the next meal is eaten, the radionuclide is
transported to the intestine, and 98 % is reab-
sorbed from the gut back into the bloodstream
within as little as one hour. This process is called
enterohepatic circulation.

In today's high-tech telecommunication age,
scenes of such disasters are broadcast directly
into our living rooms. Horrible, gripping images
conveying dire impressions of the helplessness
and chaos following a terror attack are continually
shown on television and the Internet.



Are our emergency relief systems really well
enough prepared to handle such attacks?

Who can be affected?

Since the human sense organs do not detect radi-
oactivity, a radiological attack can affect anyone
who happens to be in the vicinity of the attack,
regardless of whether a relief worker or a victim.
No one can tell immediately if he or she has been
exposed to radiation. Therefore, radioactive con-
tamination can affect police officers and fire-
fighters as well as medical, technical and volun-
teer relief workers in addition to the victims and
other individuals within the disaster area. Radio-
isotopes can enter the body by means of inhala-
tion, ingestion or absorption through skin wounds.

Fig. 1: Group of people affected in radiological attacks

If it happens ...

If radiation exposure exceeds the maximum per-
missible dose, radiation damage can occur.

The rule of thumb for acute radiation exposure is,
"the higher the dose, the more severe the effects".

Headache, nausea, vomiting, malaise and fatigue
are the initial symptoms of radiation sickness. The
risk of infection rises with the increasing destruc-
tion of immune cells. Skin and mucosal damage,
internal and external bleeding and infertility are
other possible complications. The greater the
intensity of exposure, the higher the fatality rate.

Cancer and gene mutations are the most grievous
late effects of radiation damage.

What then?

If radionuclide exposure exceeds the maximum
permissible level, treatment requires the initiation
of both external and internal decontamination
procedures. Radionuclides are elements but,
unlike organic substances, they cannot be broken
down by the human metabolism. The goal of
treatment of radiation contamination is therefore
to ensure that the radioactive substance is ex-
creted from the body as quickly as possible in
order to spare the victim from the deleterious ef-
fects of radioactivity. Elimination of the radioactive
substance is boosted by giving the patient an
appropriate antidote.

Radionuclide Antidota
Americium-241 Ca-DTPA or Zn-DTPA

Californium-252 Ca-DTPA or Zn-DTPA

Cesium-137 Prussian blue
Cobalt-60 D-Penicillamine, DMPS
lodine-131 Potassium iodide

Plutonium-239 Ca-DTPA or Zn-DTPA

Polonium-210 DMPS, BAL

Strontium-90 Alginates or Aluminium-
hydroxid containing Antacids,

Barium sulfate

Tab. 1: Antidota in contaminations with radionuclides

A variety of different drugs is used to treat radio-
active contamination with various radioisotopes.
The antidote lowers whole-body radioactivity lev-
els as well as radiation levels in sensitive body
tissues such as the bone marrow, thus reducing
the risk of late radiation-induced complications,
including cancer.

Scientific studies have shown that immediate
treatment of contamination with radioactive sub-
stances significantly reduces the effects of radia-
tion contamination in the body. Therefore, radia-
tion contamination victims should receive anti-
dotes as quickly as possible. Immediate availabil-
ity of antidotes is therefore imperative for ade-
guate protection of victims and relief workers.

Because cesium is a widely available and simple
to be procured radioactive material, experts con-
sider it the radionuclide most likely to be used to
build a "dirty bomb".

After contamination with cesium-137 the patients
are treated with drug products containing Prussian
blue to accelerate the elimination (decorporation)
and prevent respectively the absorption/re-
absorption of the radioactive cesium.



As mentioned above, a significant amount of the
radioactive cesium dose within the body is subject
to enterohepatic circulation.

Prussian blue (chemical name: ferric hexacyano-
ferrate [II]) is not absorbed through the intact gas-
trointestinal wall after oral ingestion. It binds ce-
sium in the gastrointestinal tract and prevents re-
absorption of the radioisotope from the gut,
thereby preventing it from re-circulating between
the intestine and liver. Cesium bound to Prussian
blue is eliminated in the feces. This effectively
reduces the biological half-life of radioactive ce-
sium within the body, thereby decreasing internal
radiation contamination from the radionuclide.
Similarly, Prussian blue can also be used to treat
contamination with all other radioisotopes of ce-
sium, e.g., cesium-134.

How to administer the drug? Immediately!

One of the most effective ways to treat oral radio-
active contamination is to prevent the absorption
of the radioactive substance by body tissues from
the outset or, if this is not possible, to at least
reduce the absorption of the contaminant.

Therefore, Prussian blue should be administered
as quickly as possible after a contamination event
in order to prevent the entry of cesium into body
tissues. Why? Because immediate administration
of Prussian blue blocks the absorption of up to
75 % of the orally ingested dose of cesium-137
(Figure 2).

If treatment is administered within an hour (ideally,
within 30 minutes) of contamination, still a signifi-
cant reduction of the initial cesium contamination
levels can be achieved. Such rapid intervention
reduces the initial radiation levels and thus the
immediate and late effects of contamination on
human health significantly.
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Fig. 2: Dependency of the elimination process of *'Cs from the
time of onset of the therapy with Prussian blue

In addition to its great medical benefit, Prussian
blue has a comparatively low-risk profile. Apart
from occasional constipation, it has no known side
effects.

Where can Prussian blue be obtained?

Drugs containing Prussian blue are emergency
antidotes available by prescription only. Pharma-
cies and hospitals do not keep large quantities of
Prussian blue in stock.

Therefore, the best way to prepare for radiation
emergencies is to set up central and decentralized
emergency supply depots able to provide rapid
assistance to victims and to safeguard relief units.

Prussian blue should also be part of emergency
kits and be included in emergency stockpiles to
ensure that it is immediately available to relief
workers and victims.

Why?

Because Prussian blue should be administered as
quickly as possible. Such timely intervention
achieves a significant reduction of the initial ce-
sium dose in the body and thus contributes deci-
sively to reducing the immediate and late compli-
cations of radiation contamination, as well as the
duration and cost of treatment.
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