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Abstract  

The possible use of radioactive sources by terrorists has been widely discussed in the last 
years. Several scenarios have been imagined, for instance mixing radioactive material with 
high explosives and detonating the device in order to contaminate a city, putting a 
radioactive source in a crowded train, or contaminating food with radioactive material. All 
experts agree on the fact that the number of fatalities due to the spread of radioactivity will 
be very small at worst. However, in some scenarios contaminated persons may suffer 
radiation burns that will require medical treatment. In other scenarios, a limited number of 
persons may receive such a high radiation dose that they will develop ARS (acute radiation 
symptom) and may require hospitalization as well as extensive treatments. Or people may 
incorporate radioactive material and need a decorporation treatment.  
In this study, we estimate the number of persons who may have been contaminated and 
require a dosimetric monitoring. We calculate the number of persons needing medical 
support such as decorporation therapy, based on the assumption that such a treatment would 
be provided, if the expected dose is 200 mSv or more. We also estimate the number of 
persons receiving a local skin dose of 10 Sv or more on a limited surface. We assume that 
these persons will need special treatment for their skin burns. We also estimate the number 
of persons, receiving a whole body dose of 2 Sv or more, assuming that these persons shall 
be hospitalized and receive special treatment. Patients with a high skin dose may also have 
received a high whole body dose.  
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1     Introduction  

Many studies have been published on the subject of radiological terrorism, especially on the subject 
of dirty bombs. Most of these studies deal with the problem of radioactive contamination of the 
environment. The aspect of medical treatment of the potential victims is often only considered as 
the need for decontamination of victims hurt by the blast, before they are transferred to a hospital. 
Considering that healthcare systems in Europe run at or close to their limits of capacity even on a 
daily basis and that only a very limited number of physicians and hospitals in Europe have practical 
experience in the treatment of accidentally irradiated patients, we estimate the number of potential 
victims requiring support from the healthcare system in case of a radiological terrorist attack. 

2     Scenarios considered 

Radioactive sources can be malevolently used in different ways. We consider three types of 
scenarios described in detail in [1]:  

1. Dirty bombs, where radioactive material is dispersed into the environment using high 
explosives 

2. A radioactive source placed under a seat in a crowded train  
3. Radioactive dust put in a chocolate conche contaminating the produced food 



 
The consequences of these scenarios for the healthcare system will be estimated in numbers of 
potential patients in need of treatment.   

2.1     Dirty bombs 

There are several nuclides that could be used in a dirty bomb. The consequences depend on the 
amount of radioactive material dispersed in the environment. In terms of management of a dirty 
bomb attack, the range of measures to be taken is very wide. In the best case, the contamination is 
so low, that no measures need to be implemented, in the worst case, several city blocks may have to 
be evacuated and closed down for years. To illustrate this wide range of possibilities, we have 
analysed the scenarios described in Table 2.1. The expected soil contamination in terms of multiples 
of the directive value CS (varying between 3 and 300 kBq/m2, depending on the considered nuclide) 
according to Swiss legislation is indicated in Table 2.1. 
 

Table 2.1: Amount of radioactive material and resulting soil contamination in the considered dirty 
bomb scenarios 

Scenario > 1 CS > 5 CS > 10 CS > 50 CS 
10 TBq Pu-238 60 km2  29 km2 20 km2 6.5 km2

740 GBq Am-241 11 km2 2.9 km2 1.5 km2 0.2 km2

700 TBq Sr-90 117 km2 69 km2 52 km2 24 km2

260 TBq Cs-137 139 km2 85 km2 66 km2 33 km2

22 GBq Am-241 0.37 km2 0.05 km2 0.02 km2 0.001 km2

19 TBq Cs-137 58 km2 28 km2 19 km2 5.8 km2

3 TBq Se-75 0.53 km2 0.07 km2 0.01 km2 0.002 km2

190 GBq Co-60 0.18 km2 0.03 km2 0.012 km2 0.000'4 km2

500 g LEU - - - - 
220 GBq Ir-192 0.21 km2 0.037 km2 0.015 km2 0.000'6 km2

100 kg DU - - - - 
4 GBq Sr-90 0.001 km2 - - - 
19 GBq Ir-192 0.011 km2 0.003 km2 0.000'4 km2 - 
100 GBq Pu-239 5.7 km2 1.1 km2 0.45 km2 0.037 km2

100 GBq Sr-90 0.44 km2 0.037 km2 0.01 km2 - 
100 GBq Cs-137 1.3 km2 0.13 km2 0.039 km2 0.000'7 km2

75 TBq Cs-137 90 km2 49 km2 36 km2 15 km2

 
The medical consequences are estimated for those 17 scenarios. 
 

2.2     Radioactive source placed in a train 

In this scenario, we consider a Co-60 source placed under a seat in a train as shown in Figure 2.2. 
We calculate the potential number of persons requiring medical treatment for four different 
scenarios, assuming the Co-60 source has an activity of 10 GBq, 100 GBq, 1 TBq and 10 TBq. 
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source may cause symptoms in a limited number of persons, which should be further investigated. 
In the scenario with a 1 TBq source, 15 to 20 persons could suffer from ARS symptoms each day 
the source is in the train. This number may be doubled for considering those persons showing 
symptoms without exposure to the source. In the scenario with a 10 TBq source, more than 100 
persons could suffer from ARS symptoms every day the source has not been detected or removed. 

3.3     Food contaminated with radioactive dust 

In the scenarios with 1 MBq and 1 GBq of radioactive material, it is highly probable that nobody 
will suffer from ARS. In these cases, no ingestion of radioactive material may be detectable. 
However, it is also very likely that individuals who have bought this chocolate are worried and 
require some sort of support. The scenario with 1 TBq may lead to symptoms of ARS in several 
hundred patients. All buyers of contaminated chocolate should be identified and screened for 
ingestion. Since persons having bought other chocolate may show up as well, a required screening 
of  20'000 to 100'000 persons is probable.  
 

4     Estimation of the number of persons requiring a decorporation therapy 

We assume that persons with a total effective dose equivalent estimate of  200 mSv and more 
should receive a decorporation therapy.  

4.1     Dirty bombs 

Only persons staying close to ground zero in the scenario with 10 TBq Pu-238 may inhale enough 
radioactive dust to receive a dose of 200 mSv or more. Several hundred persons may need a 
decorporation treatment. In all other dirty bomb scenarios, the dose of 200 mSv or more is not 
obtained. 

4.2     Radioactive source placed in a train 

Since there is neither inhalation nor ingestion of radioactive dust in these scenarios, nobody will 
need decorporation treatments. 

4.3     Food contaminated with radioactive dust 

In the scenarios with 1 MBq and 1 GBq, nobody eating contaminated chocolate under the 
considered assumption gets a dose of 200 mSv or more. However, in the scenarios with 1 TBq and 
1 PBq, 20'000 persons will need a decorporation treatment.  
 

5     Estimation of the number of persons with a skin dose over 10 Sv 

We assume that persons receiving a dose of 10 Sv ore more to the skin will need at least ambulant 
treatment, many of them stationary hospital treatment. 

5.1     Dirty bombs 

The dispersion of radioactive material in the environment by means of high explosives results in a 
very limited contamination of the skin. We do not expect anybody getting irradiated with a dose of 
10 Sv or more. 



5.2     Radioactive source placed in a train 

In the scenarios with 10 and 100 GBq, nobody is expected to receive a skin dose of 10 Sv or more 
under the assumptions considered. In the scenario with 1 TBq, every person sitting for an hour on 
seat A will be affected, while in the scenario with 10 TBq, persons sitting on seats A, B, C and D 
will be affected. For each day the source is not recovered, 15 to 20 Persons may be affected in the 
scenario with 1 TBq, and 60 to 80 in the scenario with 10 TBq.  

5.3     Food contaminated with radioactive dust 

Nobody will get a skin dose of 10 Sv or more in the scenarios with 1 MBq, 1 GBq and 1 TBq. 
However, in the scenario with 1 PBq, all persons having not received a decorporation treatment in 
time, will be irradiated from within and probably suffer a painful death. In the best case, nobody 
would be affected, in the worst case, several hundred or even thousand persons may be affected.  

6     Estimation of the number of persons with a whole body dose over 2 Sv 

We assume that persons receiving an irradiation to the whole body of 2 Sv or more will have to be 
hospitalized and need  special treatment. 

6.1     Dirty bombs 

We do not expect anybody getting irradiated with a whole body dose of 2 Sv or more. 

6.2     Radioactive source placed in a train 

In the scenarios with 10 GBq, 100 GBq and 1 TBq, we do not expect anybody receiving a whole 
body dose of 2 Sv or more under the assumed conditions. However, in the scenario with 10 TBq, all 
persons sitting on seats A, B, C and D may receive such a high dose. Thus every day until the 
source is recovered, 15 to 20 patients may show up in different cities in need of adequate medical 
treatment. 

6.3     Food contaminated with radioactive dust 

Nobody will get a whole body dose of 2 Sv or more in the scenarios with 1 MBq, 1 GBq and 1 TBq. 
However, in the scenario with 1 PBq, all persons not having received a decorporation treatment in 
time, will be irradiated from within and accumulate a dose of 2 Sv within approximately one month. 
In the best case, nobody would be affected, in the worst case, several hundred or even thousand 
persons may be affected. 

7     Conclusion 

A radiological terrorist attack is an event which may overwhelm the capacities of a national 
healthcare system. Affected patients may only obtain an adequate treatment if international 
assistance is given to the attacked country. 
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