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ABSTRACT 
Nowadays, one of the most serious terrorist threats implies radiological 
dispersal devices (RDDs), the so-called „dirty bombs”, that combine a 
conventional explosive surrounded by an inflammatory material (like 
thermit) with radioactive material. The paper objective is to evaluate the 
radiological impact due to direct exposure to a RDD using a sealed radiation 
source (used for medical and industrial applications) as radioactive material. 
The simulations were performed for 60Co, 137Cs and 192Ir radiation sources. 
In order to model the contamination potential level and radiation exposure 
due to radioactive material spreading from RDD, Lawrence Livermore 
National Laboratory’s HOTSPOT 2.07 computer code was used. The worst 
case scenario has been considered, calculations being performed for two 
radioactive material dispersion models, namely General radioactive Plume 
and General Explosion. Following parameters evolution with distance from 
the radiation source was investigated: total effective dose equivalent, time-
integrated air concentration, ground surface deposition and ground shine 
dose rates. Comparisons between considered radiation sources and 
radioactive material dispersion models have been performed. The most 
drastic effects on population and the environment characterize 60Co sealed 
radiation source use in RDD. 
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INTRODUCTION 
One of the most serious terrorist threats foreseen in USA, Great Britain and European 

Union implies radiological dispersal devices (RDDs), the so-called „dirty bombs”, that 
combine a powerful conventional explosive (such as semtex, dynamite or TNT) surrounded 
by an inflammatory material, like thermit, with radioactive material. The dirty bomb is the 
simplest terrorist nuclear device that causes the purposeful dissemination of radioactive 
material, without a nuclear detonation(1). 

 
In RDD detonation, the conventional explosion itself would lead to more direct severe 

damages than radioactive material dispersion, but in terms of psychological impact and mass 
media RDD explosion usually leads to effective radiation exposure overestimating. However, 
depending on scenario, RDD explosion create fear and panic, contaminates large areas, 
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requiring potentially costly decontamination and cleanup. A dirty bomb is in no way similar 
to a nuclear weapon or nuclear bomb. A dirty bomb is not a “Weapon of Mass Destruction” 
but a “Weapon of Mass Disruption,” where contamination and anxiety are the terrorists’ 
major objectives(1). 

 
Figure 1 illustrates the RDD explosive method of radioactive material dispersion. After the 

explosion, radioactive material is dispersed and shrapnel (contaminated or not) causes 
material damages and injuries, besides the contamination due to radioactive dust(2). 

 

                          
       a)                     b)                                                       c) 
 

                    
          d)        e) 
 

Figure1 RDD using explosive for radioactive material dispersion(2) 
 
The inflammatory material explosion will carry the “radioactivity” to the atmosphere from 

where the radioactive plume will be dispersed by the wind. In terrorists perspective, the 
suitable radioisotopes to be used in RDDs must be obtained relatively easily, must have high 
radioactivity and half-lifetime, such as 137Cs, 60Co, 192Ir, 90Sr and Pu, respectively. The last 
one lead to greatest damages, but cannot be obtained very easy. The high radioactive 
materials with long lives isotopes, such as the nuclear spent fuel, can significantly increase the 
negative effects on public health and on the environment, but their obtaining is difficult and 
these materials movements are usually strictly monitored (1).  

 
The general characteristics of a dirty bomb detonation are(3): i) the explosion itself would 

be more harmful (fatalities and severe injuries) than the radioactive material dispersion;  
ii) RDD radiological impact is local/regional; however in terms of psychological impact and 
mass media, RDD explosion will quickly take on a national or even international dimension 
leading also to effective radiation exposure overestimating; iii) location and timing of RDD 
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explosion will surprise, if there were no previous threats or extortion attempts; iv) RDD 
attacks preferred targets are crowded public areas (train stations, large public institutions, 
supermarkets, markets, etc) and critical infrastructures (public transportation system);  
v) contamination of crowded public areas will have serious economic implications; vi) it may 
take some time to discover the source of contamination; first indications can come from 
previous threats, messages claiming responsibilities, first responders routine monitoring 
activities, suspect activities monitoring by intelligent services, or simply by chance. 

 
It is difficult to design a RDD that would deliver radiation doses high enough to cause 

immediate health effects or fatalities in a large number of people(4). Therefore, experts 
generally agree that a RDD would most likely be used to: i) contaminate facilities or places 
where people live and work, disrupting lives and livelihoods; ii) cause anxiety in those who 
think they are or have been exposed.  

 
The RDD attacks efficiency depends on factors such as: a) Amount and type of radioactive 

material dispersed; b) Means of dispersal (e.g. explosion, spraying, fire); c) Physical and 
chemical form of the radioactive material (if the material is dispersed as fine particles, it 
might be carried by the wind over a relatively large area); d) Local topography, location of 
buildings, and other landscape characteristics; e) Local weather conditions; f) Movement of 
the radioactive plume - if the radioactive material is released as fine particles, the plume 
would spread roughly with the speed and direction of the wind. As a radioactive plume 
spreads over a larger area, the radioactivity becomes less concentrated (4).  

 
Most injuries from a dirty bomb would probably occur from the heat, debris, radiological 

dust, and conventional explosion force used to disperse the radioactive material, affecting 
only individuals close to the explosion site. At the low radiation levels expected from an 
RDD, immediate health effects from radiation exposure would likely be minimal. Health 
effects of radiation exposure are determined by: amount of radiation absorbed by the body, 
radiation type (alpha particles, beta particles or gamma rays), distance from the radiation 
source, means of exposure - external or internal (absorbed by skin, inhaled or ingested), and 
length of time exposed(1, 2). The health effects of radiation tend to be directly proportional to 
radiation dose; the higher the radiation dose, the higher risk of injury. 

 
In summary, the characteristics defining RDDs are: terrorist events, low technology, low 

cost to make, wide range of usable radioactive materials, contamination restricts use of area 
until it can be decontaminated, cleanup problems, economic impact, psychological impact, 
spread fear(5). 

ASSUMPTIONS USED IN RDD RADIOLOGICAL IMPACT ESTIMATION 

 The sealed radiation sources selection for present study estimations was based upon their 
suitability for terrorist’s purposes (high radioactive and long-lived radioisotopes, usually 
small sizes, relatively easily to be obtained) and a very large range of utilization both in 
medical and industry applications. 
  
 The assessment of radiological impact due to direct exposure to a RDD using sealed 
radiation sources has been performed according to the following aspects: 
- the radiation source is represented by a single sealed radiation source; usual activity values 
characterizing medical and industrial applications are considered; 
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- potential contamination levels and radiation exposure modeling following RDD spreading 
was performed by using Lawrence Livermore National Lab’s HOTSPOT 2.06 code(5); 
- meteorological conditions were assumed to be the usual ones for nuclear accidents 
consequences evaluations, namely: Pasquill atmospheric stability class – D (neutral), wind 
speed – 5 m/s, wind direction 00 (wind blows from North), no precipitations,  mixing layer 
height – 560 m (appropriate for stability class D) 
- analysis have been performed based on two different radioactive material dispersion models 
(worst case scenario), namely: General Plume (normal atmospheric dispersion for radioactive 
isotopes, usually defined in computer codes for nuclear accidents consequences evaluation) 
and General Explosion (radioactive isotopes atmospheric dispersion defined based on the 
explosion model developed by Sandia National Laboratories);  
- RDD detonation is done on ground level (release height = 0 m), urban terrain, the receptor 
height from ground level = 1.5 m, and the environment temperature = 20 °C; 
- in General Explosion scenario 500 g explosive (TNT or equivalent) has been considered; 
- dose conversion factors are those defined by FGR13 (Federal Guidance Report)(6) based on 
ICRP 66(7) and ICRP 60/70 methodologies(8, 9);  
- for isodose curves tracing the following values were chosen: 5 Sv (threshold for immediate 
deterministic effects), 1 mSv (Operational Level for evacuation(10)). The mentioned reference 
defines Operational Intervention Levels in terms of avertable dose by implementing 
protective measures: OIL1 (dose rate in radioactive plume) = 1 mSv/h – evacuation or 
substantial sheltering in the affected 22.50° angular sector and the two adjacent sectors; OIL2 
(dose rate in radioactive plume) = 0.1 mSv/h – thyroid blocking agent administration, 
sheltering with windows closed; OIL3 (environmental dose rate in deposition) = 1 mSv/h – 
evacuation and substantial sheltering in the affected sector; OIL4 (environmental dose rate in 
deposition) = 0.2 mSv/h – population relocation from the affected sector; OIL5 
(environmental dose rate in deposition) = 1 µSv/h – immediate restriction of food and milk 
consumption (potentially contaminated) from the affected sector till samples are analyzed. 
- TEDE (Total Effective Dose Equivalent) was defined by means of following relation:  

TEDE = Ha + Hg = 
*

H
•

x Te, where Ha = dose equivalent due to immersion in the plume 

(mSv), Hg = dose equivalent due to direct irradiation from the soil (mSv), 
*

H
•

= average 
environmental dose rate due to immersion in the plume or direct irradiation from the soil 
(mSv/h), Te = estimated exposure period (usually 4 h); taking into account that in RDD 
attacks the population will try to shelter, interest effects being the deterministic ones, for the 
present calculations we considered Te = 1 h, so TEDE values can be used directly as 
environmental dose rate in radioactive plume and compared with OIL1 and OIL 2 values.  

 
Radiological impact assessment due to direct exposure to RDD 
       
       Present comparative study investigates the following parameters evolution with distance 
from the considered sealed radiation source: Total Effective Dose Equivalent, TEDE [Sv], 
Time-integrated air concentration [(Bqs)/m3], Ground surface deposition [kBq/m2] and 
Ground shine dose rates [Sv/h].  
In Figures 2, 3 and 4 TEDE isodose curves characterizing 60Co, 137Cs and 192Ir sealed 
radiation sources, for both considered dispersion models are presented. 
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Figure 2 TEDE isodose curves for 60Co source 
 

        
 

Figure 3 TEDE isodose curves for 137Cs source 

        
 

Figure 4 TEDE isodose curves for 192Ir source 
      In Figures 5, 6 and 7 ground deposition isoconcentration curves characterizing 60Co, 137Cs 
and 192Ir sealed radiation sources, for both considered dispersion models are presented. 
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Figure 5 Ground deposition isoconcentration curves for 60Co source 

        
Figure 6 Ground deposition isoconcentration curves for 137Cs source 

 

        
 

Figure 7 Ground deposition isoconcentration curves for 192Ir source 
        

      Table below summarizes TEDE maximum values together with the deterministic effects 
and OIL threshold exceeding areas for both considered dispersion models. 
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 General Plume Model General Explosion Model 
 60Co 137Cs 192Ir 60Co 137Cs 192Ir 

TEDE 
maximum value 17 Sv 4.2 Sv 0.055 Sv 0.057 Sv 0.014 Sv 1.88E-4 Sv

Deterministic 
effects threshold 
exceeding area 

0.23 km No 
exceeding 

No 
exceeding 

No 
exceeding 

No 
exceeding 

No 
exceeding 

OIL1 
exceeding area 2 km 1 km 0.1 km 1.4 km 0.6 km No 

exceeding 
OIL2 

exceeding area 33 km 4 km 0.3 km 10 km 2.6 km 0.07 km 

OIL3 
exceeding area < 0.2km < 0.1 km No 

exceeding 
No 

exceeding 
No 

exceeding 
No 

exceeding 
OIL4 

exceeding area < 0.5km < 0.2 km No 
exceeding < 0.2 km No 

exceeding 
No 

exceeding 
OIL5 

exceeding area < 50 km < 4 km < 0.4 km < 20  m < 0.3 km < 0.2 km 

 

 Figures 8 and 9 illustrate TEDE and Ground shine dose rate evolutions for the considered 
radiation sources versus the distance from the radiation source, characterizing both considered 
radioactive material dispersion models. The Operational Intervention Levels are also included 
in the mentioned figures (OIL1 and OIL2 on Figure 8, OIL3, OIL4 and OIL5 on Figure 9).  
 
 
 

 
 

Figure 8 TEDE evolution with distance from radiation source, [Sv] 
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Figure 9 Ground shine dose rate evolution with distance from radiation source, [Sv/h] 
 
 The relative differences characterizing the comparison of interest parameters values 
obtained for different radiation sources and dispersion models, respectively, were calculated. 
The comparison between interest parameters values for the considered radiation sources, 
corresponding to both dispersion models, has lead to very close relative differences: 
 

Relative differences 
Parameter 60Co  137Cs 60Co  192Ir 137Cs  192Ir
Total Effective Dose Equivalent 74.6 % 99.7 % 98.7 % 
Time-integrated air concentration 70.0 % 99.0 % 96.7 % 
Ground surface deposition 70.0 % 99.0 % 96.7 % 
Ground shine dose rates 92.8 % 99.7 % 95.3 % 

 
The relative differences characterizing the comparison of TEDE and Ground shine deposition 
dose rate evolution with the distance from the radiation source for different dispersion 
models, corresponding to the considered radiation sources, as follows: 
 

Relative differences 
Total Effective Dose Equivalent Ground shine dose rate 

Distance  
from the 
radiation 
source 

60Co  
GP  GE  

137Cs 
GP  GE  

192Ir 
GP  GE  

60Co 
GP  GE  

137Cs 
GP  GE  

192Ir 
GP  GE  

200 m 81.8% 82.0% 81.5% 81.0% 81.1% 81.7% 
500 m 66.4% 64.7% 64.4% 65.0% 65.4% 65.6% 
1 km 56.4% 56.1% 56.9% 56.9% 56.8% 55.9% 

10 km 50.0% 48.0% 48.5% 46.2% 49.00% 48.3% 
80 km 48.4% 50.0% 47.6% 48.8% 49.2% 50.0% 

* GP – General Plume; GE – General Explosion (radioactive material dispersion models) 
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CONCLUSIONS 
  

     The simulations were performed for 60Co, 137Cs and 192Ir sealed radiation sources; usual 
activity values characterizing medical and industrial applications have been considered.  The 
worst case scenario has been considered, simulations being performed for two radioactive 
material dispersion models, namely General Plume and General Explosion, respectively. 

     The radiological impact due to direct exposure to RDD using sealed radiation source has 
been assessed, by means of evolution with distance from the radiation source for following 
parameters: Total Effective Dose Equivalent, Time-integrated air concentration, Ground 
surface deposition and Ground shine dose rates. 

TEDE maximum values for the two considered dispersion models were, as follows:  

- General Plume : 17 Sv - 60Co, 4.2 Sv - 137Cs, 5.50x10-2 Sv - 192Ir 

- General Explosion : 5.57x10-2 Sv - 60Co, 1.40x10-2 Sv - 137Cs, 1.88x10-4 Sv - 192Ir. 

By considering General Plume dispersion model, for 60Co radiation source, the deterministic 
effects threshold area was exceeded. 

     Comparisons of interest parameters values for the considered radiation sources and 
radioactive material dispersion models have been also performed. The relative differences 
characterizing interest parameters values for different radiation sources comparison are less 
sensitive to the considered dispersion model.  

      The calculated relative differences characterizing TEDE and Ground shine deposition 
dose rate evolution versus the distance from the radiation source for different dispersion 
models comparison shown close values relative to the considered radiation sources, 
decreasing as the distance grows. 

      The most drastic effects on population and the environment are associated with the 60Co 
sealed radiation source use in RDD. 
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