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A case study: introduction

The scenario is a hypothetical dirty bomb attack in a

large metropolitan area.

The dispersion of radioactive materials is simulated

using HOTSPOT code.

The radiation dose to the involved population is

evaluated.
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A case study: introduction

It is postulated that terrorists could make use of

devices intended to spread radioactivity, i.e.

Radiological Dispersal Devices (RDDs), generating

contamination and panic.
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A case study: introduction

It is conceivable that a radiation source could be

easily attached to a conventional bomb (as those

already used during recent attacks all over the world)

and then dispersed by detonation in crowded places

or symbolic locations.

Other than the immediate consequences of the blast,

extended areas can be affected for long time, so that

this device is popularly known as “Dirty Bomb”.

4



A case study: introduction

In addition to the environmental contamination, the

economic impact can be very large because of the

disruption of local activities and the clean-up effort.

Moreover, it is important to underline that the

psychological effect already seen for past terrorist

attacks can be greatly enhanced by the psychological

effect due to the radioactive contamination.
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A case study: introduction

The making of a dirty bomb is a relatively simple

process and does not require special purpose

components or difficult assembly.

The radiological part can be a high activity source as

those used in industry or medicine throughout the

world.
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A case study: Reference scenarios

Three radionuclides (commonly used in medicine or

industry) are considered, covering the three main

emission types:

223Ra (α emitter); 
131I (β– emitter); 
60Co (γ emitter).
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A case study: Reference scenarios

The source activity considered is equal to:

5.00 x 1010 Bq for 223Ra; 

2.00 x 1014 Bq for 131I; 

2.22 x 1014 Bq for 60Co. 
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A case study: Reference scenarios

Parameters for the Reference scenarios.
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A case study: Results

Isodose 1 mSv curves.
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A case study: Results

Isodose 20 mSv curves.
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A case study: Parameters

Starting from the Reference scenario developed for

each radionuclide, it is analyzed to which extent

device-related or meteorological parameters are likely

to influence the TED.

Every relevant HOTSPOT variable is changed

separately, keeping the remaining parameters

constant and equal to the Reference scenario.

12



A case study: Parameters

Source activity: 223Ra

Maximum distance (km) for selected TED
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Activity (Bq) 100 mSv 20 mSv 1 mSv 

5.00×1011 0.054 0.24 1.8 

5.00×1010 (Reference) ne 0.027 0.43 

5.00×109 ne ne 0.054 

5.00×108 ne ne ne 
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A case study: Parameters

Source activity: 131I

Maximum distance (km) for selected TED
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Activity (Bq) 100 mSv 20 mSv 1 mSv 

2.00×1015 0.088 0.39 2.5 

2.00×1014 (Reference) ne 0.048 0.62 

2.00×1013 ne ne 0.088 

2.00×1012 ne ne ne 
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A case study: Parameters

Source activity: 60Co

Maximum distance (km) for selected TED
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Activity (Bq) 100 mSv 20 mSv 1 mSv 

2.22×1015 0.41 1.2 7.1 

2.22×1014 (Reference) 0.053 0.23 1.8 

2.22×1013 ne 0.026 0.41 

2.22×1012 ne ne 0.053 
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A case study: Parameters

The TED increases if the source activity increases.

An almost-linear relation exists between the source

activity and the distance at which a given TED value

is delivered.
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A case study: Parameters

Weight of high explosive (TNT)

Maximum distance (km) for selected TED

17

  223Ra   131I   60Co  
High Explosive weight (kg) 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 

500 ne ne 0.078 ne ne 0.13 ne 0.031 1.1 

50 ne ne 0.18 ne ne 0.35 ne 0.098 1.5 

10 (Reference) ne 0.027 0.43 ne 0.048 0.62 0.053 0.23 1.8 

1 0.022 0.084 0.58 0.035 0.13 0.79 0.14 0.38 2.1 
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A case study: Parameters

The TED increases if the High Explosive weight

decreases.

The higher the explosive power, the higher the

dispersion of the radionuclide and consequently the

lower the TED and the ground deposition.
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A case study: Parameters

Wind speed

Maximum distance (km) for selected TED
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  223Ra   131I   60Co  
Wind speed (m/s) 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 

10 ne ne 0.20 ne 0.017 0.28 0.021 0.12 0.86 

5 ne 0.017 0.28 ne 0.036 0.44 0.040 0.16 1.3 

3 (Reference) ne 0.027 0.43 ne 0.048 0.62 0.053 0.23 1.8 

1 ne 0.040 0.87 0.014 0.11 1.2 0.13 0.55 3.4 
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A case study: Parameters

The TED increases if the Wind Speed decreases.

The radioactivity travels longer distances and its

concentration decreases as the wind speed

increases.

Wind direction is fixed at 270 degrees, as it does not influence the

extent of the contamination, but only its direction.
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A case study: Parameters

Atmospheric stability class

Maximum distance (km) for selected TED
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  223Ra   131I   60Co  
Atmospheric stability class 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 

A ne 0.027 0.32 ne 0.044 0.45 0.048 0.18 1.1 

C (Reference) ne 0.027 0.43 ne 0.048 0.62 0.053 0.23 1.8 

F ne 0.030 1.1 ne 0.055 1.7 0.061 0.54 7.7 
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A case study: Parameters

The TED increases if the Stability increases.

Increasing the instability, the radionuclide

concentration is diluted. The radionuclide activity

concentration tends to be higher for moderately stable

atmospheric conditions (class F) due to minor

dispersion effects.
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A case study: Parameters

Solubility class

Maximum distance (km) for selected TED
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  223Ra   131I   60Co  
Solubility class 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 

F ne ne Ne 0.023 0.10 1.1 0.037 0.16 1.4 

M (Reference) ne 0.027 0.43 ne 0.048 0.62 0.053 0.23 1.8 

S ne 0.032 0.47 ne 0.036 0.51 0.10 0.45 2.9 
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A case study: Parameters

Solubility influences the biodistribution and the dose

to organs, with mixed effects on the TED.

The effects are different, depending on the biokinetic

of the specific radionuclide.
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A case study: Parameters

For 223Ra a decrease in the solubility produces a

higher dose to the most exposed organ (i.e. lungs,

with wT = 0.12). As a consequence the TED

increases.

If the solubility increases, the radionuclide is distributed over several

organs, mainly to the bone surface (wT = 0.01) and the net effect is a

decrease of the TED.
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A case study: Parameters

For 131I a decrease in the solubility leads to a

reduction of the dose contribution to the most

exposed organ, i.e. the thyroid (wT = 0.04), so that the

TED decreases.
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A case study: Parameters

For 60Co a reduction in the solubility is associated

with a higher dose to the lungs, the most exposed

organ. When the solubility increases, the radionuclide

is distributed over different organs (with lower wT) and

the net effect is a reduction of the TED.
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A case study: Parameters

Respirable fraction

Maximum distance (km) for selected TED
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  223Ra   131I   60Co  

Respirable Fraction (RF) 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 100 mSv 20 mSv 1 mSv 

1.0 (Reference) ne 0.027 0.43 ne 0.048 0.62 0.053 0.23 1.8 

0.8 ne 0.029 0.41 0.063 0.24 1.4 0.34 0.87 4.0 

0.6 ne 0.030 0.39 0.097 0.37 1.9 0.50 1.2 5.3 

0.4 ne 0.032 0.38 0.13 0.47 2.2 0.62 1.4 6.4 

0.2 ne 0.033 0.36 0.17 0.55 2.5 0.72 1.6 7.3 
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A case study: Parameters

If the Respirable Fraction (RF) value decreases, the

dose due to inhalation during the passage of the

plume decreases as well.

A reduction of the RF value is followed by a increase

in the ground shine dose contribution, due to the

higher ground deposition.
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A case study: Parameters

This is because the HOTSPOT nonrespirable source

term, finally contributing to ground deposition, is

proportional to (1 – RF).

Such increase is particularly important for highly

penetrating γ radiation, and to a lesser extent for β

radiation.
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A case study: Parameters

At a blast distance of 500 m, the 60Co dose due to

inhalation decreases from 4.83 mSv (RF = 1.0) to

0.965 mSv (RF = 0.2), while the ground shine dose

increases from 2.70 mSv (RF = 1.0) to 190 mSv

(RF = 0.2).
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A case study: Parameters

At a blast distance of 500 m, the 131I inhalation dose

decreases from 1.04 mSv (RF = 1.0) to 0.208 mSv

(RF = 0.2), while the ground shine dose increases

from 0.327 mSv (RF = 1.0) to 23 mSv (RF = 0.2).
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A case study: Parameters

The impact of Respirable Fraction variations on the

ground shine dose contribution is negligible for α

emitters.

In fact α radiation is easily stopped in a few

centimeters of air thereby giving negligible

contribution to external exposure.
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A case study: Parameters

At a blast distance of 500 m, the 223Ra inhalation

dose decreases from 0.79 mSv (RF = 1.0) to 0.158

mSv (RF = 0.2), while the ground shine dose never

exceeds 0.01 mSv in both cases.

A reduction of the RF value leads up to an increase of the

resuspension dose (less than 0.01 mSv for RF = 1.0; 0.449 mSv for

RF = 0.2).
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A case study: Conclusions

Our results confirm that a Dirty Bomb detonation is

likely to have a small biological effect on local

populations and that the main concern is the

explosion itself, which can cause serious injuries and

property damage.

The radioactive materials used in a dirty bomb would

probably not create enough radiation exposure to

cause immediate serious illness or future detectable

increases in cancer rates.
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A case study: Conclusions

Evacuating contaminated areas, removing impacted

materials and housing and caring for displaced

persons could have a huge financial impact.

Materials in the form of fine powder are much easier

to disperse and therefore harder to clean up.

Remediation could prove to be time-consuming and

very expensive, particularly if public anxiety is pushing

for irrational measures.
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A case study: Conclusions

The true danger of RDDs lies in the ability to induce

panic and act as a disruption agent, especially if used

in urban areas, near government buildings or in

symbolic locations.

Due to public fears of radiation, an intentional

radiological release associated with a terrorist attack

would certainly have a psychological effect much

greater than the actual physical threat.
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