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ABSTRACT

The complex scenario involving the disposal of radioactive material into the environment can lead to population 
exposure and serious issues with its unfolding events. In this context, a methodology capable of providing useful 
basic information, with the least amount of scenario-specific-information, for immediate and future risk 
assessment is of relevance. For this work a simulation of a Radiological Dispersal Devices involving cesium 137 
will be considered, coupling the results of the Health Physics Code System for Evaluating Accidents Involving 
Radioactive Materials software (HotSpot 3.0.3) and the epidemiological equations of the Radiation Effects 
Research Foundation (RERF) to support the decision making process. The results of the simulation will be used 
to help quantify the number of general individuals allocated to areas of higher radiological risk and of interest to 
medical care by providing the scientific data to develop a more appropriate approach to risk and its 
communication to the affected population.

1. INTRODUCTION

Radiological Dispersal Devices (RDDs) are artifacts containing explosives and an industrial
or medical radiological source for the purpose of dispersing radioactive material in an urban 
area, impacting public health and safety by spreading radioactive material onto the 
environment [1]. In this we analyze the relative risk of developing solid cancer in a 
population exposed to an RDD event. For the simulation of the radiological scenario, the 
HotSpot Health Physics Code software was used to estimate the doses received by exposed 
individuals and the contamination at the event site [2]. The estimated dose values on the 
HotSpot platform were used in the biostatistical model Radiation Effects Research
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Foundation (RERF), developed from the Japanese survivors of the atomic bomb, to estimate 
the risks of detriment due to solid cancer in general [3]. The radioactive material associated 
with RDD was cesium 137 because it is soluble in water and metabolically similar to 
potassium, which for the human organism it can cause a serious metabolic problem [4].

Cancer is one of the main causes of morbidity and mortality worldwide. This is recognized as 
human cancer has multiple causes and many different diseases of carcinogenesis have been 
postulated. Some of the many factors that can cause cancer include, for example, solar 
ultraviolet radiation, and others may be related to occupancy and smoking, alcohol 
consumption or sexual behavior, including ionizing radiation, and the interaction between 
some of these carcinogenic factors [4]. For this work will be considered the simulation of a 
RDD involving Cesium 137.

The HotSpot software will be used to estimate the doses received by the exposed individuals 
and the contamination at the event site. Estimated dose values in the HotSpot will be used in 
the RERF biostatistical model to estimate the risks of detriment due to solid cancer in 
general. We will take into consideration only the ionizing radiation and calculate the relative 
risk of obtaining solid cancer for men and women, with ages of 20, 30, 40, 50 and 60 years 
from a certain distance from the explosion of a RDD, using the program HotSpot.

2. METHODOLOGY

The US Department of Energy (DOE) funds the ongoing maintenance and development of 
the HotSpot Health Codes of Health. The HotSpot program has been distributed worldwide 
since 1988. HotSpot codes are a conservative (estimated radiation dose is usually greater) 
estimation of the radiation effects associated with the atmospheric release of radioactive 
materials and was developed to assist emergency room planners and emergency planners as 
an easy-to-use, fast and portable computational tool for evaluating incidents involving 
radioactive material. The main user interface screen for HotSpot is shown in Fig. 1.

The program uses the Gaussian plume for atmospheric dispersion of the radioactive material. 
The output data of the HotSpot allows a quick first action taking into account the dose limits 
for shelter and evacuation. The levels of intervention and levels of action set out in Standard 
CNEN-NN-3.01 "Basic Guidelines for Radiological Protection" should be observed to 
protect individuals from the public for different protective or remedial actions. According to 
the limits of intervention in emergency situations established by regulatory position 3.01 / 
006: 2011, derived from CNEN standard 3.01 [5], it is recommended that the dose is greater 
than 10 mSv in a maximum period of 2 days and evacuation when In a maximum period of 1 
week the effective dose exceeds the value of 50 mSv.

The parameters used by the software are all defined by the user, being chosen a set of 
parameters that seeks the best comparison with the reality of a contingency of an RDD. The 
main parameters used in the explosion mode HotSpot software were: 55.1 lb of TNT 
(equivalent to 25 kg), a source of cesium-137 (whose half-life is 30 years) with an activity of

Bq, wind speed of 0.10 m/s, the chosen terrain was a city and the chosen 
atmospheric stability was the class F, moderately stable, this class provides the factor of solar 
insolation and the speed of the wind near the ground.
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Figure 1 - Main screen of the software HotSpot Health Physics Code.

The dose values provided by the HotSpot simulation were used as input data for the solid 
cancer induction equation of the biostatistical model RERF to estimate the probability of 
cancer due to radiation exposure [6]. This evaluation incorporates the generally accepted 
factors responsible for induction cancer and examines the role of radiation as a carcinogen 
[6]. The term relative risk (RR) is used in several ways in epidemiological studies. In general, 
RR is the proportion of risk of disease or death among those exposed to a population at risk 
of disease and those not exposed. For solid tumors the relative risk model at each solid tumor 
site is as follows:

. (1)

Where, is the linear risk excess over the specific age by Sv being equal to 0.45 for men 
and 0.77 for women, D is the dose, e is the age at exposure in the year and represents the 
determining coefficient in modification of the effect of age during exposure being equal to - 
0.026 for men and women.

3. RESULTS

The boundary conditions for the internal, medium and external isodoses curves represent a 
dose of 10, 5 and 1 mSv, respectively. According to the emergency intervention limits 
established by regulation 3.01 / 006: 2011, derived from CNEN standard 3.01 [5], it is
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recommended that the dose is greater than 10 mSv in a maximum period of 2 days and 
evacuation when in a maximum period of 1 weeks the effective dose exceeds the value of 50 
mSv.

Taking into account the results of the simulations and the predominant direction of the winds, 
evacuation of the population should be carried out up to a distance of 3 km in relation to the 
point of explosion of the RDD. The shelter should be considered into the internal isodose 
curve. The shelter in this case should be adopted as an intermediate protection measure, when 
rapid evacuation is not possible due to adverse environmental conditions, health restrictions, 
locomotion, among others. The decision between shelter or evacuation should always take 
into account that the maximum effective dose to be avoided with the evacuation must be at 
least equal to the dose not avoided with the shelter, because when the shelter can provide 
similar protection this should always be the preferred measure.

Using the statistical model RERF for solid tumors it was possible to estimate the relative risk 
for the incidence of solid cancer, the results are presented in the graphs of Figures 2 and 3, 
which relate the cancer rate with distance, by age and sex, per 100 thousand inhabitants.

Based on the data it is possible to observe that the relative risk for the incidence of solid 
cancer for women is higher than for men. Studies of Japanese atomic bombs provide clear 
evidence that gender difference influences relative excess risk for solid cancer. In relation to 
age, the relative risk decreases with increasing age at the time of exposure.

Figure 2 - Risk Relative to every 100 thousand inhabitants for men.
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4. CONCLUSIONS

In this work, we can conclude that the relative risk is higher in the first three kilometers, 
where the 3.01 / 006: 2011 regulatory position, provided for in norm 3.01 of CNEN [5], 
determines the shelter to levels of 10 mSv Dose to be avoided. If this measure is taken in a 
situation of risk as projected in this work the dose received for the public located in these two 
kilometers will be smaller than projected, so the relative risk of obtaining cancer will be 
lower as well. We may also observe that the risk decreases with increasing age at the time of 
exposure and that it is higher when the exposed individual is female.
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