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Abstract: This work is aimed to use the Hotspot Health Physics codes in acute mode in order to estimate the 

immediate radiological impact associated with high acute radiation doses, which is applied to special target organs 

such as lung, small intestine wall, and red bone marrow. Organic compounds such as Diphenyl Diselenide 

(C6H5Se2C6H5) and Ebselen (C13H9NOSe), an antioxidants selenium containing compounds, were used over 

irradiated phospholipids extracted from chicken yolk eggs, in vitro in order to reduce lipoperoxidation. 

Experimental data were measured by Thiobarbituric Acid Reactive Substance (TBARS) assay which is able to 

measure the production of oxidative stress in the sample. Experimental data were extrapolated and applied as a 

reduction factors over equations for cancer excess risk calculation from BEIR V, for helping the decisonmaking 

process on Radiological Emergency Scenarios. 
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1. Introduction 
 

The Hotspot Health Physics codes are used to provide a fast and field-portable set of tools for 

evaluating situations involving release of radioactive material. The package provides a fast mean for 

estimation the the short-term effects associated with radiation from release of radioactive materials. 

HotSpot incorporates Federal Guidance Reports 11, 12, and 13 (FGR-11, FGR-12, FGR-13) Dose 

Conversion Factors (DCFs) for inhalation, submersion, and ground shine. FGR-12 DCF values are used 

for submersion and ground shine. Committed Effective Dose Equivalent DCFs, acute (1, 4, 30 days) 

DCFs are available for estimating deterministic effects. Looking forward some actions must be taken in 

order to keep future risks as low as possible for those who are on site. Experimental data from applying 

organic compounds such as diphenyl diselenide and ebselen, an antioxidants selenium containing 

compounds are discussed in order to help the decisionmaking processes on site. Hotspot codes outputs 

and the experimental data from selenium compounds are put together for providing an alternative way 

for choosing a low risk pathway through the contaminated area. Fig. 1 shows a basic flowchart for this 

aim. 

 

Figure 1: The simplified flowchart for using Hotspot codes as a tool for managing a decisionmaking 

process. 
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The decisionmaking process will be improved as the information given by Hotspot gets precise and it 

takes place as the scenario gets more realistically designed. The modified curves by experimental data 

can be useful as the indication of the reduction factor should be taken for planning the occupancy in 

the sites given by Hotspot to allow the minimization of excess risk of cancer. 
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2. Background 
 

2.1 Radiation Health Effects 
 

People can receive radiation doses from radiological sources that are external or internal to their 

bodies. The radiological damage of a particular radioactive material and the associated internal organ 

doses are a function of a set of variables as radiation types and energies emitted by the source. The 

interaction of ionizing radiation and matter may produce reactive specimens usually called free 

radicals, which is very active and extremely harmful, mainly in biological systems. The dose received 

from an intake of radioactive materials is a measure of the energy deposited per gram of tissue over a 

specified period of time and can be related to short-term biological effects, and longer-term risks of 

cancer induction.  Health effects due to exposure to ionizing radiation are classified as either stochastic 

or deterministic. The probability of the stochastic effect occurrence, rather than its severity, is assumed 

to be a linear function of dose without a threshold. Stochastic effects can result from injury to a single 

hit on a single cell or small number of cells and one of the main consequences is a carcinogenic effect. 

Deterministic effects result from the collective injury of substantial numbers of cells and the severity 

increases as the dose and dose rates reach higher and higher values from a threshold dose, which is the 

minimum value which can be associated to a detectable effect. Protection limits for radiation workers 

are kept levels to prevent the occurrence of deterministic effects and reduce the stochastic effects to an 

acceptable level. 

 

2.3 Hotspot Codes and Scenario choice 
 

The Hotspot Health Physics were used to provide a set of data that can simulate a radiological scenario 

and pathways to manage the situation. Four general programs: (a) Plume, (b) Explosion, (c) Fire, and 

(d) Resuspension are available. For the purpose of this work, the scenario was built considering a 

general explosion model (b) considering a release of 
137

Cs to the environment. 

 
2.4 Chemical Sensitizers 
 

The compounds that falls within chemical radiation sensitizers and protectors has grown markedly as 

new molecular and cellular mechanisms of oncogenesis are discovered and the mechanisms of 

radiation and drug action are elucidated [1]. The relatively simple early concepts of sensitization have 

become a very complex field involving the cellular microenvironment, angiogenesis, radiation -

induced membrane and signal transduction processes, DNA damage, cell cycle perturbation, 

apoptosis, differentiation and others. The new biological concepts are moving toward clinical 

applications and more recently to military ones. 

 

2.5 Selenium Compounds 
 

Organoselenium compounds like diphenyl diselenide (C6H5Se2C6H5) and ebselen (C13H9NOSe) have 

some chemical and physical properties that could fit them into a select group of scavenger agents. 

Great effort has been made in order to stop or minimize the production of free radicals in radioactive 

procedures. The aim of this work is to show how protective is the diphenyl diselenide and ebselen, two 

antioxidant selenium containing compounds in phospholipids extracted from chicken yolk eggs, in 

vitro. When ionizing radiation interacts with cells´ membrane, important chemical reactions occur and 

a chain of damaging and self-propagating events takes place. It is important to design new protocols 

involving new substances that could be potentially able to reduce cell damage by irradiation. These 

features are concerned to low level radiation interaction, mainly in photoelectric absorption energy 

range and low toxicity as well. Results from experimental set up and likelihood functions are mixed in 

order to work out a set of quantifying parameters. Biological tissue interaction with indirect ionizing 

radiation is an important issue in a wide spectrum of modern technologies application. Compounds 

that show the activity of reduction on free radicals damage are usually called radiomodifiers. More 

than 300 compounds were developed until now [2, 3, 4]. Among them, Amifostine (WR2721) [5,6] 

has been shown efficiency at a highest level of ionizing interaction, another example is the use of 
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vitamin E as a drug for recovering post-irradiation procedures showing good results for that treatment 

[7,8,9]. Therefore, these compounds must be able to keep free radicals activity at a lowest level by 

scavenging. Provide that, they are not supposed to interact strongly with radiation in order to avoid the 

secondary free radicals source effect. In fact, based in their structures, it is expected that these 

compounds have a low coefficient for photoelectric absorption (Fig. 2). The radiation dose for 

estimating high lethality is about 4Gy and this value will be assumed as a limit for estimating 

calculations [10,11,12] using BEIR V [13] model. 

 

3. Materials and Methods 
 

3.1 Hotspot Scenario and Solution 
 

Scenario’s data is shown below (see Table 1) representing the boundary values for the situation 

analysed in this work. 

 

Table 1: Scenario’s description for a short term emergency situation. 

 

Scenario’s description for γ – source (137Cs) (a) 

Source Material 
137

Cs 

Source Term 3,7000E+14 Bq 

Wind Speed (h=10 m) 17,0 m/s 

Wind Direction 270,0 degrees  Wind from the West 

High Explosive 100,00 Pounds of TNT 

IABTI safe distance 414 m (1357 ft) 

Eardrum ruptures and incapacitation ( 5 psi) 20 m - 32 m (66 ft - 105 ft) 

Lung damage and complete incapacitation (10 psi) 14 m - 21 m (46 ft - 70 ft) 

Onset of lethality (25 psi) 9,0 m - 14 m (30 ft - 46 ft) 

Stability Class (City) B 

Receptor Height 1,5m 

Sample Time 60 min 

Maximum Dose Distance 0,010 km 

Maximum Dose 0,037 Gy-eq to Red Bone Marrow 
(a)

 from HotSpot codes 

 
3.2 Reduction factor by Selenium Compounds 
 

Selenium compounds has been shown the ability to protect against lipoperoxidation from low LET 

(Linear Energy Transfer) ionizing radiation such as gamma or X-rays interaction. This feature is 

outlined by experimental data from 
60

Co gamma irradiation over phospholipids extracted from chicken 

yolk eggs, in vitro. Measurements were made using TBARS. This method quantifies the colorimetric 

reaction of a product from lipid peroxidation (malonaldehyde) with thiobarbituric acid. The reaction 

produce a colored compound which absorbs maximally at λ=532 nm. Both compounds were at the 

same concentration (50µM) and different activities related to phospholipids’ protection were detected. 

 
4. Results 
 

4.1 Seleniun Compounds 
 

Diphenyl diselenide and ebselen have shown different levels of protection over phospholipids in vitro 

experiments. Figure 2 shows different levels of protection for both compounds where diphenyl 

diselenide provides lower values of TBARS numbers, which indicates lower values of free radicals 

remainings. 
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Figure.2: TBARS method quantifies the colorimetric reaction of a product from lipoperoxidation. 

 

 
 

The average value of protection level was extrapolated as a real value for the cell. Using the BEIR V 

equations for leukemia model for men aged below 20 at the irradiation time, a semi-theoretical 

approach was made in order to verify the prospective impact of the compounds against stochastic 

radiation harm. Reduction factors from these curves was applied to HotSpot to help on the 

decisionmaking process on finding the best pathway to reach the target or using the reduction factor 

for keeping the risk rate at same level through the different pathways. Fig. 3, 4, 5 and 6 shows a semi-

theoretical approach of the experimental data. 

 

Figure 3: Cumulative probability of developing cancer from birth (men) calculated using DevCan. 
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Figure 4: A semi-theoretical approach over BEIR V equations (leukemia model). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Reduction impact on lung cancer risk model (BEIR V). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Reduction impact on digestive cancer risk model (BEIR V). 
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4.2 HotSpot Solution 
 

Figure 8: HotSpot codes solution for the scenario’s features shown above in table 1. 

 

 
 

The best pathway to reach the inner circle (Hotspot) is along the outer line, which has lower values of 

dose and dose rate related to the scenario’s features shown in table 1. These effective dose values over 

the outer line can be reduced by the action of the selenium compounds helping the managing of 

situation, shifting the crew more efficiently and protecting them over the period of duty against the 

late effects from ionizing radiation exposure. 

 

5. Conclusion 
 

Considering the possibility for transporting the ability of reducing radiation damage over 

phospholipids to real cells, both diphenyl diselenide and Ebselen can be used as a chemical 

radiomodifiers synergistically to the HotSpot code predictions for a radiological scenario, helping the 

management of the situation as well as the decisionmaking process. 
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