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Abstract 

  Since an accurate dose assessment is essential in industrial radiography accidents to make the best 

decision and  correct action for preventing serious radiobiological harms, Monte Carlo simulations could 

be a trustful way in this regard. In this study Monte Carlo code has been used to simulate one of the main 

and prominent radiography accident happened in Iran. On 24 July 1996 a serious accident occurred at the 

Gilan combined cycle fossil fuel power plant in the Islamic Republic of Iran, when a 33 years old worker 

who was moving thermal insulation materials around the plant noticed a shiny, pencil sized metal object 

lying in a trench and put it in his pocket. He was unaware that the metal object was a 192Ir source used for 

industrial radiography. Based on IAEA report No: STI/PUB/1123 in 2002, he received an average whole 

body dose by 2 Gy. According to the mentioned story and data a simulation was done for this accident by 

MCNP, Finally, more likely scenarios were simulated for 2 Gy average whole body dose.  
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1-Introduction 

 
Industrial Radiography is one of the most dangerous procedures using ionizing radiation for testing  the 

structural integrity of material in non-destructive ways. In this issue, using gamma radiography sources, and 

especially 192Ir is the most common technique using in oil and gas industry for radiography testing. In this 
regard to perform of industrial radiography safely, the IAEA is authorized to establish standards for radiation 

protection of peoples, workers and environments. Furthermore, the International Basic Safety Standards 

(BSS) for Protection against Ionizing Radiation and for the Safety of Radiation Sources has established the 

requirements regarding to protection and safety. The BSS presume that authority bodies have an adequate 
legal and regulatory infrastructure within which the requirements can effectively be applied. In spite of all 

precautions and radiation protection rules, accidents in industrial radiography continue to occur regularly. 

Studies show that the accident happened when a radioactive source temporarily was not under adequate 

supervision. 
As most of the time, the exact story of industrial radiography accidents is not clear, estimation based on 

formula is complicated, and determining of dose calculation is faced with huge uncertainly. In high level 

doses, on the other hand,, the results of active and passive personal dosimeters are not reliable. In this study 

MCNP modeling has been considered as a more suitable and replacing method. 
Nowadays, MCNP code is using to calculate external and internal absorb dose in different practices such 

as radiotherapy, nuclear medicine, radiology and industrial radiography. In this study, it has been tried that 

MCNP4C is used to calculate organs and whole body dose in industrial radiography accidents. To rely on the 
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result of this simulation, a prominent accident reported by IAEA was considered as a trustful reference, then a 

phantom was modeled based on data with critical organs to calculate organs and whole body doses by MCNP 
modeling,  

 According to IAEA report NO:STI/PUB/1123, the accident was happen for a man named K.Z, 33 years 

old weighed 60 kg working at the Gilan plant. He came from a rural village in the north of the Islamic 

Republic of Iran and was unable to read. Soon after starting his work at 08:00 on 24 July 1996 (Day 1) was 
climbing up a ladder carrying heat insulation material when he noticed a shiny metallic object (the 192Ir 

source) lying in the trench. Once down the ladder, he picked up the source and put it in the right breast pocket 

of his coveralls. Over the next 1.5 h, K.Z. repeatedly removed the source from his pocket to inspect it and then 

returned it to the pocket on a number of occasions. At around 09:30 he started to experience dizziness, nausea, 
lethargy and a burning feeling in his chest. Believing that the object was a possible cause of his symptoms, he 

put it back in the trench and then went to the workers rest room. 

 

2-Method 
According to the story and existing data, it was tried to model a phantom as close as to the 

person involved in the accident, so a male phantom weighted 63 Kg and 164 cm height with 24 

organs and  44 cells was simulated for calculation of  the organs and whole body dose Fig-1. 
According to IAEA report and K.Z mentions, an 192Ir source was put in the right breast pocket in 

different distances to compare our simulations with IAEA scenarios (report No: STI/PUB/1123). 

Then base on scenarios, the most likely distances 1.5, 3, 10, 20 cm were considered. These different 

scenarios were investigated to evaluate the most possible position of source to body and approximate 
possible source activity to cause 2Gy whole body dose and such extended wound. 

 

 

 
                                                           Fig 1.The Phantom 

 
 

However, because of the differences in sensitivity among the various tissues, the value for the 

proportionality factors differs among the tissues. The relative sensitivity to detrimental effects, 

expressed as tissue weighting factors WT of the several organs and tissues that contribute to the 



overall risk. The weighting factors were used from ICRP103-2007 (table 1).  For more accurate 

calculation all 192Ir energies were used with the related intensities.  

 

Table 1.ICRP 103 Organ Weighting Factors        

 ICRP 103 (2007) 

Bone marrow 0.12 

Breast 0.12 

Colon 0.12 

Lung 0.12 

Stomach 0.12 

Remainder 0.12 

Gonads 0.08 

Bladder 0.04 

Liver 0.04 

Esophagus 0.04 

Thyroid 0.04 

Skin 0.01 

Bone surface 0.01 

Brain 0.01 

Salivary glands 0.01 

 

3-Results and Discussion 

There could be some possible scenarios cause an effective whole body dose-2 Gy. In this study 

three likely scenarios have been investigated. 
A) In the first scenario, the source is a bit far from skin. Based on he lesion area on the chest, the 

distance of source might not be in contact with skin, in this scenario, 20 cm assumed by IAEA. Based 

on the MCNP simulation, this can be happened if source activity be 28.8 Ci   

B)The second scenario happened when source skin distance is half of first scenario. But source is 
moving in the loose pocket. In this scenario, IAEA has considered that the source was placed in a 

pocket with 10 cm distance to body, but the source moved around in the pocket with respect to the 

body as a consequence of being taken out to be looked at and then being replaced in a different 

position, or perhaps also while the individual was working (moving up and down the ladder, etc.). 
This could help generate a larger, apparently uniform area of exposure.  

C)In the third which is more possible one, no long distance has been considered. Since, accident 

was happened during the summer in the hot area, possibly source position should be close to skin. 

Accordingly, based on dress style in summer the most likely distance should not be almost more than 
3 cm and eventually less than 1.5. With Considering 2Gy effective whole body dose received by the 

worker, our modeling shows that if source skin distance would be 1.5 to 3 cm, then source activity 

could be between 15 to 16 Ci for the third scenario-Table 2. 

   



 

Table 2.Calculated source activity for each Distance  

Scenario Distance (cm) Source Activity  

3 1.5 15 Ci 

3 3 16 Ci 

2 10 20.3 Ci 

1 20 28.5 Ci 

 

For calculation, on the other hand, IAEA assumed that when source is close to skin (2π total), 
some radiation may not strike the body (radiation from one side (2p) does not strike the body), and a 

considerable fraction will pass through the body. In addition, a large amount of radiation is 
backscattered (~20%). On that basis, it was estimated that a maximum of 30% of the source energy 

would be deposited in the body. The total energy emitted per decay of 192Ir is 0.811 MeV, and hence 

deposition of 0.24 MeV per decay was assumed. Calculations were then undertaken assuming a 1.5 h 

exposure to a 1 GBq source, with the following results: 
 

Energy deposited:                                  0.24 × 5400 × 10
9 MeV 

 

                                                               1.3 × 1012 MeV 
 

                                                               1.3 × 1012 × 1.6 × 10–13 J         0.21 J 

 

Assuming K.Z. weighed 60 kg:             Dose = 0.21/60 = 3.5 × 10–3 Gy 

 

Using this value, and taking to account the average whole body dose by 2 Gy, gives a source 

activity of 16 Ci. Hence, it was concluded at the IPSN, Paris that the source activity was about 

three times higher than the 5Ci quoted by the Iranian authorities for this geometry.  
 

Table3.Organ Doses for 3cm Distance and 16Ci Source Activity during 90 Minutes 
 

 

Organ Effective Dose(Sv) 

bone marrow 1.96E-01 

colon 1.55E-01 

lung 1.69E-01 

stomach 7.86E-02 

gonads 4.82E-03 

bladder 1.02E-02 

liver 1.23E-01 

skin 1.18E-02 

bon surface 2.58E-02 

brain 2.50E-04 

Reminder 1.22 



 

According to Table 3, the organs dose were calculated by the MCNP modeling for 16 Ci 

source activity and 3 cm source to skin distance as the most possible scenario.  

4-Summary and Conclusion 
In conclusion, although Iranian authority and also the German company performing 

the radiography work confirmed that the source activity had indeed been about 5Ci, our 

modeling and IPSN- Paris calculation prove that the source should be about three times 

higher than the 5Ci quoted. The first point that needs to be considered in this accident is 
that, 10 and 20 cm could not be possible because of wearing style in summer seasons in 

Gilan state with around 40 Centigrade degree and 90% percent humidity. Therefore, the 

first and the second scenarios are could be less likely due to mentioned reasons. While, 

based on date and conditions, the most probable scenario should be 1.5 to 3 cm distances. 
According to Iranian authority and German company selling the source, if the source 

activity would be 5Ci, then source must be in the pocket around 288 minutes to receive 2 

Gy effective whole body dose. This study shows that the modeling by MCNP is more 

compatible with IAEA and IPSN- Paris results and could be consider as a trustful way to 
calculate organs and effective whole body dose in industrial radiography accidents.   
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