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Abstract. In the present work a description of an industrial gamma radiography incident is made and an analysis 

of the events which led to it is presented. The event took place during a routine regulatory inspection carried out 

by personnel of the Nuclear Regulatory Authority in the year 2004 to a storage facility of projectors and containers 

belonging to a company licensed to operate gamma radiography equipment. On arriving to the store authorized by 

the ARN, placed in an industrial site, it was verified that it was empty and without surveillance. The inspectors 

contacted the person responsible for radiological protection, who went to the place and declared that the totality of 

the equipment and radioactive sources had been moved to a private country house. The reason for this change, 

according to the statement, was that the company had gone bankrupt and the authorized storage facility had 

remained without surveillance and without personnel in charge. In the country house, inside the room meant as a 

store, high environmental equivalent dose rates were detected. After verifying the dose rates in each of the 

projectors, it was checked that one of them measured high dose rates. For this reason, it was isolated and the 

source recovery was done, due to the suspicion that it had remained in a non-shielded position. After projecting it 

several times towards a lead container due to the fact that high dose rates were still being measured, the person 

responsible for radiological protection proceeded to extract the source from the guide tube, finding that it had been 

transferred in the reverse order. According to the record of movements of equipment and radioactive sources of 

the company, the source transference had been done, in the previous store in the month of March 2004, by a 

radiographer who did not work at the company any longer and whose permit had expired. The results of the 

estimations of the doses received during the process of the source recovery are presented. Finally, an assessment 

relating to the circumstances that led to the event, its consequences and an analysis of the non-compliance with the 

argentine regulations concerning radiological protection is made. 
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1. Introduction 
 

In Argentina there is an average of 60 companies in the last years, which provide industrial gamma 

radiography service, one of the techniques used as non-destructive tests. In the area of industrial 

gamma radiography, the rhythm of work is associated with construction works, enlargement of 

pipelines and other works of the industrial sector. For this reason, there are periods of low activity and 

at the same time less production and fewer imports of radioactive sources; there are companies that 

interrupt the operation of their gamma radiography equipment, reduce the source exchanges and 
terminate contracts with radiographers and assistants.  In these periods, as a consequence of economic 

and administrative difficulties, negligence tend to be committed which can attempt against the 

radiological safety of the involved occupational exposed workers as well as members of the public. It 
is important to emphasize that it has not occurred any other accident related to the technique of gamma 

radiography which have resulted in high doses to occupational exposed workers or members of the 

public in our country since the accident that took place in the year 1968 [1].  
 

The Nuclear Regulatory Authority (ARN), as an autonomous body reporting to the President of 

Argentina by Act 24,804 known as the Nuclear Activity National Act, which came into force on April 

25, 1997, is empowered to regulate and control the nuclear activity with regard to radiation and 

nuclear safety, physical protection and nuclear non-proliferation issues [2]. Among its functions, it 

imposes sanctions which are graduated according to the gravity of the infraction in: written warning, 

fine which shall be applied proportionally to the gravity of the infringement and according to the 

damage potential, suspension of a license, permit or authorization or its revocation. In view of serious 

infringements of the radiation safety standards, it can confiscate the nuclear or radioactive materials, 
as well as precautionary close the installations subject to regulation. As the Nuclear Activity National 
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Act clarifies, it is understood by serious infringement the non-compliance which implies a serious 

threat to the security of the population or the protection of the environment or when the application of 

the physical protection or safeguards measures can not be guaranteed.  
 
The area of industrial gamma radiography of the ARN belongs to the Control of Radioactive Type II 

and III Facilities Division, and this one to the Radiological and Physical Protection and Safeguards 
Department. One of the main functions of the aforementioned area is to conduct inspections to all the 

authorized storage facilities of the gamma radiography companies with an annual frequency, and to 

other temporary storages of the operating organizations, as well as site radiography inspections which 

can be coordinated with Hygiene and Safety personnel of the clients of non-destructive tests, without 

previous announcement to the gamma radiography companies. The present paper gives a description 

of an event which took place during one of the routine inspections to an authorized store of an 

operating organization, where an anomaly was detected which resulted in the exposure of some 

people. The cause of this anomaly was the incorrect transference of a decayed source of 192Ir. The 

correct transference of such source is described and a dosimetric assessment is made. A detailed 
analysis considering other scenarios can not be made due to the high degree of uncertainty that this 

initiating event entails. An assessment relating to the circumstances that led to the event, its 

consequences and an analysis of the non-compliance with the argentine standard concerning 
radiological protection is made. 

 

2. Some data of the company  
 

The operating organization to which this work refers had its legal address and its storage facility 

address in an inland province of the country. At the moment of the incident the aforementioned 

company had more than 20 gamma radiography projectors and containers. The authorized store was 

placed in an industrial site which was under 24-hour surveillance. It is worth clarifying that this 

organization, according to the previous year inspection, complied with all the requirements specified 

in the national regulations in force. (AR Standard 7.9.1.) [3]. 
  

3. Description of the event 
 

The inspection team (consisting of two industrial gamma radiography inspectors) turned up in the 

industrial site on September 30, 2004, in order to conduct the annual routine inspection, finding the 

organization store closed with padlock and without surveillance staff. From that place, the inspection 

team contacted the Person Responsible for Radiological Protection (PRRP) of the organization, who 

immediately went to the storage facility.  Once there, he declared that the totality of the equipment and 

radioactive sources had been moved to a private country house, place which had formerly been an 
authorized store by the ARN.  

 

In the country house, all the equipment was placed in a metallic box closed with a padlock, inside a 
store made of concrete, covered with a roof, with a door closed by padlock.  It called the attention of 

the inspectors the environmental equivalent dose rate measured from the door of the store (50 µSv/h), 
two metres away from the box.   

 

The two inspectors started the verification of each one of the projectors separately, outside the store. 
The last projector to be controlled was brand Tech Ops, model 533, with no visible serial number, 

which was being used as a container of a decayed source of 
192
Ir, with an activity of 25, 4 GBq.  The 

radiation monitor of one of the inspectors emitted a warning audible signal and a dose rate of 
approximately 15 mSv/h was measured at 0, 5 m. The operator was requested to move the projector 

away and to use the available shielding in order to cover it until the situation had been assessed. Not 

being source recovery equipment (shielding and long handling tongs) available in the country house, 

the operator proceeded to move the projector away and shield with things available in site (metal 

sheets, wood boxes, among others). 

 

An imbalance in the uranium shielding was suspected and it was requested to another operating 

organization located in the proximity to lend an empty lead container in order to house that source. 
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The source transference from the projector to the lead container was started using a control cable for 

Tech Ops projectors which the PRRP had at hand in the store. The pigtail identification was verified, 

distinguishing the inscription “engage gauge”, which corresponds to a dummy.  However, the high 

dose rates measured made it unthinkable that it could be a dummy. After three attempts of source 
transference, the same high dose rates were still being measured. Subsequently, the guide tube was 

disconnected from the projector, it was moved away and the dose rate measured at the projector 

dropped to 20 µSv/h, which was consistent with the uranium shielding of the projector. The high dose 

rates continued to be measured in the connection of the guide tube and the container, which did not 

seem reasonable if the source was inside it. The PRRP then suggested that the source could have been 
put in reverse order, not correctly transferred. Considering this possibility, he disconnected the guide 

tube from the container and after verifying that the suspicion was confirmed, the PRRP took the 

source out of the guide tube with a tong and put it inside the shielding.  The dose rate measured at this 

time was 20 µSv/h in the container sides and 1 mSv/h at the top of it. The PRRP plugged up the 

container and put the projector away in an overpack of the company. 
  

By way of illustrating, a cross-section view of a Tech Ops projector with the position of a source 

abutting the dummy connector is presented in Fig.1 and a cross-section view of a Tech Ops projector 
with the source in a fully-shielded position is shown in Fig. 2.  

 

Figure 1: Cross-section view of the projector with the source as it was detected during the inspection. 
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Figure 2: Cross-section view of the Tech Ops projector with the source in a fully-shielded position. 

 

 
4. Subsequent actions 

 

Having then verified that the projector shielding was not damaged, the correct source transference to 

the projector was made by two authorized radiographers belonging to another operating organization 

and under the supervision of the audited one.   

 

The ARN area manager was notified of the event and he requested that the country house was under 

surveillance by the Federal Police. By common consent with the PRRP of the operating organization, 

all the equipment and sources were transferred to the Waste Disposal Area of the Atomic Energy 

National Commission, and both the Operating License of the company and the Individual Permit of 
the PRRP were suspended.  

 

As well as the suspensions, the ARN applied both to the operating organization and the PRRP the 
Sanction Regime [4] in force. As part of it, the PRRP was requested to send a report containing a 

description of the facts which led to this situation, part of which is mentioned below.  

 

In his statements, the PRRP informed that at the beginning of March 2004, having decided the sale of 

one empty projector, he requested one person of the staff (whose individual permit had expired in the 

year 2001) to empty this projector by transferring the source contained in it to the above-mentioned 

projector Tech Ops 533. 

 

The PRRP declared that once the transference had been finished, and recognizing that it had not been 
verified by him, the projector was stored in a pit at a depth of 0, 60 m, with concrete walls, in a place 

located furthest from the access door. He stated that the said projector was not visible from the bunker 

door and neither was it visible from the place where the projectors of frequent use were kept. He also 
assumed all the responsibility for not having verified the correct source transference to the projector 

used as container.  

  
In addition, the PRRP justified the sudden move stating that it was due to an unfavourable situation of 

the company. For this reason, the company stopped providing gamma radiography services in the 

middle of July and stopped offering services as a company in the month of September.   
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The PRRP stated that when he began cancelling the contracts of the company staff, the industrial site 

remained without surveillance, and because it was near a marginal zone, he thought it would be 

convenient to put the equipment under shelter in the previous company store (country house), which 

was under surveillance by a member of his family during the daytime.  
 

The PRRP said he had cancelled the dosimetric service from March 2004; for this reason, there were 

not records of the company staff monthly doses.  
 

After the recovery task, the company records were verified, finding the transference from one 

projector to the other one and the name of the person who had made it, registered by the PRRP and not 

signed by the person who effectively made it. Once located this former radiographer, during his 

defence, he denied emphatically having made such source transference. 

 

The inspectors dosimeters were immediately evaluated and the one from the  inspector “1” gave a 

result of 0,1 mSv and the one from the inspector “2” measured less than the detection limit (0,1 mSv). 

 

The ARN imposed fines both to the operating organization and the PRRP, for what had happened. In 
relation to the person who had presumably made the transference, considering his defence, in which he 

denied all responsibility concerning such source transference, and having not found enough proofs, he 

remained exempt from sanctions.   

 

5. Dosimetric assessment of the source recovery 
  

At the moment of the source recovery there was no radiation protection equipment or suitable source 

recovery equipment at the site. There were not personal dosimeters due to the fact that the operating 

organization had cancelled the contract with the provider of this service once it gave up operating.   

 
5.1 Data 
 

Place: Private country house. Date of ARN inspection: September 30.  
Source activity: 4,181 GBq; Calibration date: 25/02/03  

Activity at the moment of the inspection: 25, 4 GBq.  In order to simplify and make the calculations 

more conservative, a naked source is considered.  

The distances are estimates and the length of the projector, the control cable and the guide tube are 

considered. 

 

Persons involved:  

 

• PRRP of the organization  

• Member of the public (PRRP’s relative) 

• Inspector “1” 

• Inspector “2” 

 

5.2 Calculations 
 

2

..

d

tA
D

Γ=  

 

D: dose  

A: activity  

Γ: Gamma factor is the absorbed dose rate in mSv.h-1 at 1m from 1 GBq of the radionuclide. In case of 
192
Ir is 0, 13. 

t: time 

d: distance 
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Table 1: Estimation of doses for the PRRP considered by tasks. 

 
Task Description Duration Distance source-operator Dose (mSv) 

1 The projector is carried to a 

table for inspection  

10 s 15 cm (hand and leg) 0,408 

2 The projector is transferred to a 

remote place 

45 s 15 cm (hand and leg) 1,834 

3 The projector is carried to the 

recovery zone  

45 s 15 cm (hand and leg) 1,834 

4 The control cable is connected 

to the pigtail 

40 s  7 cm (hand) 7,488 

5 The guide tube is connected 15 s 29 cm (hand) 0,164 

6 (a) Process of transference 1 min 9,29 m (whole body) 0,001 

7 Verification of the connection 

control cable- pigtail  

1 min 2,29 m  (hand) 0,010 

8 Control of  source position  2 min 2 m (whole body) 0,028 

9 Disconnection of the guide tube 

from the projector  

15 s 2 m (hand)  0,003 

10 Recovery  15 s 15 cm (hand)  0,610 

 
(a)
 In this item, the various projections that were made are considered (in total: three projections)  

 

Table 2: Estimation of doses for the inspector “1” in the whole body, due to the tasks carried out by 

the PRRP which kept her more exposed to the source. 

 

Task Description Duration Distance source-inspector Dose (mSv) 

1 The projector is carried to a 

table for inspection 

10 s 30 cm 0,102 

3 The projector is carried to the 

recovery zone 

45 s 1 m 0,041 

4 The control cable is connected 

to the pigtail 

40 s 1 m 0,037 

5 The guide tube is connected 15 s 1,29 m 0,008 

6 (a)  Process of transference 1 min 9,29 m 0,001 

7 Verification of the connection 

control cable-pigtail 

1 min 2,29 m 0,010 

8 Control of  source position  2 min 2 m 0,028 

9 Disconnection of the guide tube 

from the projector  

15 s 2 m 0,003 

10 Recovery  15 s 2 m 0,003 

 
(a)
 In this item, the various projections that were made are considered (in total: three projections)  

 
Table 3: Estimation of doses for the inspector “2” in the whole body, due to the tasks carried out by 

the PRRP. 

 

Task Description Duration Distance source-inspector Dose (mSv) 

1 The projector is carried to a 

table for inspection 

10 s 30 cm 0,102 

 All the operation of transference 434 s 10 m 0,004 
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5.3 Results 
 

Considering all the tasks carried out during the inspection in relation to the source recovery, the 

estimated total dose for the PRRP of the organization was 12,35 mSv in limbs  and  29 µSv in whole 
body. 

The equivalent dose of “1”, who was nearer the operator, was 233 µSv in whole body. 
The equivalent dose of inspector “2” was 106 µSv in whole body. 
The equivalent dose of the PRRP’s relative (member of the public), who was close to the inspector 

“2”, was 4 µSv. 
 
6. Analysis of the situation 
 

The operating organization committed a series of irregularities, detailed in chronological order: 
 

- The PRRP ordered a person whose individual permit as operator had expired to make a source 

transference (in case the statements made by the PRRP are true). 
 

- The operator in charge of the transference and/or the PRRP did not use a radiation monitor at the 

moment the source was transferred to the projector model 533, used as a container, in order to verify 
the correct source transference.  

 

- The PRRP did not measure the radiation background in the store during all the period (March-

September) that the source remained not fully shielded.  

 

- Suspension of the dosimetry service, even being the operating organization with its Operating 

License in force and without notifying it to the ARN.  

 

- The change of store was not notified to the ARN, prior to the transference of all the equipment with 
their contained sources.  

 

- Lack of radiation protection equipment and source recovery equipment in the country house.  
 

The situation could not be completely clarified. A record of the persons who operated the equipment 

and who made source transferences between equipment was followed by the PRRP. The person 

suspected was logged in that record. However, there is nothing that can prove this person had 

effectively made the transference of this source. It is possible that the person who made the source 

transference from projector to projector did not know how to transfer a source and that it could be 

pushed by the security cap which is put to the projector.  

 

The national standard [3] specifies in its item 31 that after each radiographic exposure (in this case it 

was not an operation, but a transference which generates radiation exposure) the operator must verify 

the correct source recovery to the projector (or container) through monitoring using a portable survey 

meter. The non-compliance with the said item is considered in the article 16° of the Sanction Regime 

[4]. This situation is further aggravated by the fact that this person (in case he had done it) had his 
permit expired [5].    
 
It is considered that this non-compliance with the regulations in force could have resulted in 

considerable doses to occupational exposed workers and/or members of the public. For this reason, in 

connection to the severity of the infringement, it is considered serious, even when the good 
willingness shown by the PRRP to lessen the effects is considered an attenuating fact.  In relation to 

the damage potential, it is also considered serious, due to the source category involved (industrial 

gamma radiography) and its potential to cause serious damages in people health.  
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In addition, the item 32 specifies that while gamma radiography projectors are not in use, they must be 

put away in the storage facility authorized by the ARN. The non-compliance with the said item is 

considered in the article 8° of the Sanction Regime. 

 
In connection with the transference of all the equipment with their respective sources to the store 

which was not included in the Operation License as being authorized by the ARN, it is understood that 

the non-compliance is of an administrative type due to the fact that it did not imply a worsening of 
radiological safety. It is also considered that it was the first authorized store the operating organization 

had had and that the transfer was due to an assessment of the safety and security conditions, which had 

become not suitable for the authorized store at that moment. 

 

7. Conclusion 
  

It is proved, like in the majority of the cases of accidents and incidents related to this technique, that 

these situations are caused by the non-compliance with the regulations in force; for example in this 

specific case, the lack of use of radiation protection equipment and the excess of confidence of the 

PRRP in delegating and not controlling that the operation had been made in the correct way 
(considering that it had happened as he had declared).  

 

Only the strict observance of the regulations in force, the continuous training and practice of the 

staff/personnel, the compliance with the procedures, and the strict control regarding all that is 

concerned with radiological and physical protection in the operating organization as far as the PRRP is 

concerned make it possible that situations like this one which attempt against individuals health do not 

occur.  

 

It is important to highlight that all the irregularities which conducted to the above-mentioned 
unjustified exposures are indicative of a lack of safety culture within the operating organization. 
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