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Abstract. In Argentina, radioactive sources for application in industrial gamma radiography are manufactured using 
small metallic discs called pellets of radioactive isotope Ir-192, that are imported. They are to be shipped in specially 
sealed recipients according to their high radioactive levels. These recipients are large enough to contain activities as 
high as 296 TBq and are therefore approved as Type B(U) packages. 
This paper thoroughly describes a particular import of this material in which an exceeding 220 ± 2 pellets 
(75,62TBq) was found. The total amount of activity had not been declared adequately by the consignor. 
The corresponding notification to the Argentine Nuclear Regulatory Authority (NRA) was made by the importer and 
national manufacturer at the moment these particular pellets were to be used for source production. The exceeding 
material doubled that which had been authorized to be imported. After the notification and since the material had 
entered to the country illicitly, customs legislations were applied in a legal process in which the Nuclear Regulatory 
Authority participated as well. 
The decision of the judge was to ship the exceeding cargo again to its proceeding country. However, a significant 
time had passed since the cargo arrived and the pellets had stuck to each other due to high temperature. This made 
them impossible to handle in order to encapsulate them as special form radioactive material again for their shipment 
in the available Type B (U) package. 
In the outcome, the material was retained at the manufacturer facilities, in its original packaging, with suitable 
radiological and physical conditions to guarantee safety and security, waiting until its activity had decayed to 
acceptable levels for its shipment as Type A package. 
As a result, a need to require further technical specifications from the vendor was detected. These specifications 
should warn about the period in which these pellets may be utilized for source production before sticking take place. 
It is also necessary to make a feasibility study in order to establish a procedure that make it possible to verify from 
external radioactive measurement the activity consigned in shipments when importing and exporting. This would be 
of great help to perform the regulatory control of the incoming and outgoing radioactive material to and from any 
country. 
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1. Introduction 

1.1. The regulation of the Industrial Gamma Radiography activity in Argentina 

The industrial gamma radiography is an area of work with a market consisting of some 60 companies 
around the Argentine Republic, which provide services to industries engaged in oil refining, pipeline 
construction and ship manufacturing, among other activities. These companies have different kinds of 
projectors of industrial gamma radiography. However, the suppliers of radioactive sources for these 
projectors are few. 

Presenting author, E - mail: nsamsolo@sede.arn.gov.ar 

1 

mailto:nsamsolo@sede.arn.gov.ar


The Argentinean Nuclear Regulatory Authority authorizes in different ways the acquisition of radioactive 
material for the above mentioned use, which are listed below: 

1. Through an authorization to import radioactive sources that is given to entities previously 
authorized to operate equipment of industrial gamma radiography for its own use. 

2. It also authorizes companies whose purpose is to import and sale industrial gamma radiography 
sources. 

3. Entities, previously authorized to operate equipment of industrial gamma radiography, may 
acquire industrial gamma radiography sources through a manufacturer, in Argentina, authorized to 
produce Radioactive Sources for use in industrial gamma radiography. 

The amount of radioactive sources and radiation activity for which each company is authorized to handle 
is specified in terms of technical assessments related to radiation protection. These assessments are carried 
out by the technical staff, in particular inspectors, from the Argentinean Nuclear Regulatory Authority. 

1.2. Radioactive Sources production 

In Argentina, radioactive sources of the Ir-192 isotope are manufactured only to be used for industrial 
gamma radiography. For the manufacture, this isotope is imported in small metallic discs called pellets. 
These pellets are encapsulated as special form radioactive material and are shipped in Type B (U) 
packages. They are usually transported by air. 
The manufacturer of radioactive sources has to ask for an authorization for the import of such material 
from the Argentine Nuclear Regulatory Authority. It must be declared the radioactive activity of the 
material at the estimated date of import. Once the radioactive material enters the country, the 
manufacturer, after the necessary arrangements with the customs, withdraws the container and moves it by 
land routes until its facilities. 
At this point, the manufacturing process basically consists of the following steps: 
The received container is placed inside a hot cell and the sealed capsules containing radioactive material 
are drawn. 
The capsule is opened in order to manipulate the pellets, to build the sealed sources, through a technique 
developed by each manufacturer that will be used in the industrial gamma radiography equipments. These 
sealed sources are special radioactive form materials. Different radioactive sources are produced for the 
various designs of industrial gamma radiography projectors which exist in Argentina. 
Finally, the empty container is returned to its proceeding country, to its owner. 

2. Development 

2.1. Pellets of Ir-192 detected as exceeding radioactive material in an Argentinean Import. 

In March 2007 it was authorized, by the Argentinean Nuclear Regulatory Authority, the entry of 85.1 TBq 
of Ir-192 in pellets of 0.370 TBq each as it had been declared by the national importer and manufacturer. 
As usual Argentina had given its prior consent to the proceeding country. [1] 
The pellets came encapsulated in as special form radioactive material within a Type B (U) package. [2] 
Later, the manufacturer notified to the Argentinean Nuclear Regulatory Authority that he had received a 
greater amount of radioactive material than the declared one. The amount was approximately twice of that 
declared. The exceeding material was 220 ± 2 pellets of Ir-192 with a total radioactive activity of 81.4 ± 
0.740 TBq. Nevertheless, the type B (U) package design used, allowed a much greater radioactivity than 
the one that had been shipped. That fact allowed to be sure there had not been any radiological problem 
during the transport. 
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The Argentinean Nuclear Regulatory Authority performed an inspection in order to verify that the 
radioactive material was in adequate security and safety conditions. This inspection was carried on with 
Argentinean Customs. Customs were concerned with the fact it were a smuggling problem. 
The exceeding pellets in the incoming container remain in the manufacturer facility under appropriate 
security and safety conditions. 
Meanwhile this event caused legal actions from the part of Customs that involved the manufacturer. The 
manufacturer proposal of returning the exceeding radioactive material was the decision adopted. The 
Argentinean Nuclear Regulatory Authority, as well Customs agreed that was the best way to act. As a 
result of this, the manufacturer of pellets in the proceeding country, the Argentinean Nuclear Regulatory 
Authority and the national manufacturer of radioactive sources analyzed the ways in which this material 
might be sent back. 
The main problem was that the original capsule containing the pellets had already been opened, and all 
pellets had been extracted in order to manufacture the radioactive sources. As a consequence, this capsule 
could not be used again to house the surplus pellets and then sealed it. Everything necessary for the 
normal relocation and transport as a Type B (U) package. [2] 
It was then that the Argentine Nuclear Regulatory Authority in agreement with the national manufacturer 
decided to use these pellets and build radioactive sources according to the normal procedures and submit 
them as such to the manufacturer pellets in their home country. This would have been one feasible way to 
send the pellets in the special form required for the relocation in the Type B (U) package. [2] 
When the national manufacturer wanted to use the Ir-192 pellets to manufacture radioactive sealed 
sources, it realized that these pellets were stuck to each other mainly by heat action. This made it 
impossible to handle them inside the hot cell to produce the radioactive sources. 
This opened a new dilemma on what to do with this material to be able to forward it as soon as possible to 
their home country and, again, several options arose. 
The first option was to send it as a special arrangement, which involved hiring an aircraft or other means 
of transport exclusively for the transport of this material, complying with the TS-R-1. It would have 
implied a big economical effort in getting the security and safety conditions required. This option was not 
taken into account, it was decided to explore another one. 
The second option required that the manufacturer, from its home country, send an adequate capsule in 
which the pellets would be accommodated for the shipment in type B (U) package. This capsule should be 
sealed in Argentina. 
However, the design of this capsule would have demanded an approval from the Argentinean Nuclear 
Regulatory Authority as an special form radioactive material [2], This would have taken too long time, 
during which the radioactive material activity would have decayed by half. 
This prompted the latest idea. On one hand, the radioactive material was in adequate security and safety 
conditions within the national manufacturer's facility. On the other hand, it was possible to wait until its 
activity decayed to a quantity that made it possible to make the transport in the same package that had 
entered to Argentina using it as a type A package [2], Summing up, it would strongly simplify its 
transportation. 
As a consequence, it was agreed that during its stay in the country, the material would be under the 
responsibility of the national manufacturer controlled by the Argentinean Nuclear Regulatory Authority 
under appropriate security and safety conditions. Then it was set the approximate date at which this 
material would have decayed to the radioactive activity that allowed the safe transport. Time in which it 
would be possible to return the exceeding material to its proceeding country. 

2.2. A brief analysis of Incident 

This incident did not have any radiological consequences. However, It would be desirable to strengthen 
the regulatory controls to detect easier undeclared incoming and outgoing of radioactive material. 
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In spite of good practices carried out by the manufacturer of sources in our country and its foreigner 
supplier of radioactive material, the control of documentation that has to be presented in order to import 
and/or export of radioactive material could be only a part of the control that should be done. 
The Authors of the present work think that count on means to measure the radioactive activity with some 
precision, in order to verify the amount of it that has been declared in the corresponding exports and 
imports, it would be an improvement to the regulatory controls over radioactive material. 
However, we know that for normal conditions of transport, other than special arrangements, the 
maximum dose rates in contact with package or overpacks should not exceed 2 mSv/h. [2] 
Subsequently ¿can we measure with any degree of confidence dose rates lower than 2 mSv/h, and quantify 
them in order to use them in regulatory controls? 

2.3. Quantifying the dose rate in contact with containers that use depleted uranium as shielding 

Measuring the dose rate in contact with the external surfaces of packages or overpacks is a common task 
for operators and inspectors in order to categorize the packages, controlling this dose rate be less than 
2mSv/h. [2] 
Nowadays we propose to perform the same measurement to control the radioactive activity inside the 
package/overpack. We expect to make the same dose rate measurement, not only to provide with 
information to make the categorization or the control of the categorization, but to allow quantification of 
the radioactive activities. The dose rate measured will let to know, with a certain degree of precision and 
by a simple calculation, the range of radioactive activity found inside of the transport container. We will 
determine the calculation for a similar container and amounts of radioactive activity equivalents to that of 
the package that showed the control weaknesses and will see whether our method is feasible. 
We will determine on a theoretical basis the dose rate in contact with a container that houses an 
radioactive activity of 85.1 TBq from Ir-192. 

2.4. Relation between Activity and Dose Rate 

The maximum dose rate measured in contact and outside of the container is directly proportional to the 
radioactive activity that carries inside. Consequently, the relation will be as follows: 

DU 92=m-A 0) 

Where 
A = Activity of Ir-192 inside the container 

D' 
ir-m = Maximum dose rate measured in contact outside the container in a given point 

m = slope of the curve that only depends on the type of shielding that using the containers 

2.5. Assumptions and Estimates 

1.-The dose rate, from the container made of depleted Uranium shielding, is not considered by the 
calculation software but it is experimentally measured. When measuring the dose rate of the empty 
container, we obtained a value of 5(iSv/h. It will be attributed to the presence of depleted Uranium in the 
shielding. To calculate the activity of Ir-192 inside the container, every experimental contact dose rate 
must be corrected using this criterion. 
2.-We supposed that 85.1 TBq of Ir-192 are contained within one sealed capsule. The capsule is stuck to 
the tungsten insertion. The Ir-192 pellets are randomly located at the bottom of the capsule and they 
occupy a cylindrical volume which we consider as the geometrical form of the source. 
3.- We subtract the experimental dose rate due to the depleted Uranium that is measured in the empty 
container. 
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4.-We adjust the activity range values considering the measuring error of the detector used. 

2.6. Container Design 

Figure 1: Transport Container Design simulated by software 
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2.7. Required data for the calculation 

Table 1: Data taken on the basis of measures taken to the container, data taken from the Certificate of 
Approval of the type B (U) package and geometric approximations of the source made up of pellets of Ir-
192 

Thickness (Cm) Height (Cm) Radius (Cm) 
Source - 0.33 0.45 

Tungsten Insertion 2.05 - -

Uranium shield 5.3 - -

Uranium Cover 5.8 - -

Activity of lr-192 85.1 TBq in the 1st calculation 
source 

MicroShield v.5.03 Software was used. Depleted Uranium was introduce as a factor of Build Up for the 
calculation in the program. 
The dose rate spot was taken at X= 7.8 Cm, Y=0.165, Cm Z=0, where X represent the sum of all 
thicknesses and the source radius, and Y represents the height of the source. 

2.8. Calculation Results 

D' = D' + D' ^total Ir-192 ^ ^£7-235 (2) 

5 



From (2), we infer: 

D* = D' - D' m /r-192 total ^U-235 V-V 

Table 2: Experimental values and results obtained applying equation (3) and MicroShield Software 

D' 
total 

53 ± 3 (iSv/h (a) 

D' 
U-235 

5 ±1 (iSv/h (b) 

D' 
^Ir-192 

48 ± 4 (j,Sv/h (c) 

D'lr-192 Theoretics 44.90 (iSv/h 

Instrumental error attributed to Geiger - Miiller detector fluctuation, used at the 
experimental measurement and whose fluctuation exceeded detection limit. 

ih| Instrumental error attributed only to detection limit of Geiger - Miiller detector: 1 
(j,Sv/h 

(c) Sum of errors. 

The software calculated theoretical value of D'lr_m falls within range values of experimental error, which 
confirms that the assumptions and estimation considered in 2.5 are valid. 
The next step is to determine the slope m of equation (1) to be able to use the calculation in any range of 
activity. By doing so, we will be able to draw the characteristic curve for this particular container. 

From (1) we infer: 

D' 
m = Theoretlcs (4) 

A 

Using the theoretical value of D'lr_m obtained by software and the activity value of 85.1 TBq of Ir-192 in 

the container, we can infer the value of m at that dose rate. 

Table 3: m value from equation (4). 

m 0.527 nSv/(h. TBq) 

Considering this result for the slope, equation (1) becomes as follows: 

theoretics = 0 . 5 2 7 ^ ( 5 ) 

When measuring activity in the container, we will measure a total dose rate as that indicated in table2: 
D' 

total p o r this purpose, we need to consider the dose rate that comes from the container shielding: 
D' 

u-235 ^ which has a constant value as indicated in table 2. 
Equation (5) then becomes: 
Aotai = 0 .527-^4 + 5 (6) 
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The aim of this work is to find a tool to estimate the radioactive activity of Ir-192 that contains a container 
from the measured dose rate at a certain point and outside the container. Therefore, we must invert 
equation (6) to obtain the radioactive activity of Ir-192 as a function of the total measured dose rate: 

^ _ (Dtotal ~ 5 ) 

0.527 1 ; 

This is the expression of the characteristic curve of the studied container that enables to theoretically 
estimate the activity inside the container by measuring the contact dose rate experimentally. 
The characteristic curve of the studied container is obtained according to figure 2. 

Figure 2: Container characteristic curve 

Container Characteristic Curve 

Dose Rate (|iSv/h) 

The points of this curve are representative and shows interval errors in both A and D*otal. 
The last point was taken in 296 TBq of radioactive activity and this is the maximum capacity that these 
containers can be transported. 

3. Discussion 

With the m value that was obtained, we were able to approximate the minimum detectable radioactive 
activity, considering the measurement error as mentioned in item "b" of table 1. 
If we take 5 |iSv/h as the dose rate that the shield gives, and that the measurement error is 1 (xSv/h any 
dose above that value should be discriminated. 
We can calculate the radioactive activity within our container for a dose rate of 1 (xSv/h with the equation 
(7). The result is: 

A I 1.92 TBq 
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From this result, we infer: 

Each 1.92 TBq of Ir-192 to add inside the container corresponds to a dose rate of 1 ¡uSv/h (in measuring 
instrument Geiger - Müller). 

We know that the measurement error of D')lal is ± 1 (iSv/h proceeds on the limit detection of Geiger-

Miiller detector as already mentioned. This dose rate value corresponds to an radioactive activity of 1.92 
TBq. 
Subsequently, we infer that the measurement error in the radioactive activity is ±1.92 TBq. 
As a result of this we can measure radioactive activities higher than 1.92 TBq of Ir-192 and 6 (iSv/h is the 
minimum dose rate associated. 

4. Conclusions 

The regulatory control consists of the detection of Ir-192 sources within a container like the one that 
entered Argentina in March, 2007. The authors of the present work have confirmed that undeclared 
radioactive materials superior to 1.92 TBq of Ir-192 activity can be discriminated. 
Our intention was to show that contact dose rate measured on the container in a given point could be used 
to quantify and control the radioactive activity declared using equation (7). 
Especially in the case of imports or exports it would be useful to make an additional control when the 
radioactive material enters or leaves the country which allows to establish whether the radioactive activity 
declared by the sender is, with sufficient certainty, the one contained in the transport package. It would be 
extremely pretentious to establish a theoretical curve model for each and every model of container that 
may transport, besides, different radioisotopes. However, it would be adequate to count on the information 
since the construction of the different models in the case of transport of radioactive sources Category 1 
and perhaps Category 2. 
From the point of view of radiological safety it would be highly desirable to advance over the 
determination of such a model or even one of greater complexity to make quality controls and /or 
regulatory controls that allow to obtain a confirm of the radioactive activity . 
There are different ways to make theoretical models and the one presented constituted the simplest 
approximation. However, it must be highlighted that it is much easier to do it empirically. Curve A versus 
D" can be constructed by taking experimental measurements in a certain point outside the package for 
different known values of radioactive activity of the radioisotope that is being studied and that cover the 
package spectrum of use. Mathematical models that take into account the design materials of those 
packages could also be used. This information could be part of the documentation concerning each 
package as the Certificate of Approval as type B (U) package. 
The intention is to establish a curve for all the radioisotopes that the model of the package is able to 
transport and that the curve can be part of the certificate of approval of the package as such. 
For this presented case, to count on this information would have been highly appropriate. To have made 
either quality and/or regulatory controls on time would have avoided the occurrence of the described event 
from the very beginning of the expedition. 
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