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ABSTRACT 

 
Radionuclide Technetium-99m is the most used today, so that their production is vital to the branches of health 

and the economy of any country. Cuba currently producing generators for obtaining this radionuclide, and it is 

produce at the Center of Isotopes. Risk assessments of radiological hazard installations are a regulatory 

requirement in Cuba. Although there are several qualitative or quantitative methods to perform these studies, the 

existence of basis risk starting and analysis codes and simplicity of use has been privileged the risk matrix as a 

preferred semi-quantitative method. The investigation presents the application, for the first time, of this method 

on a complex installation with radiological hazard in Cuba. Using the SECURE – MR Ver. 2.0 code detailed risk 

analysis of the practice carried out, resulting in three accidental sequences with high-risk level and determining 

the importance of reducers and barriers related with human factors associated to sufficiency and personnel 

training. Among the derived applications are reported the novelties analysis capabilities and possibilities of risk 

monitoring. The risk model developed for the production process of generators of Molybdenum-99/Technetium-

99m joined with capabilities review, analysis and documentation provided by the tool, allow obtaining a 

completely and coherent document with the model, which constitutes a valuable basis for understanding the safety 

of the installation knowledge. 

 

 

1. INTRODUCTION 

 

The use of generator of Molybdenum-99 / Technetium-99m (99Mo-99mTc) was an important 

step in the field of Nuclear Medicine because it allowed having a series of compounds labeled 

with Technetium-99m (99mTc) that has continued to this day. This generator allows obtaining 
99mTc through an elution process in an affordable way. The 99mTc is the radionuclide most used 

today, because it presents ideal characteristics to obtain images in gamma camera, a period of 

short half-life and to be able to join to multiple compounds. Currently, approximately 25 

million studies are performed with 99mTc radiopharmaceuticals [1, 2]. 
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In Cuba the Center for Isotopes (CENTIS) is responsible for the production of the main labeled 

compounds and radiopharmaceuticals consumed in the country for medical, agricultural, 

industrial use and in the field of genetic engineering and biotechnology, from imported 

radioisotope raw material. The production of generators of 99Mo-99mTc together with the kits of 

lyophilized reagents that the center supplies regularly ensure a good part of the diagnostic 

applications. 

 

Even though the production of generators of 99Mo-99mTc is performed by qualified operating 

personnel for such practices and established written procedures are used, does not exist in the 

CENTIS a risk assessment of the process. From this point of view, CENTIS could be 

considered as an installation with a potential associated risk. In general, safety assessments are 

required for these installations, for which quantitative methods of detailed analysis, such as 

Probabilistic Safety Analysis (PSA), are recommended. Among the difficulties that accompany 

these methods are the needs of expert personnel who prepare complex event tree and fault tree 

models, as well as deduction of possible initiators, components - failure modes associated, 

human error, and dependent faults, as well as reliability data that support this complex 

information volume. In addition to these models and data complex and costly calculation tools 

are required. 

 

Some of these problems can be considered solved, the existing national experience (availability 

of experts in APS and computer tools [3]). However, the formation of an analysis team, usually 

composed of experts from the facility itself, and the lack of reliability data for many of the 

components to be included in the model, are invalidating for the application of this method of 

risk analysis. The first of the difficulties involves the willingness of the facility management to 

integrate a security analysis team and the subsequent training of the facility, as well as its 

release for long-term work. Later, a long process of work will be required to get the first results. 

For the second of the difficulties, there is no short-term solution in addition to the lack of 

sufficient reliability data in the literature [1, 2, 4-6]. For this reason, the risk analysis has been 

proposed in the article using the risk matrix [7] through the SECURE - MR Ver. 2.0 [8] code. 

The use of this system incorporates graphical and analytical capabilities that make the analysis 

and subsequent documentation of all the results more flexible. 

 

These analyzes have been common in risk assessments in radiotherapy and in industrial 

radiography practices. However, there is no evidence of an analysis of productive processes of 

such scale and complexity in the national and international bibliography consulted [1, 2, 7-10]. 

Another novelty lies in the fact that, for the first time in this type of installation, a risk analysis 

is performed, where the manifestation of an initiating event has associated consequences of 

diverse nature; that is, beyond the traditional effects on Occupationally Exposed Worker 

(OEW), environment and the public, are incorporated consequences on the production and the 

client. 

 

 

2. MATERIALS AND METHODS 

 

The material of this study is the process of the production of generators of 99Mo-99mTc. For its 

knowledge, it was necessary to access several sources of information such as: data about the 

flow of production, general documents of process, technical instructions for specific practices, 

work procedures, consultation and interviews with operators directly linked to production and 
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definition of processes that occur in parallel. The methodology used for this process is 

illustrated in the algorithm of Figure 1. 

 

 

 
 

Figure 1: Algorithm for the creation of risk databases for the production of isotopes. 
 

 

Since a generic algorithm has been created, valid for any production process of isotope 

production, the first step is the definition of the production process to identify its stages. Then, 

after applying a "What if ...?" analysis, the initiators to be included in each step are identified, 

as well as their associated frequency, possible barriers with its robustness, consequences with 

its magnitude and reducers with probable robustness for initiator and consequence. In order to 

form the definitive sequences, they are subjected to a validation process in which the methods 

of analysis provided in SECURE-MR Ver 2.0 are applied and are incorporated coherently 
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throughout the analysis. Being a complex process, the initiators may be contribute at different 

consequences, which establishes a particular differentiation of these contributors in this 

algorithm. 

 

 

3. RESULTS AND DISCUSSION 

 

The following table summarizes the data and input variables defined for the production process 

of generators of 99Mo-99mTc in CENTIS. 

 

 

Table 1: Statistical summary of data entry. 

 

Production of generators of 99Mo-99mTc in CENTIS 

Initiating Events 172 

Barriers of defense 77 

Reducers of frequency 39 

Reducers of consequences  75 

Types of consequence 20 

Descriptive data 542 

 

 

The methods of analysis foreseen in the SECURE-MR ver 2.0 system for risk assessment are 

several. Figure 2 shows the results obtained for the four methods included in the system, from 

the simplest (Simple evaluation) to the most complex of them (With robustness of barriers-

reducers complex). 

 

In the first of the histograms, a calculation similar to that foreseen in [7] is used, where only 

barrier redundancy is considered (Figure 2, upper left). The second of the methods (Figure 2, 

upper right) considers robustness of barriers and triple redundancy of reducers of frequency 

(similar to SEVRRA 2.0 [9]). The third of the methods (Figure 2, lower left) is determining the 

risk distribution considering what is included in the previous method, but including the 

robustness of reducers for initiator frequency and consequences (similar to the current 

SEVRRA 3.0 [9]). 

 

A summary of the stepwise results of the risk analysis, performed on the subject of the study, 

using the most complex of the methods of analysis provided in SECURE-MR-Ver.2.0 (Figure 

2, lower right) is shown in Table 2. In this method, the analyzes take into account all possible 

risk drivers, that is, barriers and reducers with their corresponding robustness, but a 

differentiation of the effect of reducers of consequences is included when they do not affect 

patients. Since no patients are included in this process, the reinforcement of the effect of the 

reducers of consequence proceeds in all the sequences that allow it. 
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Figure 2: Comparative risk chart for four analysis options with SECURE - MR Ver. 2.0. 

 

 

Table 2: General results summary table SECURE - MR Ver. 2.0 
 

Process stage VHR HR MR LR 
Total per 

stage 

Materials entry 0 0 1 11 12 

Generators arming 0 0 3 3 6 

Function test 0 0 0 16 16 

Input from generators to load cell 0 0 0 4 4 

Workplace conditioning Room G 0 0 7 28 35 

Receipt of 99Mo 0 1 4 9 14 

Transfer to the 99Mo cell in Room G 0 0 8 0 8 

Opening container in the 99Mo cell 0 0 2 15 17 

First dilution and sampling 0 0 2 22 24 

Final conditioning of the 99Mo solution 0 0 3 5 8 

Charging of generators 0 0 1 11 12 

Return generators loaded to laminar flow 0 0 0 4 4 

Elution 1 0 0 2 9 11 

Elution 2 0 0 1 13 14 

Quality control 0 0 0 45 45 

Labeling and packaging 0 0 0 7 7 

Final operations in room B 0 0 0 6 6 

Final operations in room G 0 0 1 3 4 
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Process stage VHR HR MR LR 
Total per 

stage 

Final product to finished product warehouse 0 0 0 2 2 

Finished product store 0 0 0 2 2 

End process operations 0 0 0 7 7 

Client 0 0 0 6 6 

Waste warehouse 0 0 3 2 5 

General sequences for the entire production 

process 
0 2 0 0 2 

Production process of generators of 99Mo-99mTc 0 3 38 230 271 

 

 

As can be seen, Table 2 shows the absence of very high risks (VHR) in this process, although 

there are high (HR), medium (MR) and low (LR) risks. The most contributory stage for the 

number of high risks is the General sequences for the entire production process. Table 3 shows 

the ordered results for the three most contributory sequences. Priority is given to those with 

high risk and very serious (VS) or serious (S) consequences on the Occupationally Exposed 

Worker (C-OEW) and on Production (C-PRO). 

 

 

Table 3: Detailed Results for Most Contributing Sequences 
 

No Seq{IE} Risk Conseq. Process Description 

1 
SEQ58{IE-

RMO1.4B(VL)} 
H 

C-

OEW(VS) 
Receipt of 99Mo 

Explosion and fire due to the 

impact of an aircraft on the 

production building in the 

receiving-dispatch area of 

radioactive material. 

2 
SEQ270{IE-

SEG1.1A(L)} 
H C-PRO(S) 

General 

sequences for 

the entire 

production 

process 

They do not have enough staff 

to perform vital activities in 

production. 

3 
SEQ271{SI-

SEG1.1B(L)} 
H 

C-

OEW(S) 

General 

sequences for 

the entire 

production 

process 

They do not have enough staff 

to perform vital activities in 

production. 

 

 

In the case of the first Initiating Event of Table 3 (Explosion and fire due to the impact of an 

aircraft on the production building in the receiving-dispatch area of radioactive material), it 

refers to an event that exceeds the design bases of installation. This is due to the requirements 

of the regulatory body, the impact of an aircraft on the main construction of such an installation 

should be considered in installations with radiological danger, if there is a nearby air corridor. 

However, the radiological inventory of CENTIS did not justify the design of the project to 

construct an installation designed for this type of event. Using the capabilities of SECURE - 

MR Ver. 2.0 the most important barriers can be shown by the increased risks when they 



INAC 2017, Belo Horizonte, MG, Brazil. 

 

disappear [8] (Figure 3). For this case, the most important barriers are: B-1 (Operational 

personnel experience), B-2 (Procedures written in Technical Instructions) And B-6 (Shielding 

in production cells). The inaccuracies that occur when using the traditional method of 

percentage participation of barriers where they appear as important. After the first two barriers 

(B-1 and B-2), the B-28 (Procedures written for Quality Control) and the B-38 (Inspections of 

the Department of Inspection and Testing (DIT)). The ordering by percentage participation can 

divert the attention of the most important contributors, which are given by the method proposed 

in Figure 3. This reinforces the value of these analyzes of importance. Applications similar to 

those made with this detailed study of barriers can be developed for reducers of frequency of 

initiators and reducers of consequences. 

 

 

 
 

Figure 3: Risks increased by disabling barriers. 

 

 

Figure 4 compares two of the results obtained with SECURE-MR ver. 2.0. The green bars 

represent the simplest of the methods of analysis (Simple evaluation) and the red bars represent 

the most complex of them (With robustness of barriers-reducers complex). Although in no case 

very high risk (VHR) are reached, this option allows the appreciation of the shift towards low 

risks when the more complex of the methods is applied. 

 

This type of analysis becomes a risk monitor option when the sources of comparison are: risk 

profiles for a degraded configuration (for example, disabling of barriers and / or reducers) of 

the process and for an original configuration. 
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Figure 4: Comparison of risk profiles for simple and robust evaluation of barrier-

reducer complexes obtained with SECURE-MR Ver.2.0. 
 

 

This process of production has associated an intrinsic complexity, due mainly to justified 

exposure to ionizing radiations, the need for skilled and trained personnel and the support of 

technological means. For this reason, the application of this risk analysis allows discovering 

aspects that would go unnoticed to the operating personnel of this facility. 

 

 

4. CONCLUSIONS  

 

 The article shows, for the first time, the application of the risk matrix to a productive 

process, with radiological danger, of very high complexity. In addition, there is no 

history of the work of determining the valid sequences for the production process of 

generators of 99Mo-99mTc. This involved the creation of a sequence validation algorithm 

that integrates document management and knowledge, combined with the use of 

computer resources. 

 

 Another important issue in this area was the establishment of types of consequences in 

the study that identify the effects related to the production process, which can be 

interpreted as economic risk, as well as consequences on clients. 

 

 The most important results of the research showed a high level of complexity of the 

task, represented by 23 stages, 172 initiating events and 271 accidental sequences. 

 

 The application of the SECURE-MR ver 2.0 code, in its more complex analysis variant, 

allowed the identification of three accidental sequences with high risk. In addition, it 

enabled the development of multiple applications where accidental sequences were 

ordered by their level of risk and consequences and the most important barriers and 

reducers were identified, among other results. 
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 The importance of human factors was demonstrated in the study, which is illustrated 

through the causes of the main contributors related to the training and sufficiency of the 

personnel. 

 

 The risk model developed for the production of generators 99Mo-99mTc together with 

the review, analysis and documentation capabilities offered by the SECURE-MR Ver. 

2.0 tool made it possible to obtain a document consistent with the model 

 

A recommendation of this analysis is the necessary extension to all similar practices currently 

being developed in the Center of Isotopes. The results of the study will facilitate compliance 

with regulatory requirements on risk analysis required for these practices. 
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