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ABSTRACT 

 
 

Nuclear medicine (NM) is a medical specialty which uses small amounts of radioactive material 
combined with drugs, to make either therapeutic treatments or form diagnostic images of the organ and tissue. 
Follow the nuclear regulations any activity involving ionizing radiation should be justified and it must have their 
procedures of work to be optimized. Thus, the aim of the study is to determine the need and the importance of 
optimization of radiation protection in NM services and reduce occupationally exposed individuals (OEI) doses 
in order to avoid possible contamination or accidents and reduce the costs of protection. Optimization for a NM 
service that makes use of ionizing radiation can be performed using different techniques such as the expanded 
cost-benefit analysis. Such technique introduces one or two attributes associated to the detriment cost, Y, and 
the protection costs, X. This work was conducted in the year 2011, where it was analyzed data of 56 employees 
from 2002 to 2010. The value of the cost of protection was R$ 147.645,95, including accessories, courses, 
training and maintenance costs. On the other hand, the cost of the expense ranged from R$ 1.065.750, 00 up to 
R$ 28.890.351, 00 and the parameter responsible for this variation is the collective dose. The increasing of these 
dose values causes the increasing of the total costs, and one can conclude that there really is an importance of 
applying the optimization technique to improve the safety of OEI at the nuclear medicine service and reducing 
costs of protection. 

 

 
1. INTRODUCTION 

 
Nuclear Medicine (NM) is a specialty which uses amounts of radioactive material 

combined with drugs containing physical and chemical appropriate characteristics to 
diagnoses and therapeutic purposes. It is capable of to emphasize the function of the target 
organ or tissue, while conventional radiology, Ultrasound, Computed Tomography and 
Magnetic Resonance Imaging detach anatomical and morphological aspects [1]. 

 
The NM is to evaluate the target organ or tissue function using a substance labeled 

with radionuclide which, usually metabolized or captured by the organ to be studied. [1]. 



INAC 2013, Recife, PE, Brazil. 

 

Those substances are called radiopharmaceutical its chemical characteristics determine the 
fixing in the target organ or tissue and elimination by the body, while physical characteristics 
determine its uses in diagnosis or treatment [2]. 

 
All activities involving the application of ionizing radiation must be justified and have 

their procedures of work to be optimized as well as respect the dose limitation, according 
with the basics principles of radiation protection: justification, optimization and dose 
limitation.  The primary goal of radiation protection is to provide an appropriate standard of 
protection for the man, without restricting their benefits [3]. The optimization in radiation 
protection is the procedure to find the great solution of a problem in world of others 
possibilities, aiming minimizes the exposures and costs reduction. [4]. 

  
The paper was developed using the cost-benefit expanded analysis technique, which 

allows effectuate a quantitative analysis. The technique introduces one or two attributes 
associated to the detriment, which are the collective dose and its fractionation, beyond 
protection costs, X, creating a new value for the total cost of the protection option [4].  

 
 Data used at this work were obtained in the Nuclear Medicine Service (NMS) of 
Hospital das Clínicas de Pernambuco (HC/UFPE) and was developed at Departamento de 
Energia Nuclear da Universidade Federal de Pernambuco (DEN/UFPE). 
  
 The goal of this paper is to verify the protection parameters importance in the 
optimization process in a NMS to reduce OEI doses as well as the installation cost. 
  
 

2. MATERIALS AND METHODS  
 

The work was developed in NMS of Hospital das Clínicas de Pernambuco (HC/UFPE) and in 
Radiation Protection Lab of DEN/UFPE. Were analyzed the effective doses of OEI.  

 
Others factors analyzed were physical facilities, such as floor, appropriate site for the 

generation, segregation, storage and treatment of radioactive waste; bed patient in treatment, 
sinks, sources of reference standards (57Co, 133Ba e 137Cs); among others aspects discussed at 
CNEN-NN 3.05 norm regarding handling of radiopharmaceutical [5]. Were studied data from 
56 OEI and an estimated group of 16 people unmonitored around the facility called critical 
group. 

Beyond these data, were analyzed the costs related to radiation protection, such as 
protections accessories, training and courses of employees, individual monitoring value and 
others cost non related with radiation protection, such as salaries, cleaning and service 
maintenance. The protection accessories values were found through market research with 
requires done in 5 different companies. The individual monitoring values cost were obtained 
in Radiation Protection Lab of DEN/UFPE, while the salaries values were researched in work 
conventions and in Workers Union of UFPE (SINTUFEP), and increased a 3% associated to 
the cost of facility maintenance. 
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2.1 Effective Dose Annual Average  

 

The effective doses received by OEI from NMS of HC/UFPE were collected during 
the period of 2002 to 2010, through the facility’s record and the Radiation Protection Lab of 
DEN/UFPE, which were analyzed the employee, their monthly effective doses as well as 
effective dose annual average, in a period of 9 years. The effective dose annual average was 
found using the equation 1. 

 
                                   E = ∑ WT. HT     (1) 

 

          Where: E represents the effective dose 

                    WT represents the tissue weighting factor 

                    HT represents the equivalent dose in the organ. 
 

2.2 Collective Dose 

 

The collective dose was obtained multiplying the number of people in a group 
exposed to radiation for the effective dose average in the same group. As shows the equation 
2. 

 
Sk = Nk.E       (2) 

 
 

Where: Sk represents the collective dose in a k group 
E represents the effective dose average  

            Nk. represents the number of people in the k group. 
 

This k group involves irradiated and monitored, as well the people exposed to 
radiation which don’t use dosimeter. They are eventual patients and others employees from 
the installations which remain at the place, nevertheless they are in neighborhood. The Table 
1 shows the quantity of IOE, the average of people monitored was obtained through the 
observation. It is also shown in the table the year, as well the effective average dose and the 
collective dose. 
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Table 1 – Collective dose and effective average dose from OIE from 2002 to 2010 
Year OIE Hazard group S (person.Sv) E (mSv) 
2002 26 16 12,6 0,3 
2003 25 16 53,71 1,32 
2004 32 16 44,16 0,92 
2005 39 16 85,25 1,55 
2006 38 16 59,94 1,11 
2007 27 16 32,68 0,76 
2008 29 16 35,1 0,78 
2009 47 16 8,82 0,14 
2010 56 16 18,72 0,26 

 
2.3 Protection Cost (X) 

 
The protection cost was evaluated considering the installation cost, the cost of 

protection accessories and the detriment cost. The equipment cost and materials used were 
collected from quote on five companies which provide protection accessories and radiation 
protection services, like shielding and training. The prices were found through e-mail and 
phone. 

 
The protection accessories, course and training values, as well the individual 

monitoring value used in this work are the arithmetic average of all products prices. The 
accessories and services are displayed in Table 2. 

 
Table 2 - Accessories, services and training researched.  

 
ACCESSORIES SERVICES AND TRAINING 

Lead apron Radiation protection training 

Thyroid and gonadal shields Radiation protection course 

Syring shields safety handlig Average price radionuclide 

Mobile Radiation Shields Service maintenance  

L-Block Shields Individual monitoring service 

Shielded Containers - 

Shielded door - 

Carrier apron  - 

Vial Shields - 

Tabletop Shields - 

Plumbiferous glass - 
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As the individual monitoring services, the radiation protection lab (DEN/UFE) 
provides the dosimeter value and also the duty paid monthly for the institution. The 
multiplication of the dosimeter value for the average number of employees plus the sum with 
the duty paid monthly following by the multiplication of the quantity of study years shows 
the individual monitoring value.  

Beyond this materials and services values, it was also researched the costs non related 
to the radiation protection, such as the employees’ salaries, according to the collective labor 
convection or through the workers' union of the Federal University of Pernambuco 

(SINTUFEPE), where was researched the salaries of nursing, radiology, medicine, physics  
and also cleaning and administration professionals. Data found were inserting at a 
spreadsheet. 

After the researching was done the sum of employees’ of medium level salaries 
multiplied by the quantity months of the year and divided by the quantity of workers. The 
same procedure was made to employees of higher level, as shown in equation 3 and 4. From 
this, became the sum of the two values representing the annual cost personal. 

  Pmc = ∑salariesmediumlevel. 12/ N       (3) 

 
   Psc = ∑ salarieshigherlevel. 12/ N        (4) 

 

Where: Pmc represents the annual personal cost of medium level; 
         Psc represents the annual cost of higher level; 
         N represents the total number of workers and  
         The number 12 refers to months of the year.  
 
 In this study was assigned to NMS an useful life of 20 years to the installation 
infrastructure, therefore, the costs related to radiation protection were spilt for 20 to obtained 
the annual value of protection. 
 After this procedure, was obtained the total protection cost value, following the 
equation 5. Added up protection accessories cost value and the costs related to the 
employees’ salaries and further the courser and training costs. In the end it was added 3% 
about the annual protection cost as maintenance of the installation.  
 

  X = Acosts + Tcosts + Scosts + 3%    (5) 
 
 

Where: X represents the total cost of protection; 
           Acosts represents the protection accessories cost; 
          Tcosts represents the training and courses cost and 
           Scosts represents the cost related to the OEI salaries. 
 
 
 3.4 Detriment Cost (Y) 
 
 The technique used in the optimization process was the expanded cost-benefit 
analysis. It was utilized besides the protection cost, X, the detriment cost, Y and the 
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distribution of dose, using the collective dose, S, which was fractioned in four groups as 
shown below. 
 

S1� 0 mSv ≤ E < 1 mSv; 

S2� 1 mSv ≤ E< 5 mSv; 

S3� 5 mSv ≤ E< 10 mSv e 

S4�10 mSv ≤ E ≥ 20 mSv. 

             For each dose interval there is a β factor associated, as well a monetary value, 
which was selected based in the 55 publication of ICRP example, seen next. [4]. 

S1� 0 mSv ≤ E< 1 mSv � β1 = US$ 0.00 = R$0,00 

S2�1 mSv ≤ E< 5 mSv � β2 = US$ 10,000.00 = R$20.300,00 

S3�5 mSv ≤ E< 10 mSv � β3 = US$ 20,000.00 = R$40.600,00 

S4�10 mSv ≤ E ≥ 20 m Sv. � β4 = US$ 40,000.00 = R$81.200, 00 

         Other necessary factor to the detriment cost calculation is the α factor, value assigned to 
the collective dose, which is also associated to a monetary value. Another factor necessary to 
calculate the cost of the expense is the factor value assigned to the collective dose, which is 
also associated with a monetary value. In this study, was applied the US$ 10.000,00 
(R$20.300, 00) value, to be the recommended value for CNEN [6].  

 

          3.5 Optimization total cost 

 

 It was taken to finalize the sum of Y and X, creating the annual cost of protection, 
using the equation 6. 
 

             C = (X +α. S + ∑j βj. Sj) min     (6) 

 

 

3. RESULTS AND DISCUSSIONS 
 

 

The Table 3 shows accessories, services and training which was researched in order to 
find the protection cost, X. It is observed the individual protection accessories values as the 
average done from several values found through researches as well the final value divided by 
20, the installation estimated useful life. Beyond these values, it is also in the Table 3, the 
individual monitoring cost. 

 



INAC 2013, Recife, PE, Brazil. 
 

The Table 4 exposes the courses and training costs, with an average of 20 employees, for 
being the average used in training. The table also shows the investment value of courses and 
training each year. While Table 5 shows the costs related to employees salaries. The Table 6 
shows the final values of Tables 3, 4 e 5 and displays the annual protection cost obtained 
from the sum of protection accessories cost, courses and training costs and wages, as well as 
adding value to 3% of the maintenance cost. All amounts are presented in Reais (R$). 

 

Table 3- Protection costs (protection accessories). 
Item Value1 Value2 Value3 Value4 Value5 Value Total 

U-Block Shields 8,779.35 9,310.08 - - - 9,044.72 
Complet Block Shileds 9,728.00 - - - - 9,728.00 
Baryta (kg) 0.79 0.65 - - - 0.72 
Mobile Radiation Shields 1mmPb 2,035.00 2,144.60 - - - 2,089.80 
Mobile Radiation Shields 2mmPb 2,304.00 3,066.00 2,477.90 - - 2,615.97 
Mobile Radiation Shields 3mmPb 2,567.40 3,285.00 - - - 2,926.20 
Mobile Radiation Shields 4mmPb 3,924.00 - - - - 3,924.00 
Mobile Radiation Shields 15mmPb 7,200.00 3,300.00 - - - 5,250.00 
Shielded Containers 3mmPb 3,844.50 - - - - 3,844.50 
Shielded Containers 4mmPb 4,293.30 - - - - 4,293.30 
Shielded Containers 5mmPb 4,200.00 6,500.00 3,053.00 - - 4,584.33 
Shielded door 1mmPb 2,307.00 2,443.00 - - - 2,375.00 
Shielded door 2mmPb 2,868.00 3,008.00 - - - 2,938.00 
Lead apron 0,25mmPb 276.00 - - - - 276.00 
Lead apron 0,5mmPb 542.81 402.50 - - - 472.66 
Thyroid shields 0,5mmPb 139.04 271.00 - - - 205.02 
Gonadal shields 0,5mmPb 109.25 149.50 123.41 154.64 83.95 124.15 
Gonadal shields 1mmPb 271.83 448.59 - - - 360.21 
Carrier apron [2] 159.00 - - - - 159.00 
Carrier apron [3] 271.00 - - - - 271.00 
Plumbiferous glass 0,75mmPb 511.50 495.00 - - - 503.25 
Mobile Radiation Shields 4mmPb 3.166.81 4,282.09 5,245.92 - - 4,231.61 
Mobile Radiation Shields 6mmPb 3.724.45 5,397.48 6,843.12 - - 5,321.68 
Mobile Radiation Shields 8mmPb 4.282.09 6,512.79 8,440.32 - - 6,411.73 
Mobile Radiation Shields 10mmPb 3.567.00 - - - - 3,567.00 
Vial shields 2.435.70 3,175.50 2,477.90 - - 2,696.37 
Iodine and Thecnetium handling box 
50mmPb 40x40 cm 14,000.00 - - - - 14,000.00 
Iodine and Thecnetium handling box 
25mmPb 40x40 cm 7,500.00 - - - - 7,500.00 
Tabletop shields 2mmPb 900.00 - - - - 900.00 
Tabletop shields 4mmPb 1,900.00 - - - - 1,900.00 
Individual monitoring service * 3,780.00 - - - - 3,780.00 
Preço do gerador de Tecnécio** 110,400.00 - - - - 110,400.00 
Cost, X - - - - - 216,694.21 
Annual Cost X,  - - - - - 10,834.71 

*The paid value in individual monitoring service is R$13.00 per dosimeter + a rate of R$ 55.00 paid 
monthly (average of 20 dosimeters / month) 

** Unit value, of Technetium generator, the institution uses one per week totaling of 48 in the year.  
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Table 4 – Courses and training values. 
Item Value Total 

Radiation Protection training - 20h [Rate per person] * 3,640.00 72,800.00 

Radiation Protection Course - 16h [Rate per person] * 590.00 11,800.00 

Total cost of training and courses  - 84,600.00 

*  Average of 20 employees – Average number of people that training/course brings together. 

 

Table 5 – Values costs related to employees’ salaries.  

ACTIVITY QUANTITY SALARY TOTAL 
Radiographer 5 1,512.00 7,560.00 

Nursing technician 2 680.00 1,360.00 
Physicist 1 2,989.24 2,989.24 

Nuclear physician 3 2,989.24 8,967.72 
Cleaning 1 540.00 540.00 

Administration 4 645.00 2,580.00 

Item Values 

Employees’ of medium level cost 12,040.00 

Employees of higher level cost 35,870.88 

Employees’ total cost 47,910.88 
 
 

Table 6 - Valor do custo de proteção anual, X. 
Item Value 

Accessories 10,834.71 
Training and courses 84,600.00 
Employees’ salaries 47,910.88 
Total Values 143,345.59 
Total Values + 3% increase 147,645.95 
 
 

It is seen in Table 7 the detriment cost found running the employees doses, in 
dependence of employee’s effective doses average which were transformed (in Sv) to next 
step find the collective dose (in Sv-man) of each study year, as well as the dose fragment. In 
this Table it is seen the used values to obtain the detriment cost, which are, the collective 
dose and dose fragment, the values designed to α and to β for each dose range and to end the 
final value for the detriment, Y, shown in real (R$).  
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Table 7 – Detriment Cost. 

Year αααα    S β1 S1 β2 S2 β3 S3 β4 S4 
Y 

2002 20,300.00 12.60 0.00 2.73 20,300.00 39.90 40,600.00 0.00 81,200.00     0.00 1,065,750.00 
2003 20,300.00 53.71 0.00 7.02 20,300.00 42.28 40,600.00 106.92 81,200.00     0.00 6,289,549.00 
2004 20,300.00 44.16 0.00 10.14 20,300.00 49.68 40,600.00 140.25 81,200.00     0.00 7,599,102..00 
2005 20,300.00 85.25 0.00 1.92 20,300.00 40.60 40,600.00 0.00 81,200.00 324.33 28,890,351.00 
2006 20,300.00 59.94 0.00 6.44 20,300.00 55.44 40,600.00 156.94 81,200.00     0.00 8,713,978.00 
2007 20,300.00 32.68 0.00 4.29 20,300.00 78.85 40,600.00 95.54 81,200.00     0.00 6,142,983.00 
2008 20,300.00 35.10 0.00 0.82 20,300.00 58.68 40,600.00 142.20 81,200.00     0.00 7,677,054.00 
2009 20,300.00 8.82 0.00 1.83 20,300.00 45.54 40,600.00      0.00 81,200.00     0.00 1,103,508.00 
2010 20,300.00 18.72 0.00 2.72 20,300.00 62.00 40,600.00      0.00 81,200.00     0.00 1,638,616.00 

αααα represents the value designed to unit collective dose, expressed in Real(R$) 
S represents the collective dose expressed in Sv-man 
ββββ represents the adicional value desined to each collective, expressed in Real (R$). 
S1, S2, S3 e S4, corresponds to the collective dose fragment, as well as ββββ1, ββββ2, ββββ3 e ββββ4 replies respectively to 
range doses: 0 ≤ E < 1 mSv, 1 ≤ E< 5 mSv, 5 ≤ E < 10 m Sv e E ≥ 20 mSv. 

One can show which the detriment cost final values had changes through the years. In 
2002 year the detriment cost was the smallest of all period. Otherwise the detriment cost was 
the biggest in 2005 year. It is observed from 2002 to 2003 has a considerable increase in Y 
value, this value increase even more in 2004, reaching the higher value in the next year 
(2005). From 2006 the detriment values has a rape decrease and keeps decreasing in 2007, 
but return to rise in 2008. In 2009 the Y values reduces and back to growth in the last study 
year, 2010. 

Those values variations happens because the different collective doses each year 
(because the different effective doses) and also for the range dose. So it is to believe those 
years which the detriment cost was reduced the security standards followed in a properly 
way.  

 
One can see in some years, beyond the collective dose be bigger, the detriment costs 

is smaller, like in 2003 and 2004, showing the fractioned collective dose influence, verifying 
when the fractioned collective doses are in bigger effective doses range the detriment cost 
also increase. 

 
The values reductions could be due to modification in CNEN’s standard refers to 

basics radiation protection CNEN-NN-3.01[6], the norm has the purpose to improve the 
radiation protection systems, and consequently to reduce the employees’ received doses, 
however, there is no way to know the real reason to doses reduction. 

  
Analyzing the table, one sees the detriment cost is lower when the doses are smaller 

since the β value is associated with doses range, and when there is an increase of the effective 
doses, the collective dose also increase as well as de detriment cost 

It appears, therefore, the effort to reduce the workers’ received doses is dire need, 
improving the IOE protection as well as reducing the detriment cost, which directly 
influences the installation protection total cost. 

In Table 8, the total cost of each year is seen, showing the protection cost, X, the 
detriment cost, Y and the sum of both. It is observed that the protection cost is fixed, as in all 
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years were used protective accessories as well as applied courses and training, leading to the 
total values. However, there is the change in the detriment costs values due to the change of 
the collective doses for each year of the study, as discussed earlier. Based on these 
observations, it is seen the total cost value varies due to variation in the detriment cost. The 
Table 8 also shows the lowest total protection cost in 2002 and the max value in 2005.  

Table 8 – Total Protection Cost (Sum of protection cost, X and the detriment cost, Y). 

Year X Y X+Y 
2002 147,645.95 1,065,750.00 1,213,395.95 
2003 147,645.95 6,289,549.00 6,437,194.95 
2004 147,645.95 7,599,102.00 7,746,747.95 
2005 147,645.95 28,890,351.00 29,037,996.95 
2006 147,645.95 8,713,978.00 8,861,623.95 
2007 147,645.95 6,142,983.00 6,290,628.95 
2008 147,645.95 7,677,054.00 7,824,699.95 
2009 147,645.95 1,103,508.00 1,251,153.95 
2010 147,645.95 1,638,616.00 1,786,261.95 

 
Table 9 presents the protection options for each study year. The introduced values are 

the annual protection cost (X+Y). The detriment costs, Y as the protection cost, X and the 
annual protection cost are represented in Real (R$). The table shows four protection options, 
one for each dose range. 
 

Table 9 – Protection options 

 
Table 10 shows separately each protection option for one year of the study. The 2005 

year was chosen to present the biggest detriment cost and consequently higher protection 
total cost. Table 10 also shows when higher doses are inserted in the range dose the cost 
increase. 

 
The dose ranges are presented in Sv, the values are for collective dose in man-Sv, 

while the protection cost, X values and the sum of the protection cost with the detriment cost 
are presented in Reais (R$). At the end, it is the decision maker to choose which option 
protection cost and dose range which is to be used. 

 
 

YEAR 
S1 

Option 1 (Y1 +X) 
S2 

Option 2 (Y2 +X) 
S3 

Option 3 (Y3 +X) 
S4 

Option 4 (Y4 +X) 
2002 147,645.95 957,269.95 147,645.95 147,645.95 
2003 147,645.95 1,005,929.95 4,487,929.95 147,645.95 
2004 147,645.95 1,156,149.95 5,841,795.95 147,645.95 
2005 147,645.95 971,825.95 147,645.95 26,483,241.95 
2006 147,645.95 1,273,077.95 6,519,409.95 147,645.95 
2007 147,645.95 1,748,300.95 4,026,569.95 147,645.95 
2008 147,645.95 1,338,849.95 5,920,965.95 147,645.95 
2009 147,645.95 1,072,107.95 147,645.95 147,645.95 
2010 147,645.95 1,406,245.95 147,645.95 147,645.95 
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Table 10– Protection options for 2005. 
PROTECTION 

OPTION 
DOSE 

RANGE 
S 

(person.Sv) 
Y (R$) X(R$) X+Y (R$) 

1 0 ≤ E < 1 1.92 0.00 147,645.95 147,645.95 

2 1 ≤ E < 5 40.60 824.180.00 147,645.95 971,825.95 

3 5 ≤ E < 10 0.0 0.00 147,645.95 147,645.95 
4 10 ≤ E ≥ 20 324.33 26,335,596.00 147,645.95 26,483,241.95 

  
 

4. CONCLUSIONS 
 

 According to the obtained results and presented, concluded that: 

- When the effective dose range is minimal, i.e. is between 0 mSv e 1 mSv, the detriment cost 
is smaller, as well as the total cost of protection as compared to other dose ranges; 

- The OEI training is an important factor on reduction of detriment cost, besides determinant 
in the installation protection cost; 

- The decision maker plays a key role in the process of reducing the effective dose, as seen in 
the protection options valuation;  

- Once the doses decrease the detriment cost also decrease, consequently reducing the total 
cost of the installation. 
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