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Abstract. The objective of this paper is to calculate the dose rate in contact with plastic syringes of 1, 2 and 5 mL 
volume, unshielded and the dose rate in the same syringes after a lead or a Lucite shield of various thickness has 
been installed, depending on the emission of the radionuclide used. The radionuclides involved in the assessment 
were 32P, 51Cr, 90Y, 99mTc, 125I, 131I, 153Sm, 186Re, 188Re, 169Er and 177Lu. The code used was the MCNP4C. The 
results are intended to be used by a Radiation Protection Officer wherever the radionuclides in question are 
handled to rapidly assess the dose in hands of the operators. 
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1. Introduction 
 
Since the radionuclides in use are beta- gamma emitters and the activity values in the quality control 
procedures, biodistribution studies and radiopharmaceutical productions can be high enough, the 
standard procedures for handling any radioactive material must be evaluated to avoid exceeding dose 
restrictions to the skin established by the Radiological Safety Department for the more exposed groups 
in CENTIS. The following table 1 shows these restrictions. 
 
 Table 1: Dose restrictions to the skin of the hands established by the Radiological Safety Department 
for the more exposed groups in CENTIS. 

Exposed Groups Annual hand dose 
restrictions 

Radiopharmacy 200 mSv/a 
Quality control 100 mSv/a 
Development 50 mSv/a 

Metrology 10 mSv/a 
 
The objective of this paper is to calculate the dose rate in contact with plastic syringes of 1, 2 and 5 ml 
volume, unshielded and the dose rate in the same syringes after a lead or a Lucite shield of various 
thickness has been installed, depending on the emission of the radionuclide used. The radionuclides 
involved in the assessment were 32P, 51Cr, 90Y, 99mTc, 125I, 131I, 153Sm, 186Re, 188Re, 169Er  and 177Lu. The 
code used was the MCNP4C.  
 
2. Materials and Methods  
 
2.1 Unshielded syringe 
 
Syringes with radioactive material are represented by cylinders with density of 1 g/cm3 (source-water) 
enclosed in a 1 mm thick plastic (density 0.92 g/cm3 ) envelope. Values of radio and height for each 
syringe volume are shown in the table 2.  
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Table 2: Values of radio and height for each syringe volume 
  

V 
(cm3)

R 
 (cm)

H 
(cm)

1 0.225 6.288
2 0.475 2.822
5 0.615 4.208

   
2.2 Syringe with Lucite and lead shields  
 
Figure 1 shows the shielded syringe geometry.  The Lucite shielding around the source was sectioned 
in 10 cells (1 mm thick each with density of 1.19 g/cm3), and the lead shielding was sectioned in 3 
cells (1 mm thick each with density of 11.35 g/cm3).    
 
Figure 1: Geometry of the shielded syringe.    
 

 
 
The MCNP4C Monte Carlo code was used to perform the dosimetry calculations. The beta spectrum 
of each of these radionuclides was downloaded from www.doseinfo-radar [1] and the characteristics of 
the gamma and/or electronic emission are the ones in the software Radiation Decay [2]. In table 2 are 
listed the energetic characteristics of the radionuclides assessed in this work. 
 
Table 3: Energetic characteristics of the evaluated radionuclides. 
 

Radionuclides T1/2 Emission type 
90Y 64.1 hours Beta 
32P 14.3days Beta 

188Re 16.98 hours Beta, gamma, electron
186Re 90.64 hours Beta, gamma, electron
177Lu 6.71 days Beta, gamma, electron

131I 8.040 days Beta, gamma, electron
125I 60.14 days electron, gamma 

99mTc 6.020 hours electron, gamma 
153Sm 46.7 hours Beta, gamma, electron
169Er 9.4 days Beta, gamma, electron
51Cr 27.7 days electron, gamma 

 
The dose rate (mSv/h) in contact with plastic unshielded syringes of 1, 2 and 5 mL volume per activity 
(MBq), was obtained through the calculation of the mean absorbed energy by disintegration (tally f8*) 
in the volume of the cell, thru the equation 1: 
 

3
*.

10*7.576*8 −=
m
fD  (mSv/h*MBq)                                                                                                 (1) 
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Where: 
m: mass in grams of the cell. 
*f8:  results of the tally (MCNP). 
 
The dose rate reduction ratio (in percent) for the shielded syringes in both Lucite and lead shields was 
defined as the ratio of the number of particles across surface per square centimeter in the shielded 
syringe to that in unshielded syringe (tally f2).  
  
For all cases, a sufficient number of electron and photon transport histories were generated to produce 
statistically reliable energy tallies, with relative errors less than 0.10. Was included the 
Bremsstrahlung radiation.   
 
2. Analysis and Discussion of Results 
 
Dose rate in contact with unshielded syringes per activity (mSv/h*MBq) for each one of the evaluated 
radionuclides are shown in the table 4.  
 
Table 4: Dose rate in contact with unshielded syringes of 1, 2 and 5 ml per activity (mSv/h*MBq)for 
32P, 51Cr, 90Y, 99mTc, 125I, 131I, 153Sm, 186Re, 188Re, 169Er and 177Lu.  
 
V(cm3) 90Y 32P 188Re 186Re 153Sm 177Lu 131I 125I 169Er 99mTc 51Cr 

1 91.22 72.35 78.59 28.28 12.20 4.71 11.67 0.16 1.29 0.46 0.38 
2 73.69 55.16 61.61 23.56 12.04 4.97 11.86 0.16 1.26 0.48 0.40 
5 32.00 23.75 26.67 10.34 5.19 2.38 5.58 0.09 0.60 0.25 0.21 

 
Note the large differences between dose rate in the case of beta emitting radionuclides like 90Y and 32P 
and gamma emitting radionuclides like 99mTc and 51Cr. It is therefore important to use syringe shields 
when handling mCi quantities of radionuclides with high beta radiation energy. The use of low density 
shielding should minimize the production of photon radiation (Bremsstrahlung). Lucite shielding must 
be used if handling quantities in excess of 1.0 mCi. Some lead shielding may be required in addition to 
Lucite when tens of millicuries are used. Gamma radiation is diminished in intensity by any given 
“absorber” but not completely stopped. Materials having a high atomic number can shield more 
gamma radiation than lighter elements. A frequently used shielding material is lead.  
 
The dose rate reduction ratio for the shielded syringes in both Lucite and lead shields are shown in the 
following figures.  
 
Figure 2: Dose rate reduction ratio for the shielded syringes in both Lucite (A) and lead shields (B). 
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The following examples describe the methodology used to calculate dose to the skin of the hands for 
the more exposed groups in CENTIS. 
 
Example 1 
 
In our centre, the pharmacokinetic and biodistribution studies to designing new radiopharmaceuticals 
are performed by the Development group.  Sequence of steps for dose calculations to the skin of the 
hands for this group is shown below.  
 
Data: 
Radionuclide: 90Y 
Volume of syringe: 1 ml 
Exposure time (texp):  10 seconds 
Frequency: weekly  
Activity: 37 MBq  
 
Dose rate is calculated thru the equation (2), considering the value reported in the table 4.                                                
 

 
( )MBqA

MBqh
mSvD *
*

.
=                                                                                                                      (2)        

 
Substituting the values:   
 

MBq
Mbqh

mSvD 37*
*

22.91
.
=  

 

h
mSvD 14.3375

.
=  

 
Dose in contact with the syringe is calculated thru the equation (3), considering an exposure time of 10 
second (0.0028 h) every week for 10 working weeks.   
 

wh
h

mSvDanual 10*0028.0*14.3375=
                                                                                                 

(3)
 

 

B 
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mSvDanual 5.94=
                                                                                                  

 
 
As the dose restrictions to the skin of the hands established by the Radiological Safety Department for 
this group it is 50 mSv (table 1), is required to shield the syringe. A Lucite thickness of 5 mm is 
enough to reduce the dose in hands. The dose reduction ratio (%) for 5 mm of Lucite thickness and 90Y 
is 0.8 %, then the annual dose in hands for this practice will be;  
 
 008.0*5.94 mSvDanual =

                                                                                                                      
(4)

  
mSvDanual 756.0=  

 
Example 2 
 
In our centre the quality control of the 99Mo-99mTc generators are performed by the quality control 
group. The calculation of the dose to the skin of the hands for this group is shown below.  
 
Data: 
Radionuclide: 99Tc 
Volume of syringe: 1 ml 
Exposure time (texp):  10 second  
Frequency: weekly  
Activity: 14800 MBq  
 
Dose rate is calculated thru the equation (2) showed previously, considering the value reported in the 
table 4.                                                                                      
 
Substituting the values:   

MBq
Mbqh

mSvD 14800*
*

46.0
.
=  

 

h
mSvD 6808

.
=  

 
Dose in contact with the syringe is calculated thru the equation (3), considering an exposure time of 10 
second (0.0028 h) every week for 50 working weeks.   
 

wh
h

mSvDanual 50*0028.0*6808=
                                                                                              

 
mSvDanual 12.953=  

 
This value exceeds both dose limit in hands of 500 mSv /year established by the national Radiological 
Safety Standards [3] and the dose restrictions to the skin of the hands established by the Radiological 
Safety Department for this group of 100 mSv/year (table 1). A lead thickness of 1 mm is enough to 
reduce the dose in hands. The dose reduction ratio (%) for  1 mm of lead thickness and  99mTc it is 3.6 
%, then the annual dose value for this practice will be;  
 
 036.0*12.953 mSvDanual =  
 

mSvDanual 31.34=     
  
Figure 4 shows both Lucite and lead syringe shields manufactured in CENTIS. These shields 
accommodate a syringe of 1 ml and are comfortable and easy to handle. 
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Figure 4: Syringe shields manufactured in CENTIS. 
 

 
 
Results presented in this paper are in agreement whit those found in the reference. [4]    
 
3. Conclusions  
 
The results obtained in this paper are intended to be used by a Radiation Protection Officer wherever 
the radionuclides in question are handled to rapidly assess the dose in hands of the operators. 
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