
Hand dose distribution of workers at nuclear medicine 
department with PET 

Marko Fülöp1, Daniel Baček2, Pavol Povinec2, Zlatica Cesnaková2, Václav Hušák3, 
Jaroslav Ptáček3, Peter Vlk2

1Slovak Medical University, Bratislava, SLOVAKIA,
2BIONT, Bratislava, SLOVAKIA, 
3Palacký University, Olomouc, CZECH



Introduction
The photon energy associated with all PET radionuclides and 
radiopharmaceuticals is much higher than that used in general nuclear 
medicine, which result in higher exposure of staff.
For radiopharmacists (during syringes preparation) and physicians 
(radiopharmaceutical application to patient), the hands are more exposed 
to ionizing radiation than the rest of the body. Hand doses were monitored 
in several Slovak and Czech hospitals. By using of automatic dose 
dispenser the irradiation of radiopharmacist hands was reduced by about 
a factor 5. But the radiopharmacist hands are still considerable irradiated 
during removal of the filled syringes from the automated dose dispenser.
In this study radiopharmacist and physician hands during manipulation 
with syringes were recorded by video camera. The videos were analyzed 
and several hand phantoms were constructed to simulate the exposure 
geometries at which hands are irradiated by the highest doses. The hand 
dose distribution and conversion coeffiecient of ring dosimeter response to 
maximum dose equivalent of hand irradiation were evaluated by hand 
phantom experiments. Hand phantoms were performed from soft tissue 
equivalent material.
This work was supported by EC FP7, project No. 211361 ORAMED and 
by project MZ SR No.2005/26-SZU-04.



Physicians
FDG is commonly administered to patient by shielded syringe, which is 
connected on infusion line, see Fig.1.



Fig.1. Administration of FDG by shielded syringe 
connected on infusion line. Activity of FDG is 400 MBq. 
Time of handling with syringe is 7,5s, equivalent dose
33mSv.



Fig. 2. On the bottom is hand phantom for simulation of hand irradiation during FDG 
administration by shielded syringe (see Fig.1). Above are by numbers marked dosimeter 
locations on hand. Numbers also represent local dose in relation to response of ring dosimeter.



At about 15% patients it is necessary to administered FDG 
directly without infusion line. In this case unshielded 
syringe is usually used, as is shown in Fig. 3.



Fig. 3. Direct administration of FDG by 
unshielded syringe. Activity of FDG is 400 
MBq. Time of handling 20s, equivalent 
dose 188mSv.



Fig. 4 On the bottom is hand phantom
administration by shielded syringe (see Fig.2)
locations on hand. Numbers also represent local 

for simulation of hand irradiation during FDG 
. Above are by numbers marked dosimeter 
dose in relation to response of ring dosimeter.





Equivalent dose [mSvy-1] of local irradiation of physician hand after one 
year administration of FDG to 625 patients

Side of forefinger  FDG administration Dose 
determination upper lower 

Ball of the 
thumb 

Micro Shield 61  166   
MCNP4C 12 56  

Infusion line, 550 patients, 
Time of administration 7,5s 

Hand phantom 8,5 16,2 4,3 
     

Micro Shield 300  60  300  
MCNP4C 313 22 354 

Directly with unshielded 
syringe, 75 patients. Time 
of administration 15s. Hand phantom 202 23 202 
     

Micro Shield 361  226  300  
MCNP4C 325 78 313 

Total local irradiation after 
administration of FDG to 
625 patients Hand phantom 211 39 206 

 



Radiopharmacists
Screen shots from video records of geometry 
irradiations of radiopharmacitst hands during 
preparation of automated dose dispenser for filling of 
syringe with FDG are shown in Fig. 6 to 9. Hand 
irradiation in phase of final preparation of syringes with 
activity 400 MBq for administration to patient is shown 
in Fig.10. 



Fig. 6. Vial with FDG of activity 7,1 GBq is 
taken out from transport container and 
embedded into stationary container. Time 
of handling with vial is 9s, equivalent dose 
0,4mSv.



Fig. 7. Preparing of vial with FDG of 
activity 7,1 GBq by left hand. Time of 
handling with vial is 5s, equivalent dose 
0,21mSv.



Fig. 8. Left hand of radiopharmacist that is 
preparing vial with FDG of activity 
7,1GBq.  Time of handling with vial is 4 s, 
equivalent dose 0,15mSv.



Fig. 9. Left hand is holding of vial with rest 
of activity cca 200 MBq. Time of handling 
37s, equivalent dose 0,09mSv.



Fig. 10. Final preparation of syringes filled 
by 400 MBq FDG. Radiopharmacist
prepared 4 syringes with total time 56s of 
handling, equivalent dose 0,12mSv.



Fig. 11. Hand phantom with pinc
on hand. Numbers also represent 

ers. Above are by numbers marked dosimeter locations 
local dose in relation to response of ring dosimeter.



During preparation of syringes with FDG radiopharmacist
hands are mostly irradiated on fingertips holding pincers, 
needles etc. Hand phantom for simulation of 
radiopharmacist hand irradiation is in Fig.11, bottom part.
Verification of chosen representative irradiation geometry 
was performed by experiments with TLDs that were set in 
the same position as were on hand phantom, see Fig.12. 
Dose distribution on left and right hands relatively to ring 
dosimeter response are given in upper part of the Fig.12. On 
the bottom in Fig.12 there are dosimeter responses in mSv. 
Irradiation of radiopharmacist left hand is higher by about 
factor 2 than irradiation of right hand. Dose distributions on 
both hands are similar. Thus for measurements of hand 
dose distribution construction of one phantom seems to be
enough. For this purpose hand phantom with pincers (length
10 cm) is suitable, because of similarity of dose distributions 
in Fig.11 and Fig.12. 
Ratio of dose at place of maximum irradiation and response 
of ring dosimeter of radiopharmacist is 2,2. Preparation of 4 
syringes with FDG induced irradiation forefinger tip of left 
radiopharmacist hand with value of maximum dose 1,2 mSv.



Fig. 12. Dose distribution on right and left radiopharmacist hands irradiated during all 
manipulations with FDG for preparation of 4 syringes with FDG. In upper part of the figure is 
dose related to response of ring dosimeter. Below are values of dose equivalent in mSv.



Conclusions

Hand phantoms provide a possibility of dose mapping for specific sequence 
of handling with radiopharmaceuticals. These specific sequences, which are 
relevant from the point of view hand irradiation could be chosen on base of 
analyses of video records of worker during handling with 
radiopharmaceuticals. 
Representativeness of hand phantom is verified by dose mapping in real 
experiment with dosimeters on hands of nuclear medicine personal.


