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Abstract – Occupational radiation exposure of nuclear medicine personel arise either from external 

irradiation during the handling or from the entry of radioactive substances in the body; the major source 

of external irradiation is the patient that has received a radiopharmaceutical for diagnostic or therapeutic 

purposes. In this study we present the dosimetry monitoring of the personnel at the Institute of 

Pathophysiology and Nuclear Medicine in Skopje (IPNM) before and after the implementation the 

methods of ORP.  

Twenty-seven employees were optimized with standard TLD card, monthly, expressed as whole body 

personal dose in the period of use of dosimeter. Annual Effective Doses (AED) are presented for years: 2001, 

2004, 2005, 2006, 2007, 2008. In the year 2005, after measurement from Technical Service Organization,

IPNM Radiation Protection Officer (RPO) designed and implemented new recommendation and modality 

such as: designation of areas, introducing ambiental dose measurements, classification of employees, 

personnel rotation, risk assessment, occupational dose constraints, education of personnel, compliance with 

written procedures and establishing the Programme for Radiation Protection (RP). ORP measures were 

applied during the year of 2006, so the results of 2001, 2004 and 2005 correspond to unopimized RP. 

We were evaluated three groups: radiopharmacy laboratory (RPL), nuclear medicine technologist (NMT) and 

medical doctors. The third group was further divided according to the AED in group with AED bellow 1.6 mSv 

(MD1), and group with AED above this level (MD2). The average AED in the NMT group for 2005 was 3.59 

mSv, while in 2008 it was 1.8 mSv; for MD1 group in 2005 was 1.5 mSv and in MD2 was 3.0 mSv. The average 

AED in 2008 for MD1 was 1.1 mSv, while MD2 group comprised of only one subject with annual effective dose 

of  1.76 mSv. The most exposed groups were nuclear medicine technologists (NMT) and medical doctors 

routinely involved in everyday nuclear medicine procedures (MD2). 

The results from our study clearly show the reduction of external radiation dose at the IPNM after 

establishment of ORP measures in 2006. The reduction was most significant in the groups that had the 

highest radiation burden.
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1. INTRODUCTION

Occupational radiation exposure of nuclear medicine 

personnel arise either from external irradiation during 

the handling of unsealed radioactive sources and 

radioactive patients, or from the entry of radioactive 

substances in the body. In nuclear medicine the major 

source of external irradiation is the patient that has 

received a radiopharmaceutical for diagnostic or 

therapeutic purposes. Contamination from unsealed 

radioactive substances may produce further external 

irradiation hazard. 

In this study we present the dosimetry monitoring of 

the personnel at the IPNM before and after the 

implementation the methods of ORP. 

2. MATERIALS AND METHODS 

2.1. Personal dosimetry monitoring 

Under the personal dosimetry monitoring are 

approximately 45 employees of the IPNM per year, 

but RP of only 27 employees was decided to be 

optimized and only they were included in this study. 

Standard TLD’s (TLD card with two elements of LiF 

-Harshaw/Bicron TLD 100) were carried monthly and 

the readings were performed by the Laboratory for 

Radiation Dosimetry at the Institue of Public Health 

of Republic of Macedonia. The measurements and 

readings are based on documents: IEC 1066 [1], 

IAEA RS-G-13 [2], ICRP 75 [3] and National Law 

on radiation safety [4]. 
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These readings are expressed as whole body personal 

dose equivalent Hp(10) substracted by value of 

background measured in the period of use of 

dosimeter.  From these readings AED was calculated 

for every employee within the study and doses less 

than 0.1 mSv are registered as 0.09 mSv. 

AED’s are presented for years: 2001, 2004, 2005, 

2006, 2007 and 2008.  

2.2. Technical Service Organization (TSO) 

At the end of 2005 TSO was invited to conduct variety 

of dosimetry measurements at the IPNM. Ambiental as 

well as workingplace monitoring comprised all affected 

areas: radiopharmacy laboratory (radioisotope Mo/Tc-

generator, production of radiopharmaceuticals, 

compound labeling, QC of radiopharmaceuticals), 

gamma-camera scan rooms, low energy and high energy 

radioisotopes storage space, low energy and high energy 

radioisotopes application labs, temporary radioactive 

waste storage etc. The appropriate report was issued by 

the TSO afterward, and as a result of mutual analysis 

and agreement between TSO and IPNM RPO, 

recommendations for ORP were produced. 

2.3. Optimization of Radiation Protection

Recommendations and the method of ORP comprised:  

 designation of areas,  

 introducing ambiental dose measurements, 

 classification of employees,  

 personnel rotation,  

 risk assessment,  

 occupational dose constraints,  

 education of personnel,  

 compliance with written procedures and  

 establishing the Programme for RP. 

The beginning of 2006 was starting point for 

implementation the variety of modalities of the ORP. 

All afected areas with ionizing radiation were designated 

and marked with appropriate radioactive warning signs. 

Radioactive patient room was rebuild and shielded by 

lead foil. Monthly ambiental TL dosimetry was 

introduced in 8 different laboratories of interest. 

Classification of employees as class A an B workers was 

done. All gamma-camera technologists became a part of 

rotation schedule working plan; everyone was to spend 

one month at one gamma-camera i. e. four weeks in 

morning and afternoon shifts, one by another respectively. 

After one month everyone was to change the next gamma 

camera in the same manner. Working habits and acting of 

the employees were changing towards full compliance 

with written procedures. Two and half months education 

course in the field of basic nuclear physics, interaction of 

ionizing radiation and matter, detectors, planar, SPECT 

and PET gamma-camera systems, computers in NM, 

radiation dosimetry and protection has been performed, 

exams taken and local recognition diploma issued. 

Programme for Radiation Protection was established, 

elaborated and writen, and at that time became only 

official document of a kind in the country. 

3. RESULTS 

The results from the monitored personell were evaluated 

in groups according to the working place and duties. The 

first group (RPL) comprised of personell in the 

radiopharmacy involved in the preparation and labeling 

of the radiopharmaceuticals, second group were nuclear 

medicine technologist (NMT) and the third group were 

medical doctors and physicists. The third group was 

further divided according to the AED in group with 

AED bellow 1.6 mSv (MD1), and group with AED 

above this level (MD2). 

ORP measures were applied during the year of 2006, so 

the results of 2001, 2004 and 2005 correspond to 

unopimized RP, and the results of 2006, 2007 and 2008 

give a picture of optimized RP.  

The overall average annual effective dose (OAED) for 

all employees showed significant decrease after the 

introduction of ORP measures. The average OAED for 

the three years before the ORP was 2.1 mSv, while 

after the ORP the average for the years 2006-2008 was 

1.5 mSv. In view of this results it should be taken in 

consideration that the average OAED for 2006 when the 

ORP programme started was 2.0 mSv, while two years 

later when the practice of ORP was steadily established 

the OAED was 1.1 mSv. 

The most exposed groups to external irradiation were 

the groups of nuclear medicine technologists (NMT) and 

the group of medical doctors routinely involved in 

everyday nuclear medicine procedures (MD2). These 

groups are the one that show the most significant 

decrease in AED in years 2007 and 2008. The results for 

all four groups in the years before and after the 

introduction of ORP are shown in the Figures 1-6. 

The average AED in the NMR group for 2005 was 

3.59 mSv, while in 2008 it was 1.8 mSv. The average 

AED in MD1 group in 2005 was 1.5 mSv and in MD2 

was 3.0 mSv. The average AED in 2008 for MD1 was 

1.1 mSv, while MD2 group comprised of only one 

subject with annual effective dose of  1.76 mSv. 

4. CONCLUSION 

The results from our study clearly show the 

reduction of external radiation dose at the IPNM 

after establishment of ORP measures in 2006.                        

The reduction was most significant in the groups 

that had the highest radiation burden.  

The handling of radioactive sources and radioactive 

patients in nuclear medicine departments should be 

done according to recommended procedures by the 

national and local radiation safety law and rules to 

minimize the occupational radiation exposure of 

employees and to bring up the occupational 

radiation protection to higher level, taking into 

account the basic principles of ALARA philosophy: 

justification, limitation and optimization. 
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Fig. 4 - AED Distribution in 2006 Fig. 1 - AED Distribution in 2001

Fig. 2 - AED Distribution in 2004 Fig. 5 - AED Distribution in 2007 

Fig. 3 - AED Distribution in 2005 Fig. 6 - AED Distribution in 2008 
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