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Each Member State of the European Union is currently committed to produce national 

legislation, demonstrating conformity with the European Directive on medical exposures. 
According to the Directive, each country shall estimate the medical exposure of its 
population. For this purpose it is necessary to calculate the individual effective dose from 
each type of diagnostic radiology examination and the frequency of the examinations. The 
collective effective dose (CED) is disputable indicator for the medical exposures but it is a 
criterion for the level of the country on the radiation protection of persons undergoing medical 
exposure. 

 The individual effective doses from each type of diagnostic radiology examination 
will depend on the patient's age, sex, weight, the number and type of images, the screening 
time and also the equipment used. Some mean values can be obtained through surveys of 
patient dose and compared with the national or European reference doses for `standard sized' 
patients. 

 The aim of this investigation is to assess the exposure of Bulgarian population undergoing 
diagnostic radiology examinations. 

The diagnostic radiology procedures are in 30 positions, distributed in 3 age groups: 0 
– 17 y., 17 – 45 y. and over 45 y. For the assessment of the CED the generally accepted 
formula has been applied. The individual effective doses have been established on the basis of 
standard tablegrams for the radiographic diagnostic examinations and the results from the 
national research project  “Phare” in 2002. 

Present data are:  average number of examinations 3848.92x103, frequency in thousands 500, 
annual effective  individual dose 0.89 mSv/y and average annual collective effective dose – 
3314.59 man.Sv/y. The mean effective dose per caput of population for medical exposures 
can then be compared with that of other countries having similar levels of health care. 
Comparisons can also be made with exposure of the population from other sources of 
radiation.  

 The dynamics and tendencies of examinations of the highest frequency and dose 
burden over the last 5 years are studied and discussed. 
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INTRODUCTION 

 
 During the recent 100 years the application of ionizing radiation in medicine has been 
gaining great importance being a major and very precise method of diagnostics and therapy. 
The constantly increasing benefit from it favors the expansion of medical radiology practice. 
As a result of this, on a large scale, medical exposure appears to be a significant component of 
total exposure of population, regardless of the level of health services. 

The exposure of the Bulgarian population from natural and man-made sources is 
object of many studies and publications, some of which have general characteristics [1]. 
Essential data on this exposure are represented also in the last reports of UNSCEAR-1993 [2] 
and UNSCEAR-2000 [3]. It is evident from the given data that the medical exposure is equal 
to about 50% of the background exposure. This value is high in comparison with a lot of 
developed countries from the so-called I-st group (Health-care level I), to which Bulgaria 
belongs [4].  

Diagnostic radiology is the main man-made source of radiation exposure contributing 
to about 26 % of the average total radiation exposure for the Bulgarian population. X-ray 
equipment in the country includes about 1000 conventional units, 100 CT scanners, 100 
dedicated mammography units and 10-12 modern angiographic and interventional equipment. 
Nowadays the health care system in Bulgaria is under reconstruction and undergoes 
fundamental changes. Some important steps have been done recently in the framework of a 
Bulgarian-German twinning project under the EC PHARE program towards transposing the 
Council Directive 97/43/EURATOM (2) into Bulgarian legislation and improving the 
institutional framework. 

A national survey of patient doses and image quality was performed by NCRRP in 
2002-2004. National Reference Levels are established for conventional radiography and 
mammography. For other diagnostic procedures the European Reference Levels were 
adopted. DRL are included in the Ordinance for Protection of Individuals at Medical 
Exposure [1]. 

Objective:   The aim of this investigation is to asses the exposure of Bulgarian 
population undergoing diagnostic radiology examinations. 

The medical radiation exposure of a patient for a specific examination depends on the 
physician's professional education and knowledge in radiation protection and X-ray 
technique. Furthermore the dose to the patient is strongly influenced by the quality of the X-
ray unit and the image detector, which in turn can be maintained at a high level by a 
comprehensive quality assurance program for the equipment. 

MATERIALS AND METHODS 
 

The above-mentioned national survey covered 130 conventional X-ray units in 37 
towns. It was found that about 80% of the departments use rare earth intensifying screens, 
other 20% still using CaW screens. The diagnostic radiology procedures are in 30 positions, 



distributed in 3 age groups: 0 – 17 y., 17 – 45 y. and over 45 y. For the assessment of the 
collective effective dose (CED) the generally accepted  formula has been applied. The 
individual effective doses have been established on the basis of standard  tablegrams for the 
radiographic diagnostic examinations and the results from the national research project  
“Phare” in 2002. 

Two methods have been applied for the dose assessment: direct measurement of the 
Entrance Surface Kerma (ESK) by thermoluminescent detectors (TLD), and calculation of the 
ESK based on KAP (kerma-area product) All the information from the local centers was 
collected into the specially designed data base and then properly analyzed. 

 RESULTS AND DISCUSSION 

 Table 1 shows the total number and frequency of the radiographic diagnostic 
examinations, CED and the mean annual individual effective doses from medical exposure 
over a period of 6 years (2000 – 2006). 
 The analysis of the presented data shows an insignificant increase of the total number 
and frequency of the X-ray examinations while the levels of CED and respectively the 
individual effective dose are raised considerably. 
 Although the total number of  the X-ray diagnostic examinations is slightly increased 
– about 20%, the share of  the computed tomography examinations (CT) and interventional X-
ray procedures is more considerably increased: 2,08 times more CTs are done on adultsand 
1,35 times – for children; respectively 2,2 times more interventional procedures done on 
adults and 16 times – for children. 
 As seen from Table 1 4% of all X-ray examinations are CT scans and 0,45% are 
interventional procedures. 6,4% of all CTs and 12% of the interventional X-ray procedures 
are performed on children. 
 The presented numbers are the mean values for a period of 5 years. 
 In comparison with the period 1995 – 2000 the total number of the CT scans is 
increased by 3% and the total number of interventional x-ray procedures – by 15,8%. 6% of 
the CTs and 12% of the interventional procedures are performed on children. 
 The comparison between CED from CT-examinations for the two time periods: 1995 
– 2000 and 2000 – 2006 indicates a significant dose increase from 20% to 40%. In most 
hospitals the share of CT-examinations to all X-ray examinations is constantly growing. In 
1990 CED from CTs contributes to about 6% of the diagnostic medical exposure, while in 
1999 it is more than 11% and in 2006 – approximately 70%. 
 Today CT scans on children are performed much more often than before. In some 
hospitals 11% of the CTs are done on children aged 0 – 15 years. 
 The comparison between these data and data from UK and USA gives the same 
picture. In Great Britain the number of CT scans is increased by 2% - 4% for the period 1989 
– 1995. In the same time period the increase in CED from CTs reached 40%. The same 
tendency is evident in the USA where the number of CTs per caput of population is even 
greater. 
 It is well accepted that the mean doses per patient (or reference levels) in each 
representative study have to be compared with the national or European reference levels for a 
standard patient. The requirements of the European regulations are included in Ordinance for 
Protection of Individuals at Medical Exposure . 
 The next table shows the individual effective doses from medical exposure for 13 
countries according to data from UNSCEAR. According to it Bulgaria is between Russia and 
Canada – 0.99 mSv, followed by France/Switzerland and Germany (Fig. 1). 
 
 
 



CONCLUSIONS 
 
1. The annual effective individual dose from medical diagnostic exposure per person in 
Bulgaria varies from 0,75 to 0,99 mSv. This dose is several times higher than the 
correspondent dose in Europe and the USA. 
2. The structure and frequency of the x-ray examinations in Bulgaria and the European 
countries as well as the trends of increase part of the share of CTs and interventional X-ray 
procedures are similar. 
3. The dynamics of the total number of radiographic diagnostic examinations is relatively 
stable. No significant differences are registered. CED shows stable tendency toward increase 
due to the growing share of CT scans and interventional X-ray procedures. 
4. The alternative imaging modalities such as ultrasonography and nuclear imaging do not 
replace but mostly contribute the conventional X-ray diagnostics. The introduction of MRI 
did not reduce the use of CT.  
5. This could possibly be due to the high price of MRI examinations, which are not covered 
by the National Health Care System. 
 

The main reasons for the high radiation exposure in medicine are the big increase of 
intensive dose examinations, the growing share of computer tomography and angiographic 
examinations, long fluoroscopy exposure times, the use of fluoroscopy with high contrast, 
large number of cine sequences, small focus-surface distances, as well as the trend towards 
better image quality. The high image quality fundamentally demanded today (already during 
the evaluation of the equipment) is unavoidably connected to higher radiation doses.  
 

The radiation exposure in medicine can be reduced considerably by improved and 
competent training of the personnel, the use of sensitive film-screen-combinations, the 
reduction of the applied radiation field to the necessary body volume, and the adaptation of 
the image quality to the specific purpose. 
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Fig.1. Annual per caput Effective Dose from medical exposure 

 
Table 1: Exposure of the Bulgarian population 2001/2006 

 
Time 
period  

Number of 
examinations 
x10 3  

Frequency 

 

Collective 
Dose (CED) 
(man.Sv/y) 

Mean effective 
dose (ED)   
(mSv)       

2001 3488,57 0,44 3073,9 0,88 
2002 3990,10 0,51 3466,02 0,84 
2003 3714,9 0,48 3227,88 0,86 
2004 3818,17 0,50 3648,25 0,95 
2005   4220,15 0,55 3612,71  0,99         
2006     3861,647 0,51 2858,79 0, 75                  
Average  3848,923 О,50 3314,59  0,89                     

 Table 2: CT   and interventional examinations (2001/2006) 

Time period  CT  examinations  Interventional examinations  
 adults children adult children  
2001  94249    8636 12919   470 
2002 138774  10161 17795  2191 
2003 161850    9790 10367    654 
2004 172946   8514 28198 7525 
2005 150463 11508 24637 1122 
2006 189353 9547 9464 343 
Average  151273  9693   17230 2051 

 


