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Abstract. After getting independence 2006. year and became 192nd member of UN, Montenegro state is 
conducting measures for radiation protection autonomously. Because of complexity of such issues, Montenegro 
faced a lot of problems: lack of a national legal system in this field, expertise, appropriate equipments etc. Some 
estimates have shown that the major exposures of populations in Montenegro to ionizing radiation are due to the 
medical care. The purpose of this work is to analyze current protection in radiological diagnostics in Montenegro 
and compare it with international standards. It could be clearly stated where they are in agreement or 
disagreement. The method of analyzing is a holistic one, starting from the law, regulations and decisions through 
the protocols of quality controls and finishing with the reports and database of important parameters and data. 
The main findings are stated as follows: although the current radiation protection in radiological diagnostics is 
conducting according the law of former Federal Republic of Yugoslavia (FRY) and its regulations and decisions, 
the overall legal system is still satisfactory; Identification and location of radiation sources through a system of 
notification and maintaining a national inventory is not satisfactory; There are a lack of expertise and equipments 
for the technical services, although the procedures and protocols of the quality control are at a satisfactory level; 
There is a lack of knowledge of professional staff working in this field. The practice is sometimes operated 
carelessly; The patients protection are satisfactory but there is not care to decrease a level of exposure according 
the ALARA principle. 
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1. Introduction 
 
Although there are no the official records and because Montenegro has no the nuclear power industry, 
one can easily conclude that the most important contribution to exposure of the Montenegrin 
population from man-made sources of radiation are from the medical practice. A similar situation is 
with the statistics where one can make only a very rough estimation about the number of x-ray 
machines, annual sales of x-ray films, number of hospital x-ray examinations, numbers of x-ray visits, 
and number of diagnostic x-ray procedures. But at a glance one can conclude that the extent of the 
radiation exposure and its rate increase in Montenegro society, probably in a similar way as 
throughout the world. Thus, a great attention should be paid by Montenegro government to achieve the 
standard international level in the field of radiation protection in medicine. In this work an analysis of 
the all chains of radiation protection in the radiological diagnostics are performed and some 
recommendations are explained.   
 
2. Legislation and Law 
 
The current law [1] comprises more or less the key principles and concepts important for the effective 
regulations of the radiation protection and reflects the technical standards and guidance documents 
developed by the International Atomic Energy Agency (IAEA) and EU, in spite that the law was 
promulgated before then these documents [2,3] occurred.  In order to provide an appropriate level of 
flexibility, a distinction has been made between primary legislation, establishing the general regulatory 
framework and detailed regulations and guidance on technical matters. 
 
IAEA assists Montenegro, at its request, in developing its national legal arrangements for regulating 
the uses of nuclear technologies and ionising radiation. This action is still in process because, to 
establish a well structured legal framework, necessary for meeting the technical and management 
requirements designated to protect public health, safety and environment needs carefully planning and 
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time. The IAEA conduct review of the draft nuclear and radiation legislation of Montenegro and 
makes suggestions for improving it. Such review focuses on whether the draft is consistent to 
international legal instruments and with international best practices, as reflected in relevant IAEA 
safety standards. 
 
A temporarily regulatory body has been established at the Ministry of Health, Work and Social Affairs 
and its responsibility is to ensuring the provision of services of an adequate standard to meet 
obligations of the regulations and decisions relating to use radiation sources in medicine [4-9]. These 
include the provision of a radiation dosimeter service. There is not yet a national dose registry, an 
instrument calibration service traceable to national standards, analytical laboratories and training 
facilities. These services are provided through public organizations (University and Eco-toxicological 
Institute) operating within procedures and standards comprised in the documents [4-9] and approved 
by the regulatory body. It is found to be a good choice from the point of view of cost-effectiveness. 
 
The regulatory authority carries out inspection and surveillance of authorized medical organizations on 
a regular basis (every year) to ensure compliance with relevant legislation. The regulatory authority 
has powers of enforcement and prosecution in the event of non-compliance through the existing legal 
processes. Also, there is the procedure for appeals against decisions and actions of the regulatory 
authority. 
 
The approved medical practitioners are responsible for carrying out medical surveillance of Category 
A workers as defined in [1,7]. Data collection are undertaken by two authorized laboratories set up to 
advice the regulatory body and produced reports for them. 
 
3. Technical Status of Current X-ray Machines 
 
For the whole Montenegro population, less than 700, 000 persons, there are approximately 200 
diagnostics x ray tubes, distributed in 25 cities, whose structures is presented in Fig. 1. 
 

Figure 1. Structure of the health a) and x ray b) units in Montenegro 
 
                                    a)                                                                                  b) 
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There is no any manufacturer of x-ray machines in the country thus, only there are the purchasing 
specifications which include conditions to meet the safety requirements, like meet International 
Electro-technical Commission (IEC) standards are used.  But, in the current legislation it is not 
obligatory.  
 
All medical x-ray machines for radiography and fluoroscopy are engineered to enable the operator to 
define precisely the region of the subject that is irradiated and to prevent unnecessary exposure of 
either the operator or the subject. These x-ray machines come equipped with milliampere (mA) meters 
or miliampere-seconds (mAs) that give the tube current or charge emitted from the filament. 
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Depending on the circuitry the high voltage vary between 0 and a peak values up to about 130kV and 
they are mostly three-phase six-pulse or twelve-pulse machines  in order to contribute of characteristic 
photons as much as possible [10]. Machines for radiography with a DC waveform are forbidden to use 
by the law [8]. 
 
The focal spot diameters must be specified at the machines [4], but not controlled. There are not 
radiation protection standards to specify a minimum filter thickness equivalent to  aluminium for 
diagnostic x-ray machines operated above 70kV peak, but they are measured. Radiation protection 
standards specify that the leakage from the housing of a diagnostic machine is not exceed 1mGy in 1hr 
at 1m from the target when the tube is operated at any of its specified ratings. 
 
In dental x-ray machines, it is not practical to use adjustable collimators and all machines create DC 
waveforms. The machines with  high voltages less than 50kV are forbidden to use by law [8] but they 
are still in practice. 
 
3.1 Radiation Shielding for Diagnostic X-rays 
 
There is not a unique methodology for shielding of diagnostic x-ray rooms. The regulatory body is the 
final arbiter when room shielding is designed and the tested. Levels of scattered radiation from room 
walls are regulated only by the room space and are not recorded separately from the leakage radiation. 
The methodology is very straightforward and conservative one. 
 
3.2 Dose Measurements in Diagnostic Radiology 
 
Many studies have been made of exposures and doses to patients in the course of medical 
examinations and procedures [11]. In Montenegro two official laboratories has assessed radiation 
exposures levels in diagnostic x-ray since 2006. The data are obtained under the supervision of the 
state regulatory body within the Ministry of Health, Work an Social Affairs. The program concentrates 
on a single radiological examination each year, obtaining up-to-date information on clinical practice, 
patient workload, and patient dose. The state provides the personnel to do on-site surveys and perform 
the measurements on the x-ray equipment. 
 
Measurements are made by placing the detector on the standard water phantom, thus recording the 
actual dose to the skin i.e. entrance surface dose (ESD).  The dose is recorded along with relevant 
operating data for the machine, kilovoltage, miliamperes, exposure time, filtration and so on.  
 
4. Quality Assurance and Quality Control (QA/QC)   
 
QA/QC are based on the Law, regulations and decisions [1, 4-9]. To get authorization for a medical 
practice where use of a x-ray source is involved, the legal person must pass first the process of 
notification. It includes submitting a safety assessment of facilities and equipment to the regulatory 
body. All these necessary x-ray quality assurance data, contained in the safety assessment, are 
conditionally divided in five groups: 

• plan of the shielding requirements for x-ray facility; 
• inventory data about the x-ray machine and involved staff; 
• protection of the patients; 
• protection of the staff; 
• protections of the members of population.   

 
A yearly QC excludes only the first group. The control must be done after any repairing, changing or 
modifications as well.  The reports of the QA/QC service were written in a free format, but must 
contain some mandatory data.  There are not a standard database about main parameters and measured 
quantities.  
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4.1 The Protocol for Quality Control 
 
The protocol of controlling a x-ray machine is written in detail in [7]. For example, to access a patient 
exposure in radiography one should determine the specific radiation output (mGy/mAs), for the tube 
voltages 60, 70, 80, 90, and 110 kV. The measurements have to be given at the distance the tube focus-
detector of 1m. Another example is fluoroscopy. The measurements of ESD should be conducted 
under tube voltage of 90kV and the anode current of 3mA. Also, referent levels for the patient doses of 
any medical practice is given and the measured doses must not exceed 20% of them.   
 
4.1.1 Results 
 
All measurements were done with Barracuda RTI x-ray multimeter system , specially designed for x-
ray QA. Ten measured quantities and their waveforms  are measured: peak tube voltage (kVp), 
exposure time (s), pulses, dose (mGy), dose rate (mGy/s), dose per pulse (mGy/pulse), pulse rate, half 
value layer (HVL) (mm Al), total filtration (TF) (mm Al)  and waveforms. Calibrations were done for 
radiography, cine/pulsed radiography, fluoroscopy and pulsed fluoroscopy, mamogaphy, dental and 
panoramic dental, and computer tomography (CT).  
 
Due to a great variation of x-ray machines (old and modern) the measured parameters also vary 
significantly.  The practice and chosen parameters in the same medical examinations varied 
considerably as well. Some results are presented below. 
 
Radiography: Deviation of nominal tube voltage U and exposure time t must be less than 
10%.  In the most cases for the modern devices, these deviations were less than 1%, but for the older 
one were sometimes at the limit or even greater than 10%. 
 
Reproducibility for tube voltage, exposure time and ESD must be less than 10% as well. The real 
situation is similar as for the above parameter. 
 
Total filtration at 80 kV varies from 1.7 mm Al to 3.5 mm Al, and  for HVL from 2 to 4.5mm Al. There 
are no limit regulation by the Law.  
 
The measured doses for the same medical examinations differs in some cases one order of magnitude. 
 
Dental: In the most cases the tube voltage is fixed i.e. can not be tuned. The range of the measured 
voltages is from 45 kV  to  73 kV .   A significant number of the machines with  high voltages 
less than 50kV exist,  although they are forbidden to use by the law. 
 
The measured doses significantly varied for the intra oral examinations and are in the range of 8oo 
micro-Gy to 7 mGy. 
 
CT and mamographs: They are mainly modern computerized devices with the predicted doses. The 
only problem is that there are lack of good skilled staff for using good performances of these devices 
in the best way.  
     
5. Conclusions and Recommendations 
 
This is the first try to get a review about situation of radiation protection in radiological diagnostics in 
Montenegro. The most important conclusion is that it is not ensured that medical exposure is kept as 
low as reasonably achievable, consistent with the intended purpose of the exposure. The training for 
the staff is the primary task. 
 
To implement the obligations of the EU directives and regulations suggests that the most demanding 
and time-consuming tasks associated with implementing these directives and regulations are: 

• transposing the requirements of the directives into national legislation; 
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• establishing and developing the institutional structure for controlling the particular radiation 
      hazards, including the setting up of coordinating bodies, specialist advisory institutions and    
      regulatory agencies; 
• establishing technical standards and drafting codes of practice and other guidance documents; 

and 
• establishing training standards and providing training facilities. 

  
Estimates the amount of exposure of the population to radiation for medical purposes protocols for the 
use of radiological equipment have to be established.  
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