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Planning of a durable sustainable development requires balance between economic interests, social consequences 

and preservation and reproduction of the environment and human potential. For the profound investigation of the 

ecological problems it is particularly important to run alongside the analysis of the population health status and the 

growing emphasis on effective measures to be undertaken to solve them on a long-term basis in order to restrict and 

reduce the potential risk.  

One special task in this field concerns the radioactive waste in medicine, especially the unsealed radioactive sources 

for diagnostics and metabolic therapy and those handling after use. In the scope of the European legislature and the 

respective Bulgarian laws the radioactive waste is subject of severe requirements and special monitoring and 

control. The present paper describes the situation in the country linked to the organization of the RAW storage, 

processing and discharging including the prerequisites, the risks factors, the technological solutions and the 

potentialities for realization as well as the concerned responsible bodies.  
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Introduction  

In our days, the percentage of nuclear medicine as diagnostic and therapy methods in health care 

is steadily augmenting – already over 10%. Especially concerned are radioactive substances in 

unsealed form. They are primarily used for diagnostics by means of diverse detection equipment 

(PET, SPECT and planar gammacameras, rectilinear scanners, among others) and for treating 

diseases by metabolic irradiation. Some radioisotopes are applied in clinical biology and medical 

research labs, as well. Thus, significant amounts of radioactive waste install problems with those 

storage, treatment, management in general. Consequently, the risk for the public health and the 

environment is increasing. In the EU effective regulatory means have been elaborated and 

introduced and are currently updated [1,4,5]. Nevertheless, there were alarming incidents that 

made it urgent to review the national and international legislature and its implementation in 

practice 

In order to increase the protection of the workers, patients and parts of the population that might 

be affected by the radwaste generated in medical facilities certain efforts have been undertaken 

to compare the management of medical radwaste in the new EU Member States with that of  the 



older ones and based on it to draw some recommendations for improvement and harmonization 

of the practices throughout the EU. This, among others, included uncovering of differences in: 

the national regulatory framework; the range of radionuclides used in medical facilities; the 

annual inventory of waste generated; the operational management scheme applied in the most 

representative facilities; the legal provisions for ensuring regulatory compliance in these 

facilities. Special attention was paid on radiation protection and physical protection during 

storage and preparations for the dispatching of radwaste out of the medical or research premises. 

The study footed on the paramount document RADWASS [1] in the category of Safety 

Fundamentals,  encompassing the basic principles and concepts for safe radioactive waste 

management, and other Safety Fundamentals publications [2,3,5], too. The corresponding 

demands concerning the radwaste management deal with the collection and segregation, 

packaging and labeling, characterization and processing, transport, recording and inventory. 

Adhering to strict requirements laid down in the National regulation [2],[3] the RAW is 

classified in different categories. With respect to the latter guidance and procedures are 

elaborated for conducting inspections as well as for follow-up actions related to the 

implementation of recommendations and corrective actions.  
 

Matherial and methods 

Some breath-taking data: In the USA – exposure from medical X-rays – 11 %, from NM – 4%;  

In Bulgaria - 23 % and 2,5%, respectively! In both examples the natural background composes 

approximately 65-70%. 

The range of the radionuclides in the “in vivo” and labelled molecules used in the “in vitro” 

techniques isn’t so great any more. For the study, the following list of radionuclides together 

with their application were considered:  

- I-131 for treating cancers and benign pathologies of the thyroid;  

- Sr-89 for palliative treatment of bone metastases; 

- Y-90  for anti-inflammatory treatments;  

- Ir-192 in interstitial therapy;  

- Tc-99m for medical diagnostics 

- I-131, Cr-51, P-32 and some others, for various mainly in-vitro purposes. 

The annual activity amount supplied to the hospitals and labs in the country varies with the years 

(different import quotes) but exhibits a certain stability in terms of the most practiced 



examinations and therapy procedures in the nuclear medicine. The volumes and activity of 

radwaste annually generated in each representative facility were of importance and have been 

controlled on the basis of the relevant documents. For transparency reasons the radwaste has 

been classified as: solid (compressible, non-compressible, combustible); liquid (organic or 

inorganic) and miscellaneous (needles, tubes with scintillating liquid, wires, etc.). 

The national practice has been compared on the basis of the established management algorithm 

for the RAW: 1. Definition of radwaste; 2. Radwaste management strategy; 3. Discharge limits 

and radwaste management system in the single medical facility; 4. Transfer of the radwaste to a 

processing centre; 5. Patient hospitalization rules; 6. Preventive measures against multiple RAW 

risks (anomalies, incidents, mismanagement). 
 

Results and discussion  

The comparison was done in broader terms and highlighted slight differences in the following 

areas: national regulatory framework and practical compliance; range of radionuclides used in 

medical facilities; annual inventory of radwaste generated; operational management scheme 

applied in the most representative facilities. Particular attention was paid to the assessment of the 

higher risk of the discharges of radionuclides into the sewerage system and in water resources or 

to environment from medical facilities through the treated and released patients.  

When generating radwaste, all medical facilities have worked out management programs where 

the planned and undertaken procedures for handling it to the point of its disposal or clearance 

from regulatory control are described and justified. The basic management strategy for radwaste 

produced from the use of unsealed sources in medical applications consists in storing the waste 

for decay (short-living radwaste) by authorization. After decay the waste is treated as medical 

hospital waste. Depending on the type of waste, both options are viable: incineration and public 

dump disposal. The on-site incineration of medical radwaste is not authorized with the exception 

of that below the clearance levels. Radioactive liquid effluents are released without control after 

having assessed that they are sufficiently diluted by the other effluents of the facility. For long-

living radwaste (category 2) the licensee is obliged to deliver it to the State Enterprise 

“Radwaste”.  

Medical radwaste collection, sorting and packaging (partly also labeling) are carried out 

according to internal rules under the responsibility of the user (radiation protection service) after 

agreement with the Nuclear Regulatory Agency upon licensing. The radioprotection officer 



(RPO) of the medical facility is responsible for characterizing the medical radwaste. The 

dosimetry is carried out by private companies (either film or TLD dosimeter), analysis and 

monthly provision of results. Generally the dose range varies between 0.8 to 6 mSv/year for the 

nurses, with the preparation of the products and the patient treatment as the operations inducing 

the highest doses. Since the total amount of liquid effluents from the hospital is great enough, a 

sufficient dilution is assumed (based on calculations only!). Usually the effluents directly are 

conducted to the sewage without measurements. In diagnosis, the same practice applies: the 

effluents coming from the toilets used by the patients are released to the sewers network without 

storage for decay nor control measurements. The maximal values of radionuclides contents in 

potable and home waters are 2Bq/l for beta-activity, 100 Bq/l for H-3 and 0.15 Bq/l for Ra-226. 

The patient’s hospitalisation rules are under the form of written procedures hanging to the walls 

in the case of iodine therapy while the instructions to the patients undergoing diagnosis are given 

orally; sometimes written instructions to be signed are provided as well. In Iodine therapy, 

patients are released after 8 days (the dose rate at 1 m from their thyroid is inferior to 14 µSv/h). 

The general policy for the solid RAW is to store it in the regulated manner, in a dedicated 

storage place, for decay - minimum 10 half-lives and the Tc-generators for about 3 months (after 

that dismantled before release as classical waste) . After this period, the dose rate of the waste 

package is measured at its surface and compared to the background level. If the dose rate is 

comparable to the background level, the waste is released by the radiation protection officer as 

classical  medical hospital waste. 

Because of the increased number of procedures and new methods and equipment alike, 

complementing the functioning management programs is needed by: 

- review of existing and forecasted waste sources, streams, inventories and characteristics; 

- selected management option for each waste stream, including terms and activities on 

processing, storage and disposal or clearance from regulatory control; 

- justification of the selected option including description of the analyzed alternatives, 

criteria for selection of the option, adopted basic assumptions and availability of 

possibilities for the waste disposal; 

- demonstration of compliance with the national strategy for radwaste management and 

with the corresponding main requirements from the Safe Use of Nuclear Energy Act and 

the regulations on its enforcement; 



- main risks and uncertainties associated to the program development and evaluation of 

their influence on its implementation; 

- description of the approach used to ensure safety of radwaste management; 

- description of the organizational arrangements ensuring proper execution of the program; 

- necessary financial resources. 

The type of measurement performed, i.e. dose rate measurement, is not appropriate regarding the 

requirement of the law (results in mSv/h). Indeed, the clearance levels are expressed in terms of 

activity (Bq) and not in terms of dose. It is recommended to measure the activity contained in 

the waste package both before storage to assess the period necessary for decay below the 

clearance levels and before the release to verify that these levels are effectively reached. Further 

is recommended also to keep records about the radwaste from their storage to their release in 

order to allow an independent administrative control by inspectors that the procedure for waste 

release described in the application form submitted and approved by the regulatory nuclear 

authority upon licensing is well applied by the radioprotection officer. 

The RPO (or MPE) has regularly to validate internal measurements and keep record about 

potential risks to other persons. Estimates of potential doses to other people should be compared 

with the relevant dose constraints set by the employer. Calculation, making realistic assumptions 

about the patient behaviour and that of other persons concerned, may be necessary if no other 

suitable data are available. If the potential doses are significant compared to the constraints, then 

the advice must reflect this [6]. The risk of contamination and any hazard arising from this must 

also be assessed. For example, a patient causing contamination when leaving the hospital, being 

transported and at home should follow the appropriate prescriptions. Any advice to reduce 

radiation exposure resulting from the risk assessment should be discussed with the patient well 

before administration of the radiopharmaca.  

Having in mind the rapid technological advance work should be continuing on providing 

technical guidance from relevant publications on quality assurance (QA) requirements for all 

types of waste treatment and specifically during container fabrication, waste immobilization and 

packaging, interim storage and waste emplacement operations. The same applies for the process 

control for low and intermediate level radwaste to ensure that the waste packages produced will 

meet the acceptance criteria for disposal. 
  



Conclusions 

The waste management program should be elaborated on the basis of a safety assessment 

analysis by the medical facility in collaboration with institutions or companies having the 

competences for such studies. The program shall be reviewed and updated if necessary upon 

significant changes in the applied waste management methods, technologies and procedures as 

well as in case of changes in the legal safety requirements but at least once every three years. 

Specific legislation dedicated to the management of waste contaminated with short lived 

radioisotopes with clear criteria such as a threshold value of 100 days or six-months as half-life 

for instance should be set up. Waste containing radionuclides with a half-life longer that the 

defined threshold value should be transferred to the radwaste processing centre for appropriate 

treatment. The limits for discharge of liquid effluents in the sewerage given in the license should 

be justified by safety assessment studies alike. The same applies for the release after decay of 

solid medical radwaste as dangerous hospital waste. These levels find use especially in relation 

to transboundary movements of materials – internationally engaging matter.  

Attention should be drawn on the lay-out of the storage premises regarding fire and flood 

protection, decontamination (floor and walls) and organization as a whole. These additional 

measures should be a better disposition of the storage rooms, recording of RAW stored for decay 

and inventory of waste released, an appropriate characterization of the RAW (identification 

number of packages, origin, weight or/ and volume, radioisotope, dates of storage and release, 

combustible/compressible, kind of waste), more precise dose rate measurements. The latter 

should be volumetric and determining the concentration of each isotope present in the waste.  

As is well understood, modern health care  and ecological systems are very close interconnected 

and interdependent,  and state not only a national but more and more an international issue 

which demands the efforts of multidisciplinary teams of experts and governmental and non-

governmental institutions in a global scope. 
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