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ABSTRACT 

 Radioactive sources including all radioactive materials exceeding exemption levels 
have to be registered in national databases according to international standards based on the 
recommendations ICRP 60 and a proper licensing should take place as described for example 
in the 96/29/EURATOM. In spite of that, unregistered sources could be found, usually due to 
the fact that the owner is not aware of radiation characteristics of sources. The material 
inventories of chemical laboratories are typical and most frequent example where radioactive 
sources could be found. 

Five different types of sources could be identified.  The most frequent type are 
chemicals, namely thorium and uranium compounds. They are used not due to their 
radioactivity but due to their chemical properties.  As for all other sources a stringent control 
is necessary in order to assure their safe use. 

Around hundred of stored radioactive chemical items were found during inspections of 
such laboratories performed  by the Slovenian Nuclear Safety Administration or qualified 
experts in a period December 2006 – July 2007. Users of such chemicals are usually not 
aware that thorium and uranium chemicals are radioactive and, as unsealed sources, they 
could be easily spilled out and produce contamination of persons, surfaces, equipment etc.  
The external exposure as well as the internal exposure including exposure due to inhalation 
could be present.  No knowledge about special precautions is usually present in laboratories 
and leads to underestimating of a potential risk and unintentional exposure of the laboratory 
personnel, students etc. Due to the long decay times in decay series of Th -232, U-238 and U-
235 the materials are also radioactive today. Even more, in case of thorium chemicals the 
radioactivity increased substantially from the time of their production.  

The implementation of safety measures has been under way and includes a survey of the 
qualified experts, establishment of organizational structure in a laboratory in order to optimize 
human resources (e.g. nominating a competent radiation protection officer), waste 
management etc. The nuclear safeguard regime should be followed. Special precaution should 
be also taken if contaminated equipment (e.g. fume hoods, pipes) remains at a site.  

1 INTRODUCTION 

The use of radioactive sources became very wide quick after the discovery of 
radioactivity. It expanded from academic laboratories where physical characteristics of 
radiation as well as effects of radiation on humans, animals, plants or materials were studied 
to the broad use in industry, medicine and research. Sources used today span from nuclear 
fuel in NPPs to smoke detectors used in homes.  
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The control of radioactive sources became more stringent after the discovery of harmful 
effects of radiation which followed the discovery of radioactivity. Today a control in the 
European Union (EU) is based on the fundamental recommendations published by the 
International Commission for Radiation Protection (ICRP) [1] whose revision was accepted in 
March 2007. In the EU safety measures required should be always commensurable to risks 
which are posed to humans and the environment by a use of a source [2]. Safety measures 
should take into account all phases of a source life and should be properly applied from its 
cradle to its grave. The control of regulatory authorities takes into account also experiences 
related to incidents and accidents given for example in [3], development of waste 
management options and development of inspection practices [4].  

Today the radiation safety national legislation, accepted by the majority of states, 
prescribes that all radioactive sources including all radioactive materials exceeding exemption 
levels have to be registered in national databases according to international standards. 
Furthermore, a proper licensing is required. In spite of that, unregistered sources could be 
found, usually due to the fact that the owner is not aware of radioactive characteristics of a 
source. The material inventories of chemical laboratories are typical and most frequent 
example where radioactive sources could be found. These laboratories could be located at 
research institutions, universities, industry, state institutions etc. It can be noted that very 
often even exhaustive publications related to a use of radioactive sources do not contain 
detailed information or in some cases none about such uses in chemical laboratories [5].  

 

2 IDENTIFICATION OF RADIOACTIVE SOURCE IN CHEMICAL 

LABORATORIES 

The inspection of selected chemical laboratories in Slovenia conducted by the Slovenian 
Nuclear Safety Administration (SNSA) in 2006 and 2007 is a part of on extensive inspection 
programme which is based on the renewal of the radiation and nuclear safety legislation. The 
renewal of the law related to radiation and nuclear safety, the Act on Protection against 
Ionising Radiation and Nuclear Safety, was adopted in 2002. The adoption of related 
regulations followed in subsequent years. In all cases when sources were found during a 
survey of inspectors or just a founded suspicion was present a detailed survey of a site 
provided by a qualified expert followed. 

Altogether around fifty different laboratories or storages were inspected at four 
institutions in the period December 2006 – July 2007. Figure 1 shows a typical view of 
storage of chemicals in a laboratory. 

 

 

Figure 1: A typical view of storage of chemicals in a laboratory 
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 The laboratories were mainly a part of chemical faculties, e.g. laboratories for 

inorganic chemistry, organic chemistry, analytical chemistry, chemical technology and 
materials. Furthermore, also chemical research laboratories were inspected, e.g. laboratory 
which is a part of the institute for the protection of cultural heritage or a laboratory which is a 
part of the faculty for textile engineering. Around a hundred of sources were identified. In 
general five types of ionising sources were found: 

a) The most abundant type are radioactive chemicals, namely thorium or uranium 
compounds. As an example, a picture of chemical with thorium found at an inspection 
is given on the left picture of figure 2.  
b) In some cases the analysed material is radioactive, for example Tc-99 of activity of 
2.5 GBq at the time of an inspection in 2007 shown on the right picture of figure 2 
which was used in a research programme decades ago and later abandoned. 
Furthermore, in the past a laboratory could also perform analyses of material which was 
related to nuclear fuel cycle research. Although such activities were abandoned the 
radioactive material (e.g. uranium compounds in different forms) are stored in 
laboratories. Furthermore, contaminated equipment (e.g. fume hoods, pipes) could 
remain at a site.  
c) Some sources are related to educational purposes for example Co-60, Sr/Y-90 or Cs-
137 used to study characteristics of radiation or radiation detectors. In such cases a 
focus of education is related to radioactive characteristics of the sources, although this 
can not be regarded as a rule. Today laboratories in order to follow ALARA principle 
very often replace such radioactive sources with materials containing radioisotopes 
whose quantities or concentrations are so low that no special safety measures and no 
regulatory control is needed, that is bellow exemption levels given in [2].  
d) Some analytical methods are related to radioactive sources or radioisotopes e.g. Ni-
63 in gas chromatography. In addition, some chemical laboratories could be related to 
the development of such methods in the past. In order to perform such tasks radioactive 
sources were needed e.g. Ra/Be source used for neutron activation analysis. Some 
laboratories could be also equipped with radiation detectors whose supplementary part 
is a radioactive check source.  
e) The X-ray units and electron microscopes are widely used in chemical laboratories. 
Furthermore radioactive uranium and thorium compounds were very often used in order 
to prepare an object before scanning with an electron microscope. 
 

      
 
Figure 2: Abandoned source of 50 g of thorium nitrate without international radiation 

warning sign (left) and a source of Tc-99 of 2.5 GBq in a chemical laboratory in 2007 
 



607.4 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 

All five types of sources above mentioned were identified during the survey of 
laboratories in Slovenia besides some abandoned sources whose use was not identified in 
spite of an extensive investigation.  

The highest contact dose rate on a vessel containing radioactive chemicals was of the 
order of 10 µSv/h. In some cases the cumulative effect in photon dose rate should be taken 
into account especially if thorium compounds are concerned. If typical thorium sources are 
stored together a dose rate of the order of 100 µSv/h can be easily reached. It should be also 
noted that such area in an NPP where usually radiation dangerous areas are classified into 
three categories would be classified as an area of category II. All areas where dose rate levels 
within the interval 25 µSv/h - 1 mSv/h are labelled as category II areas in an NPP and are 
often called yellow zones [6]. In addition, the contamination of shelves and chests were found 
in chemical laboratories. A special awareness was given to systems whose contamination 
could be assessed only when restoration of laboratories will take place, namely pipes, 
ventilation systems etc. 

Users of radioactive chemicals are usually not aware of their radioactivity. They are 
also not aware that unsealed sources could be easily spilled out and produce contamination of 
persons, surfaces, equipment etc. In addition to external exposure of persons also internal 
exposure including exposure due to inhalation could occur. Usually there is no knowledge 
related to special precautions which should take place. The reason for unawareness could lie 
in the fact that in the past it was easy to buy such chemicals without implementation of any 
additional precautions. Today a use of such sources is strictly controlled. It can also be noted 
that when other types of sources, namely described in items b – e, users are usually aware 
about the radiation nature of sources, although the safety standards applied were often 
obsolete.  

 

3 THORIUM AND URANIUM RADIOACTIVE CHEMICALS 

 
3.1 Control of thorium and uranium chemicals 

The survey revealed that there is widespread use of radioactive uranium and thorium 
compounds in chemical laboratories. Some are given in table 1. Nowadays users usually do 
not need chemicals containing thorium and uranium for their work but the chemicals are 
present in storages due to past activities of laboratories.  

Table 1: Some thorium and uranium radioactive chemicals found in laboratories in 2007 

Thorium chemicals Uranium chemicals 
Th(NO3)4 UO2(NO3)2 × 6H2O Uranyl nitrate 

Th(NO3)4 × 4H2O UO2(CH3COO)2 ×2H2O Uranyl acetate 
Th(NO3)4 × 5H2O 

Thorium nitrate 
 

Th(CO3)2 Thorium carbonate 
Th(CO3)2 Thorium oxide 

Zn(UO2)3 (CH3COO)8 Zinc uranyl acetate 

 

The primary concern related to thorium and uranium compounds is related to alpha 
radiation but it should also be taken into account that the highest photon energies from Th-
232 series is 2.6 MeV and 2.4 MeV from uranium U-238 series. The regulatory control of 
users of sources in the laboratory is based on two fundamental definitions, the definition of a 
source and a definition of a contaminated area. If radioactive waste is present, its definition 
should be also taken into account.  
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The definition of a radioactive source is related to the above-mentioned exemption 
levels which are in Slovenian legislation taken from the EU directive from [2]. Exemption 
levels for some thorium and uranium series using designation from [2] are presented in table 
2.  

Only exemption levels which are related to separation of thorium from ores are given. If 
both thorium isotopes are extracted from natural thorium ore, namely Th - 228 and Th -232 it 
should be taken into account that within around 36 days Th -228 will reach equilibrium with 
its daughters and in addition Th-232 will reach complete equilibrium with its daughters within 
60 years. In this time interval the activity of such material will strongly depend on time. 
Furthermore it should be also taken into account than one of decay products is a radioactive 
isotope of gas radon, namely thoron Rn-220. The thorium chemical could be treated from 
radiation point of view as thorium ore after 60 years of its production. The exemption levels 
are given for Th-228 when it is in the secular equilibrium with all its daughters stated in [2]. 
The exemption level for Th-232 takes into account the secular equilibrium with all its 
daughters [2]. The associated designation Th-228 + and Th-232sec are taken from [2]. 

When natural uranium ore is used as source material for uranium chemicals, two decay 
series should be taken into account, namely U-235 and U-238 series. One isotope of uranium 
is present in the U-235 series, namely a parent isotope U-235 which decays to Th-231 with a 
half life of 25.5 hours. In the calculation of an exemption level for U-235 only this daughter is 
taken into account and the designation U-235+ is used [2]. On the contrary the U-238 series 
has two uranium radioisotopes, namely U-238 and U-234. The available exemption level for 
U-238 in ore given in [2] takes into account equilibrium of U-238 with a list of daughters 
stated in [2] including the gas radon Rn-222. It should be noted that all decay products in U-
238 series are not present in chemicals but only products till U-234 whose half life is 2.4 
10E+5 years. Due to that fact Rn-222 is not a problem related to uranium chemicals.  

Table 2: Selected exemption levels for uranium and thorium isotopes published in [2]  

Parent nuclide Quantity 
(Bq) 

Concentration 
(kBq/kg) 

Th-228+ 10000 1 
Th-232sec 1000 1 

U-235+ 10000 10 
U-238+ 10000 10 

U-238sec 1000 1 
 

 
In addition to exemption levels a concept of contaminated areas could be used in order 

to estimate a risk associated to use chemicals as radioactive sources. Table 3 from [7] shows 
selected criteria of alpha and beta/gamma contamination applicable for laboratories which are 
controlled areas as well as for laboratories without restriction in their use.  

Table 3: Criteria related to contamination of laboratories [7] 

 
Laboratory Alpha contamination 

(Bq/100cm2) 
Beta/gamma contamination 

(Bq/100cm2) 
Controlled area 400  4000 
Unrestrictive use 4 40 
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3.2 Nuclear safeguards 

Uranium and thorium are well investigated isotopes also due to the fact that some of the 
radioisotopes can be used in nuclear power reactors as well as in production of nuclear 
weapons. First attempt to establish international control over such materials took place 
decades ago through multinational conventions and treaties. Different approaches to control 
such material are used as for example U.S. NRC uses definitions “special nuclear material”, 
“source material” and “byproduct material” in order to refine a control over material 
containing thorium and uranium. In the EU the nuclear safeguards mechanism to control such 
materials is based on the Euratom Treaty [8]. 

 
3.3 Risk associated to use of thorium and uranium chemical in laboratories  

Thorium radioisotope Th -232 and both uranium radioisotopes U-235 and U- 238 are 
classified among very radiotoxic radioisotopes [9]. In addition, chemical toxicity of uranium 
should be taken into account [10].  Few pathways related to a use of thorium and uranium 
chemicals should be studied, namely: 

- inhalation 
- ingestion 
- presence of daughters including thoron as discussed in 3.1 
- external radiation. 
Inhalation and ingestion dose coefficient for selected thorium and uranium isotopes are 

given in the literature [11]. The inhalation is always the most critical path. The regulatory 
authorities use different mechanisms in order to efficiently control occupational exposure as 
well as the exposure of a population as for example given in NRC 10 CFR Part 20 [12] using 
annual limit of intake through inhalation and through ingestion, derived annual concentration 
of radioisotopes in air, monthly average releases to sewer, effluent concentration in air and in 
water etc.  
 

4 SAFETY PROVISIONS AND WASTE MANAGEMENT 

 
A control of radioactive sources requires a strict control of all their lifetime phases from 

cradle to grave, e.g. from production, transport, selling, use and storage in a waste 
management facility. Each phase requires safety measures which are prescribed in legislation 
as well as in international radiation safety standards, guidance prepared by qualified experts 
etc. Due to the fact that chemicals are unsealed sources, the prescribed safety measures are a 
complex set of requirements concerning education of people, monitoring of contamination 
and exposures, records keeping and documentation, waste management etc. These safety 
measures are usually not taken into account in case of radioactive chemicals although good 
practice of chemical laboratories, e.g. using gloves and coats, strict cleaning of student 
benches after performing exercises, order in storage, contribute significantly to radiation 
safety.  

In the past no strict control existed and researchers were able to buy radioactive 
chemicals without any warning given by the providers that the material requires additional 
precaution provisions. Due to the long decay times in decay series of thorium and uranium the 
material is still radioactive. The survey of laboratories reveals that on the majority of the 
original packages of chemicals a caution “radioactive” is present but very often a label is 
damaged or visible only after very careful inspection. Usually no international sign for 
radiation risk, i.e. threefold sign, is present. In addition, when such chemicals are processed in 



607.7 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 

a laboratory no additional sign is given on test glasses and other vessels containing 
radioactive materials. The contaminated areas as well as radioactive waste are not labelled. 

 Due to the fact that also no systematic documentation related to the chemicals is 
available only very strict on site survey is efficient. The survey should contain measurement 
using efficient radiation detectors as for example very sensitive radiation pagers as well as  
extensive interviews of laboratory staff. 

As a result, the researchers, other laboratory personnel including cleaning staff, 
students, visitors etc. were unintentionally exposed. Poor understanding of radiation 
characteristics of these compounds is present and leads to underestimating of a potential risk. 

An implementation of radiation safety culture in chemical laboratories, where 
radioactive chemicals are present and were used in the past neglecting the safety measures 
could be described by few steps: 

1. identification of all radioactive chemicals, contaminated equipment, materials and 
areas with help of qualified experts 

2. analysis of a future need of such chemicals, equipment, materials and areas 
3. decontamination and waste management  
4. establishment of organisational structure in order to optimise human resources as for 

example nominating a competent radiation protection officer 
5. implementation of safety measures related to a current use of radioactive materials 

as for example use of suitable storages, radiation monitors and dosemeters, 
establishing the evidences related to purchasing and use of chemicals, preparation of 
written procedures. 

 Implementation of these steps involves many stakeholders, besides laboratory staff and 
management of facilities also waste management agency which operates Central Interim 
Storage for Radioactive Waste, qualified experts, educational institutions, providers of 
dosimeters etc. Very often also substantial financial resources are involved. Due to the fact 
that some laboratories should provide education, also occupancy of their laboratories by 
students should be taken into account.  

During all five above mentioned steps the SNSA pays special attention to the fact that 
frequently unsealed sources pose additional risk to users since contamination of laboratory 
surfaces, equipment or installations associated to a chemical laboratory (e.g. as fume hood) 
could be present. In cases when found sources are liquids such radioactive waste poses 
additional problem if no waste facility is available in a state. The implementation of safety 
measures has been still under way. 

 

5 CONCLUSIONS 

The use of chemicals containing thorium and uranium in chemical laboratories in 
chemical procedures was very extensive in the last few decades but nearly deceases in the last 
decade. Around a hundred of stored radioactive chemical items were found during inspections 
of such laboratories provided by the SNSA or qualified experts in the period December 2006 
– July 2007. Due to very long decay times which exist in some of the radioisotopes present in 
thorium and uranium series such chemicals are still radioactive today. Even more,  the 
radioactivity of thorium chemicals increased substantially from the time of their production. 

It was found out that a set of safety measures is neglected and the principle to control a 
source from its cradle to the grave is not followed. In the past providers of such materials very 
often did not inform a buyer about risks associated with uses or storage of such material. Due 
to the fact that a user is interested just in chemical and not radioactive characteristics of the 
material he can easily neglect radioactive nature of such chemicals.  
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As a result researchers, other laboratory personnel including cleaning staff, students, 
visitors etc. were unintentionally exposed. Poor understanding of radiation characteristics of 
these compounds is present and leads to underestimation of a potential risk. The fact that 
materials are frequently unsealed sources poses additional risk to users since contamination of 
laboratory surfaces, equipment or installations in a chemical laboratory (e.g. fume hood) 
could be present. The generation of radioactive waste could be also present. 

The implementation of safety measures is still under way, including identification of 
waste which could be put into the Central Interim Storage for Radioactive Waste, 
decontamination of equipment etc. These radioactive chemicals require as all other sources 
stringent control in order to assure their safe use.   
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